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Abstract

Background: Hesitation but gradual recognition of laparoscopic liver resection has been gaining popularity in
developed countries among the specialized hospitals. On contrary, there has always been a debate about high cost
and complexity of laparoscopic as compared to open liver resection resulting in the delayed adoption of laparoscopic
approach in many centers.

Methods: We retrospectively reviewed medical records of all patients at the 6th department (Hepatobiliary Unit) of
the 1st affiliated hospital of Harbin Medical University who underwent elective LLR (n=102) or OLR (n=198) from
January 1st, 2014 to November 1st, 2017. Patient demographics, diagnosis, operation type, operative duration,
estimated blood loss, blood transfusion requirement pathology, length of hospital stay, ICU stays and complications
were compared between laparoscopic and open approach. Hospital billing data were collected for each case to
determine the mean hospital costs per case.

Conclusion: Our study justifies that LLR is safe with remarkably better clinical benefits as well cost advantage to
some extent. Short operating duration, short hospital stay, lower chances for ICU need, less blood loss, less blood
transfusion requirement, and low occurrence of complications are benefits offered by the laparoscopic procedure.

Keywords: Laparoscopic liver resection (LLR); Open liver resection
(OLR); Space occupying lesion (SOL); Clinical efficacy; Complications

Abbreviations: LLR: Laparoscopic liver resection; OLR: Open liver
resection; SOL: Space-occupying lesion; ICU: Intensive care unit;
HMU: Harbin medical university; COPD: Chronic obstructive
pulmonary disease; HCC: Hepatocellular carcinoma.

Introduction
Liver resection is the surgical resection (removal of all or part) of

the liver. An indication of liver resection includes hepatic neoplasm,
intrahepatic gallstones, and parasitic cysts of liver hepatic trauma as
well as liver transplantation. Hepatic neoplasm could be benign or
malignant. Benign includes hepatocellular adenoma, hepatic
hemangioma, and focal nodular hyperplasia. A malignant neoplasm,
on the other hand, includes HCC and metastases from colorectal
cancer. Liver resection remains the only potentially curative treatment
for primary and metastatic liver tumors.

The first liver resection was reported by Dr. Ichio Honjo
(1913-1987) of (Kyoto University in 1949, and Dr. Jean-Louis Lortat-
Jacob (1908-1992) of France in 1952 [1,2]. The first laparoscopic non-
anatomic resection of a Focal Nodular Hyperplasia (FNH) was
reported by Gagner and colleagues in 1992, and this was followed by
the first report of laparoscopic anatomic liver resection in 1996 [3].
Laparoscopic liver surgery was slower to develop than other fields of
laparoscopic surgery because of difficult anatomy, the complexity of
procedure and fear of uncontrolled bleeding or gas embolism.
However, Laparoscopic Liver Resection (LLR) is associated with

significant advantages: faster recovery, less post-operative pain, less
morbidity, easier subsequent surgery and better cosmetic results. With
the improvement in surgical technique, anesthetic drugs, and intensive
care it became possible to perform complex liver resections with very
low morbidity and mortality. Open as well as laparoscopic both
approaches are practiced for liver resection these days. Even though
OLR hasn’t lost its important place, LLR has undergone a steady
increase in these few years. The liver is divided into VIII anatomical
segments.

Different classifications are used to define liver resections according
to the segment or segments resected. The most widely used system of
nomenclature of the liver is couinaud, 1957. This classification names
the liver resection as i) V-VIII; right hepatectomy ii) IV-VII; right
lobectomy iii) II-IV; left hepatectomy iv) II-III; left lobectomy v) II, III,
IV, V, VIII; extended left hepatectomy. The postoperative and
oncologic outcome of LLR has been proven to be as effective as with
traditional OLR when performed by experienced surgeons.
Laparoscopy seems to be more widely performed for wedge resections
and other minor liver resections since major resections can be very
challenging and left only in the hands of a few experts. OLR was also
widely used for any kind of hepatic lesions. In some highly specialized
centers, even some robotic surgeries were also performed beside LLR
and OLR. Different authors had different views in terms of cost but in
terms of clinical benefits, almost all authors were in favor of
laparoscopic approach. Excessive blood loss is associated with
increased perioperative morbidity.

Laparoscopic liver resection has been gaining popularity more and
more these days. Over this decade feasibility of LLR has been improved
rapidly as training, experience and facility for laparoscopic techniques
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have increased. LLR has leaped forward from the application in
peripherally located benign lesions to large and malignant lesions.
With the development of the society, the need for medical services has
been increasing day by day. The advancement of diagnostic tools has
aided opportunities in the choice of operation. Minimally invasive
laparoscopic liver resections; therefore, has become more accurate and
feasible. Universally accepted advantages of LLR includes minimal
trauma, less pain as well as quick recovery. Long-term complications of
surgery such as incisional hernias and differences in outcomes such as
persisting pain would be other advantages of LLR over OLR.

The curative effect, clinical benefits as well as the cost of operation
has always been debated. Cost of medical equipment has always been
higher for LLR as they would require expensive disposable
instruments, as well as medical equipment (e.g. Laparoscope).
Therefore, our future goal is to decrease the overall cost by increasing
the clinical efficacy as well as reducing the medical costs.

Materials and Methods
After getting permission from the department, a computer database

was used to retrospectively collect all data from January 2014 to
November 2017. Our goal was to collect about 300 randomized cases
retrospectively from the computer database and then use statistical
software to analyze those data. These data included cases that
underwent liver resection in the 6th department of the 1st affiliated
hospital of HMU (hepatobiliary surgery) for any kind of SOL in the
liver. A patient who has already undergone chemotherapy and other
simultaneous non-hepatic surgery for bulky lesions infiltrating the
diaphragm, liver cysts and vascular encasement were excluded. We
excluded three cases that were converted from laparoscopic to open
approach because of such low number of conversions.

We began our research with 102 (LLR) and 198 (OLR) patients. The
total cost of treatment of each patient was collected from the computer
database. This cost included all expenses that occurred from admission
to discharge of the patient. Therefore total cost included inpatient cost,
medicine cost, and operation theatre cost, anesthesia cost, nursing cost
as well as ICU or ventilator cost and miscellaneous according to the
need of the patient. We just collected value of total cost and didn’t
collect the cost of individual variables. All the cost mentioned in this
article is in Chinese RMB (as of 10th May, 2018; 100 RMB=15.78 USD).
Per day inpatient cost in general ward was 50 RMB (without any drugs
or nursing cost) while that in ICU was 610 RMB (without drugs,
nursing charges or ventilator charges as shown by billing data records).
There were no strict criteria directing operative approach (LLR vs.
OLR) but instead was decided by each individual operating surgeon.

OLR cases were operated using either upper midline incision above
the umbilicus or a long chevron incision. Pringle maneuver was
sometimes used in open resection (20 minutes) in the cases where
there was excessive bleeding.

Tiny incisions trocars laparoscopic instruments are used to operate
the cases of LLR. The operation begins with the use of peri-umbilical
gel port hereby entering the abdominal cavity under direct
visualization using optiview (Ethicon Endosurgery, Inc.) trocar
accompanied by placement of remaining trocars. Laparoscopic
intraoperative ultrasound is occasionally used to evaluate the hepatic
SOL. Ultrasonic equipment is used to precisely dissect the liver
parenchyma tissue and major blood vessels with staplers. Majority of
operations were performed using pure laparoscopic approach and a
few as hand assisted.

Different kinds of operations are performed according to the
segments involved. Our cases included partial hepatectomy, left lateral
lobectomy, left lobe resection, resection of right hepatic
trisegmentectomy and right hemi-hepatectomy. The resected tissue is
finally removed via the hand port and hemostasis is achieved with
cautery, suture, and/or hemostatic agents according to the intensity of
the bleeding. Pringle maneuver was rarely used for cases in
laparoscopic approach.

Operative duration, the volume of intra-operative blood loss, the
volume of intra-operative blood transfusion, duration of hospital stay,
duration of ICU stay and occurrence of complications were the chosen
variables to analyze for clinical efficacy. Clavien-dindo system was
used for the grading of surgical complications.

The research applies clinical patient-matched cohort statistical
methods. Statistical analysis was performed using SPSS 22.0 software
and the GraphPad Prism software package (v. 5.01). All data are
presented as means ± SD. Variance between two groups was analyzed
using unpaired t-tests. P<0.05 was considered statistically significant.
The collected data was managed in Microsoft Excel and histograms
and pie chart was merged using adobe illustrator.

Results
The results were calculated by SPSS 22.0 statistical software. There

was a total sample size of 300 patients, which included 102 (LLR) and
198 (OLR) patients. The result of two-tailed unpaired t-tests revealed
that choice of operative approach (LLR/OLR) didn’t have any statistical
significance in terms of cost (P=0.4231). The mean SD of the total cost
for LLR group was RMB 58740 ± 1585 (N=102) while that with OLR
was RMB 61110 ± 1964 (N=198). Hence, the mean total cost of LLR
group was found slightly lower compared to OLR group. The variations
of cost (SD) in LLR group RMB (± 1585) were also slightly lower than
OLR group RMB (± 1964). The average age in LLR group was 48.94 ±
1.219 years while that in OLR group was 52.38 ± 0.0805 years
(P=0.0157). In both groups (LLR or OLR) benign cases were higher
than malignant cases as shown in the table (Table 1 and Figure 1).

Variable LLR(N=102) OLR (N=198) t-test P
value

Total Liver Resections 102 198   

Sex: Male 56 115
 0.5983

Female 46 83

Age (years) (Mean SD) 48.94 ± 1.219 52.38 ± 0.8005  0.0157

Disease Species:   
  

Benign (N=198) 70 128

Malignant(N=102) 32 70   

Cost (Mean SD) 58740 ± 1585 61110 ± 1964 t=0.8021 0.4231

Table 1: Patient demographics /general information.
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Figure1: (a) Distribution of patients for liver resection. (b)
Distribution of liver resections by sex. (C) Distribution of liver
resections by age. (d) Distribution of disease species (benign/
malignant) in Liver resection. The age is expressed as mean ± SD.
*P<0.05.

The results of two-tailed unpaired t-tests showed that clinical
benefits were positively associated with the selection of approach for
liver resection (LLR/OLR). Moreover, two-tailed unpaired t-test
revealed that LLR were positively associated with shorter operative
duration (P=0.0002), lower intraoperative blood loss (P<0.0001), lower
intraoperative blood transfusion (P<0.0001), shorter hospital stay
(P<0.0001), shorter ICU stay (P=0.0002) and fewer complications
(P=0.0266). Operation duration for LLR 214.5 ± 8.078 minutes was
significantly less compared to OLR 250.0 ± 5.261 minutes. The average
operative blood loss of LLR 194.7 ± 25.76 ml was remarkably lower
compared to OLR 398.9 ± 26.41 ml.

Meanwhile, the average intra-operative blood transfusion (ml) for
LLR 167.6 ± 24.58 (N=102) was lower compared to OLR 423.6 ± 30.85
(N=198). Average hospital stay for LLR group was 11.42 ± 0.6191 days
and for OLR group was 15.62 ± 0.6572 days. Average ICU stay for LLR
was 0.08824 ± 0.03147 and that for OLR was 0.3182 ± 0.04017. Per day
inpatient stay cost 50 RMB was much less compared to per day ICU
cost of 610 RMB.

Post-operative complications were not encountered in 91 patients in
LLR group and 160 patients in OLR group. Few patients in both groups
presented with complications of fever (LLR=9, OLR=19) and pleural
effusion (LLR=1, OLR=4). Pneumonia, seroperitoneum dyspnea,
ascites, CBD stenosis and renal injury were also other post-operative
complications observed in patients in OLR group. LLR had an absence
of post-operative complications like dyspnea, pneumonia, ascites/
abdominal distention, CBD stenosis, renal injury, sero-peritoneum
(Figure 2).

Figure 2: (a) The total hospital cost of liver resection. (b) The
duration of the operation. (c) The volume of intra-operative blood
loss. (d) The volume of blood transfusion. (e) The total duration of
hospital stay. (f) The total duration of ICU stay. (g) A total number
of post-operative complication cases. (h) Clavien-dindo scoring of
surgical complications. The data are expressed as mean ± SD.
*P<0.05; ***P<0.001.

Clavian-dindo classification was used to score the post-operative
complications and the results were analyzed using two-tailed unpaired
t-test which revealed that the complications scoring were lower in LLR
with statistical significance (P=0.0266). The Mean SD of Clavien-dindo
scoring for LLR was 0.1275 ± 0.04103 (N=102) while that for OLR was
0.2828 ± 0.04533 (N=198) (Table 2).

Variable LLR OLR Χ2 test P- value

Pain /Fever 9 19 0.0474 0.8275

Dyspnea 0 1 0.5168 0.4721

Pneumonia 0 5 2.6194 0.1055

Pleural effusion 1 4 0.4441 0.5051

Ascites /Abdominal distention 0 1 0.5168 0.4721

CBD Stenosis 0 1 0.5168 0.4721

Renal injury 0 1 0.5168 0.4721

Seroperitonium 0 2 1.0372 0.3084

Table 2: Post-operative complications.
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Discussion
Increasing choice of LLR day by day indicates evidence that LLR is

not only feasible and less invasive but also safe economically
maintaining equal/more clinical efficiency. A variety of study
methodologies are used with the majority of studies being
retrospective case series or case-matched series. Some other methods
being used are multicenter prospective study, case-cohort matched
study; deviation based cost modeling and weighted average median
cost, and value-based analysis.

In fact, Bhojani, et al. had evaluated all LLRs from 2006-2010
performed in their institution and each case was retrospectively
matched to 2 open cases for a number of segments removed, patient’s
age and liver histology. Fifty-seven patients underwent attempted LLR.
The results concluded that LLR benefitted more by reducing the
operating room time (240/270 mins, p=0.14), lower estimated blood
loss (250/500 ml, p<0.001), and shorter length of hospital stay (5/6
days, p<0.001). Median overall cost for LLR was lower at $11,376 vs.
$12,523 for OLR (p=0.077) [4].

Aldrighetti, et al. showed that Laparoscopic approach resulted in
shorter operating time (150 min, P: 0.044) and lower blood loss (258
ml, P: 0.008) with no difference in perioperative morbidity and
mortality rate; laparoscopic approach was associated with a shorter
hospital stay (6.3 days, P: 0.039) [5]. After a mean follows up of 32
months, disease-free survival and overall survival were 40.2 and 23.3
months for the laparoscopic group, and 47.7 and 31.4 months for OR
group (PNS) [5]. In other studies looking specifically at LLS, the vast
majority of these aforementioned clinical benefits were replicated
[1,2,4,6-12].

Figueredo and Yeung concluded that LLR reduced pain, inpatient
days with more or less comparable operative outcome. Presence of
skilled as well as an experienced surgical team, the operation would
prove more safe and feasible [3]. Kawaguchi, et al. explained the cost
for LLR were similar to those for OLR in a patient performing Left
lateral sectionectomy along with a shorter period of hospitalization
providing benefit to patient and hospital benefitted financially [13]
(Table 3).

Variables LLR(N=102) OLR(N=198) P Value

Operation time (min) 214.5 ± 8.078 250.0 ± 5.261 0.0002

Blood Loss (ml) 194.7 ± 25.76 398.9 ± 26.41 <0.0001

Blood transfusion (ml) 167.6 ± 24.58 423.6 ± 30.85 <0.0001

Hospital stay(days) 11.42 ± 0.6191 15.62 ± 0.6572 <0.0001

ICU Stay (days) 0.08824 ± 0.0314 0.3182 ± 0.0401 0.0002

Table 3: Operative outcomes of patients who underwent Liver
resections.

Cannon, et al. used deviation-based cost modeling and weighted
average median cost to compare two procedures in order to determine
laparoscopic group was slightly lower compared to open group.
WAMC for the laparoscopic right hepatectomy group, however, was
higher than the open group due to higher operation room cost [14].

Cleary, et al. concluded that the overall hospital costs for minor
hepatic resections are less for LLR when compared to OLR [15].
Laparoscopy improved surgical and postsurgical outcomes because

Specific morbidity rates were similar but general morbidity rate was
better in the laparoscopic group [16].

Medbery, et al. made a value-based analysis concluding that overall
costs between LRH and ORH are equivalent, clinical outcomes after
LRH are comparable to those after ORH, supporting the value of
laparoscopy in extensive right hepatic resections [10].

Polignano, et al. tried to explain the large-scale application of
laparoscopic liver surgery could translate into significant savings to
hospitals and health care program [17]. Financially, the total hospital
costs of laparoscopic liver resection were either offset or improved
because of a shorter length of stay, however, quick resumption of oral
diet, less analgesic, and narcotic requirement, no difference in
oncologic outcomes and other above mentioned clinical benefits
superseded LLR to OLR. The vast majority of patients undergoing
laparoscopic LLS for malignant disease continued to experience an
uncomplicated postoperative course and was able to maintain a
favorable cost-benefit over open surgery [12].

Cost parameter actually varied. Some authors depicted a reduction
in cost for the laparoscopic approach. Some authors also illustrated
more or less similar cost [18,19]. Laparoscopy can achieve short-term
outcomes similar to those of open surgery for hepatocellular adenomas
and has the additional benefits of a reduced blood loss, need for
transfusion, and a shorter hospital stays [20-24]. Another important
aspect of laparoscopic liver resection is aided not only by improved
transection techniques, but also with advances in perioperative care,
anesthesia, and post-operative care [25]. The Superficial Pre-
Coagulation, Sealing, and Transection (SPST) method, a potentially
"bloodless" and "ecofriendly" laparoscopic liver transection technique
involving reusable devices: the VIO soft-coagulation system; VIO
BiClamp (bipolar electrosurgical coagulation); Olympus SonoSurg
(ultrasonic surgical system); and CUSA (ultrasonic aspirator).

Furthermore, we have reported the short-term outcomes of
laparoscopic liver transection with the SPST method. The SPST
method is a simple, efficient, and cost-effective surgical technique for
laparoscopic liver resection. It is associated with low intraoperative
blood loss and good short-term outcomes. We recommend that the
SPST method should be used as a standard technique for laparoscopic
liver resection [26].

Overall, our research not only supports the clinical efficacy of LLR
to OLR but also cost-efficient. While not all laparoscopic approaches
are equal, any minimally invasive approach may be an advance beyond
the traditional open approach to clinical and economic aspects. Our
analysis provides some evidence to prove that laparoscopic liver
resection fulfills the clinical and economic aspects and to some extent
has the potential to emerge as the standard approach for liver resection
for selected patients. Efforts to reduce operative costs of LRH, while
maintaining optimal patient outcomes should be the focus of surgeons
and hospitals moving forward.

LLH is also a safe and effective treatment for selected patients with
hepatolithiasis, with an advantage over OLH in the field of
intraoperative blood loss, intraoperative transfusion, overall
complication and postoperative recovery [27]. Enhanced Recovery
After Surgery (ERAS) for laparoscopic liver resection is safe and
effective. Patients in the ERAS group had a shorter hospital stay, fewer
complications, and lower hospital costs [28]. The authors of other
article tried to compare the perioperative outcomes of patients with
primary hepatic carcinoma treated with Laparoscopic Hepatectomy
(LH) with those treated with Open Hepatectomy (OH). Compared
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with OH, LH could improve perioperative outcomes of primary
hepatic carcinoma patients [29].

Some cases of Hepatic neoplasms required repeated operations.
When we proceed with open approach repeated operation tends to be
difficult for the patient as well as surgeons. Repeated more invasive
approach around the neoplasm can promote metastasis as well
increases painful days for the patient. In this scenario, the laparoscopic
approach is rewarding as LLR may be preferred over open liver
resection due to the well-known advantages of laparoscopy, such as
reduced pain and improved possibility for repeated resections [30].
The technique of laparoscopic operation has advanced so much that
these days laparoscopic liver resection in patients with a history of
upper abdominal surgery is also feasible and safe [31].

Laparoscopic resection of HCC is feasible and safe in selected
patients and can result in good surgical results, with similar outcomes
in terms of overall and disease-free survival [5]. Laparoscopic
approach for minor liver resection in elderly patients is safe and
feasible with less blood loss, a shorter hospital stays, less postoperative
complications and a better oncological outcome [32].

Benzing, et al. also studied performing laparoscopic hepatic
resection in multimorbid elderly patients which supported the safety of
operation even in those elderly patients [33]. Laparoscopic isolated
caudate lobectomy remains a challenging procedure because of its deep
location and proximity to the important vessels. The laparoscopic
approach has been improvised with time in such a way that now it has
become much convenient even for difficult liver resections like caudate
lobectomy. The authors demonstrated the Arantius ligament
suspension technique is a feasible and ideal method for a laparoscopic
isolated caudate lobectomy for providing a rapid and safe left lateral
lobe retraction [34].

LLR for HCC appears equally safe in cirrhotic and non-cirrhotic
patients, and the advantages can be witnessed in those with advanced
cirrhosis. Severe co-morbidities and conversion should be considered
risk factors for complications-rather than the severity of cirrhosis and
portal hypertension-when liver resection is performed
laparoscopically. Such results may be of great interest to hepatic
surgeons and hepatologists when deciding on the management of HCC
within cirrhosis [35]. Another idea has also been advocated recently as
Hybrid liver resection.

Coelho, et al. did a Propensity Score Matching Analysis to conclude
that hybrid resection has better perioperative results than the open
approach and is similar to pure laparoscopy. The authors insisted that
the hybrid technique is considered a minimally invasive approach [36].
Patients with lesions in the posterosuperior (PS) segments of the liver
have been considered poor candidates for laparoscopic liver resection
(LLR).

D'Hondt, et al. conducted a case-matched study on Laparoscopic
versus open parenchymal preserving liver resections in the
posterosuperior segments. This study suggested that laparoscopic
parenchymal preserving liver resections in the PS segments can be
performed with comparable short-term outcomes as similar OLR [37].

Liver resection is an accepted treatment modality for large (greater
than 5 cm) Colorectal Liver Metastases (CLM). Laparoscopic resection
appears to be a safe approach for resecting large CLM. Tumor size does
not preclude laparoscopic hepatectomy [7]. LLR can be safely adopted
today especially for lesions in the anterolateral segments. LLR for
lesions in the difficult postero-superior segments and major liver

resections especially in cirrhosis should only be attempted by surgeons
who have acquired a minimum experience with 20 LLR [38].

In the pregnant lady, hepatocellular adenoma represents a
significant diagnostic and therapeutic challenge. Anatomically
favorable located lesions can be safely managed with laparoscopic liver
resection. Laparoscopic liver resection should be considered as part of
the currently available strategies for hepatocellular adenoma during
pregnancy [39].

LLR in obese patients is also safe and effective [40]. The
inflammatory response has been shown to be a major contributor to
acute kidney injury. The laparoscopic technique, by decreasing the
inflammatory response, may reduce the occurrence of postoperative
acute kidney injury during liver resection surgery [41]. Laparoscopic
resection in patients with CSPH can be performed safely in well-
selected patients and expand the current surgical indications in
patients with clinically significant portal hypertension [42]. Patients
with a solitary HCC (diameter 5-10 cm) who underwent open or
laparoscopic liver resection were enrolled in a prospective
observational study simultaneously analyzing the perioperative and
follow up data. The authors came to a conclusion that laparoscopic
liver resection is safe and feasible for the treatment of patients with
large HCC [43]. Thus, a lot of evidence supports laparoscopic approach
to open approach in liver resection.

Time has come now for the hospitals and doctors to make their
patients aware of the advantages of both open as well as laparoscopic
approach and simultaneously change the preferences for the choice of
operative approach. The concepts and techniques in laparoscopic liver
resection are totally different from those of open liver resection
because of the different surgical views. Understanding the
laparoscopy-specific concepts and techniques would facilitate safe and
efficient execution of laparoscopic hepatectomy [44].

Limongelli, et al. performed a systematic review of the literature
using the Medline, Embase, PubMed, and Cochrane databases to
identify all studies published up to 2013 that compared laparoscopic
and open liver (Laparoscopic Hepatic Resection (LLR) vs. Open Liver
Resection (OLR)) and pancreatic (Laparoscopic Pancreatic Resection
(LPR) vs. Open Pancreatic Resection) resection. This systematic review
supports the economic advantage of laparoscopic over the open
approach to the liver as well as pancreatic resection [45]. LLR is a
practical replacement for OLR with probable advantages within the
short-term outcomes for elected HCRM patients. Nevertheless, it
remains an approach to advancement; in addition, randomized
controlled trials and prolonged follow-up are necessary to verify its
oncologic benefits and long-term survival [46].

Laparoscopic liver resection is safe and effective for well-selected
patients with left IHD stones when performed by experienced
surgeons. Laparoscopic liver resection resulted in shorter operation
time and postoperative hospital stay, and a lower postoperative
morbidity rate, than open hepatectomy [47]. Cirrhosis patient is
always at risk during liver resection and looking for some published
literature on this scenario comparing laparoscopic versus open
approach. The authors of the review suggested that laparoscopic
resection of hepatocellular carcinoma in patients with cirrhosis is safe
and may provide improved patient outcomes when compared to the
open technique [48].

Total laparoscopic anatomical S4, extended S4, or S4a or S4b
segmentectomy is a feasible procedure for HCC. The Glissonian
pedicle transection method is an effective technique for rapid and safe
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control and subdivision of the S4 pedicle that facilitates anatomical
laparoscopic S4, extended S4, and S4a and S4b segmentectomy [49].
Another theoretical advantage is that pneumoperitoneum pressure
reduces hemorrhage from the hepatic vein [50]. Gustafson, et al.
compared laparoscopic as well as open liver resection beyond the
immediate postoperative period collecting morbidity data of thirty
days and one year period. Their conclusion was that the advantages of
laparoscopic liver resection may extend beyond the initial
postoperative period, with fewer readmissions despite shorter hospital
stays. This also may suggest lower long-term hospital costs [51].
OLR was also widely used for any kind of hepatic lesions. Different
authors had different views in terms of cost but in terms of clinical
benefits, almost all authors were in favor of laparoscopic approach.
Excessive blood loss is associated with increased perioperative
morbidity. Overall, our research not only supports the clinical efficacy
of LLR to OLR but also cost-efficient. While not all laparoscopic
approaches are equal, any minimally invasive approach may be an
advance beyond the traditional open approach on clinical and
economic fronts.

Laparoscopic liver resection can anytime be converted to open
laparotomy if the anatomy is not clear or so as not to endanger patient
safety. Our analysis provides some evidence to prove that laparoscopic
liver resection fulfills the clinical and economic aspects of and to some
extent has the potential to emerge as the standard approach for liver
resection for selected patients.

Conclusion
LLR (58740 ± 1585 N=102) is not expensive compared to OLR

(61110 ± 1964 N=198), with not much difference in terms of cost. The
shorter length of hospital and ICU stay can guarantee a reduction in
total cost reflecting indirect cost benefits. The clinical benefits are
simultaneously reflected by lower blood loss, lower need for blood
transfusion and lower complications rate for LLR compared to OLR.
So, therefore, the new focus should be on reducing the operative costs
in laparoscopic approach while maintaining the clinical efficacy.

Limitations
The infrastructures of primary hospitals and care centers, phobia for

the expensive scenario as well as the scarcity of well-trained hepatic
surgeons are the demerits that should also be taken into consideration.
The concepts and techniques in laparoscopic liver resection are totally
different from those of open liver resection because of the different
surgical views and hence the acquisition of necessary skills is not that
easy for open liver surgeons [44].

Our research was conducted in a well-equipped tertiary hospital of
the 1st affiliated hospital of HMU of the fast developing country,
China. The scenario should also be studied in other small hospitals too.
Even though data on the technical feasibility of laparoscopic major
resections and their benefits in terms of blood loss and functional
recovery support the diffusion of minimally invasive approach, the
limit of the technique is still represented by the reduced pool of
suitable candidates [43]. This research included many different cases of
liver resections because we wanted to include a greater number of
patients. This research would have been more significant if we could
study the same scenario in a single type of liver resection doing a case-
matched cohort study.
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