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Abstract
AIM: To review the currently available literature comparing laparoscopic to open resection of hepatocellular carcinoma (HCC) in patients with known liver cirrhosis.

METHODS: A literature search of MEDLINE, EMBASE, and Cochrane databases was conducted. The search terms used included (laparoscopic OR laparoscopy) AND (hepatic or liver) AND (surgery or resection) AND “hepatocellular carcinoma” AND (cirrhosis or cirrhotic). Furthermore, to widen the search, we also used the “related articles” section. Studies reporting a comparison of outcomes and methods of open vs laparoscopic hepatic resection for HCC in patients with liver cirrhosis were included. Meta-analysis of results was performed using a random effects model to compute relative risk (RR) and for dichotomous variables and standard mean differences (SMD) for continuous variables.

RESULTS: A total of 420 patients from 4 cohort studies were included in final analysis. Patients undergoing laparoscopic procedures had statistically less blood loss compared to the open cohort, SMD of -1.01 (95%CI: -1.23-0.79), P < 0.001, with a reduced risk of transfusion, RR = 0.19 (95%CI: 0.09-0.38), P < 0.001. A wider clearance at tumour resection margins was achieved following a laparoscopic approach, SMD of 0.34 (95%CI: 0.08-0.60), P = 0.011. No significant difference was noted between laparoscopic and open resection operative times, SMD of -0.15 (95%CI: 0.35-0.05), P = 0.142. The overall RR of suffering from postoperative morbidity is 0.25 in favour of the open surgery cohort (95%CI: 0.17-0.37), P < 0.001. Patients under-going laparoscopic surgery had significantly shorter length of stays in hospital compared to the open cohort, SMD of -0.53 (95%CI: -0.73 to -0.32), P < 0.001.

CONCLUSION: This review suggests that laparoscopic resection of hepatocellular carcinoma in patients with cirrhosis is safe and may provide improved patient outcomes when compared to the open technique.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
The introduction and development of laparoscopic surgery has had an immense impact on outcomes in surgery since the first laparoscopic cholecystectomy performed in 1985[1]. Since its introduction, laparoscopy is now regularly used in the majority of elective and emergency surgical procedures. Laparoscopic techniques have gone through a slower rate of uptake for oncological procedures, but are now commonly used in gastrointestinal cancer surgery, particularly for bowel resections[2-5]. However, the use of laparoscopy in hepatic surgery is not yet widely established.

Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver and the 5th and 8th most prevalent cancer worldwide in males and females respectively[6]. The incidence of HCC has been on the rise and is associated with an increase in hepatitis B or C-associated cirrhosis[7]. Approximately 80% of patients with HCC develop the tumour from such chronic liver diseases[8]. The incidence of HCC in cirrhotic patients varies from between 0.2%-8.0% per year depending on the cause of cirrhosis[9]. Mortality rate of HCC associated with liver cirrhosis is rising in developed countries with HCC now being a major cause of death in patients with compensated cirrhosis[10]. European cohort studies have suggested that HCC is responsible for 54%[11] to 70%[12] of deaths in patients who died of a liver related cause with compensated cirrhosis.

Patients suffering from liver cirrhosis complicated with HCC often have a narrow range of treatment options. Liver transplantation is potentially curative, yet, due to various limitations such as continued alcohol abuse associated with this patient cohort, as well donor availability and patient age, often limited in its application[13] . Liver resection is an alternative option and is now widely accepted as a potentially curative treatment for patients with HCC[14].

However, liver resection for cancer complicated by cirrhosis is not without risks[15,16]. Patients suffering from cirrhosis are at increased risk of developing significant postoperative complications including ascites, lung infection or pleural effusion, transient encephalopathy, kidney failure, portal vein thrombosis, hernias and upper gastrointestinal bleeding[17,18]. Risks can also be related to systemic changes related to poor hepatic function and cirrhosis, such as intraoperative haemorrhage due to primary haemostasis dysfunction[19] as well as the increased incidence of oesophageal varices[20], resulting in a potentially high risk of intraoperative blood loss. These factors have led to surgeons developing meticulous selection criteria for patients suitable for hepatic resection in the context of cirrhosis. For a number of years there has been a general consensus amongst physicians that patients with a Childs-Pugh classification of C should not have any elective surgical procedures performed due to the high mortality risk[21]. In a recent study by Neeff and colleagues it was noted that patients with cirrhosis had 10%, 17% and 63% mortality rates for Childs-Pugh classification A, B and C respectively[22]. As such, it remains at present unclear whether laparoscopic surgery is of benefit to patient outcomes following resection[23].

Laparoscopic surgery for hepatic procedures has been slow to develop. Initially introduced for staging procedures, it has now been implemented for uncomplicated liver resections in HCC. When compared to open procedures, studies have suggested that laparoscopic procedures result in reduced intraoperative blood loss[24] and thus reduced need for blood transfusions[25]. Moreover, reduced operative time[26] have been noted in laparoscopic cohorts with wider tumour resection margins[27] when compared to open resection. Postoperatively, lower morbidity rates also resulted in lower length of stays in hospitals in laparoscopic resection when compared to open procedures[25]. Differences in long-term outcomes have yet to be evaluated[28,29].

Whether this applies to the more complex group of patients suffering additionally from cirrhosis, however, is unclear. In the context of the known, and significant, additional risks of hepatic resection in cirrhosis, it would be inappropriate to assume such data could be extrapolated.

The aim of this study, therefore, was to review the currently available data comparing laparoscopic (LR) vs open liver resections (OR) for HCC in patients with known cirrhosis.

MATERIALS AND METHODS
A systematic review was performed according to criteria were defined by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement[30].

Literature search

A review of the literature was performed using MEDLINE and EMBASE databases as well as the Cochrane Library up to August 2013, without restriction on language or region. The search terms used included (laparoscopic OR laparoscopy) AND (hepatic or liver) AND (surgery or resection) AND “hepatocellular carcinoma” AND (cirrhosis or cirrhotic). Furthermore, to widen the search, we also used the “related articles” section.

Titles and abstracts were reviewed and candidate articles identified. These were then retrieved for full-text review and final inclusion of articles according to predefined criteria. The search was conducted by two independent researchers (AT and PP), any differences were resolved by consensus.

Inclusion and exclusion criteria

All published articles reporting a comparison of outcomes and methods of open vs laparoscopic hepatic resection for HCC in patients with known cirrhosis were included. Studies reporting outcomes in non-cirrhotic patients or patients with chronic liver disease and unproven cirrhosis were excluded. Furthermore, published abstracts were excluded from the review.

Statistical analysis

Outcome measures assessed included both perioperative and postoperative outcomes. Perioperative measures included operating time, blood loss volume, requirement of transfusions, and histological tumour margins. Postoperative measures included morbidity and mortality rates, length of stay in hospital, and long-term survival rates and disease free survival.

Meta-analysis of results was performed using a random effects model to compute relative risk (RR) and 95%CI for dichotomous variables and standard mean differences (SMD) for continuous variables, using Stata 12 (StataCorp, College Station, TX). I2 test was used to assess data heterogeneity; all cases a p value of less than 0.05 was deemed statistically significant.

RESULTS
Search results

Following the database search 435 results were produced and following de-duplication, were narrowed down to 220 articles (Figure 1). Following article selection according to criteria as described, this resulted in final inclusion of 4 comparative cohort studies. These included a total of 420 patients (LR = 150, OR = 270). There were no significant differences in patient demographics between groups (Table 1). All studies were single centre retrospective cohort studies with 3 out of 4 being case matched studies. Cases were matched according to liver function tests, demographics, tumour and intraoperative technicalities. The majority of patients in both the LR and OR groups were classified as Child-Pugh class A, with the remainder being class B (88.7% and 90.7% of patients were Child-Pugh class A in the LR and OR cohorts respectively). Both cohorts, open vs laparoscopic, in all studies were performed by the same institution and same surgical teams.

The risk of bias was assessed using a modified Newcastle-Ottawa scale (NOS)[31] for assessing the quality of non-randomised studies and is demonstrated in Table 2. The overall quality of the studies included was of good quality, the NOS scores varied between 7 and 8 out of 9. An important factor to note is due to uncontrollable intraoperative complications, each study had a small portion of laparoscopic procedures converted to open, ranging from 7% (Belli[32]) to 19.4% (Truant[33]).

The criteria for resectability included radiographic absence of extrahepatic involvement, anatomically suitable disease as well as lack of thrombus in the portal vein. The studies did not place a limit on tumour size, although initially Belli limited laparoscopic surgery to 5 cm lesions, which was extended to larger than 5 cm in the final year of their study[32]. All studies excluded patients with a Childs-Pugh score of C or greater, except Truant[33] who also excluded Childs-Pugh score of B (Table 1).

Belli limited the laparoscopic procedure to exophytic or subcapsular tumours localized to the left (Couinaud[34] segments Ⅱ, Ⅲ, Ⅳb) or peripheral right (segments Ⅴ, Ⅵ) segments[32]. Similarly, Truant limited the laparoscopic approach to subcapsular tumours located in the anterior or lateral segments Ⅱ-Ⅵ[33]. Kanazawa[18] and Cheung[23] did not state any limitations to tumour location.

Intraoperative outcomes

Intraoperative outcomes were subjected to meta-analysis, where appropriate. LR results in significantly larger tumour margins compared to OR (Figure 2), with an overall SMD of 0.34 (95%CI: 0.08-0.60), z-stat P = 0.011, in favour of LR with nil heterogeneity (I2 0.0% P = 0.631). Only one study (Belli[32]) reported rates of incomplete (R1) resection, reporting higher rates in the OR cohort compared to the LR cohort (8.4% vs 0% in the OR and LR cohorts respectively, P = 0.057).

Intraoperative blood loss in the LR cohort was significantly less compared to patients undergoing OR (Figure 3) with an overall SMD of -1.01 (95%CI: -1.23-0.79), P < 0.001 in favour of open, though there was a significant degree of heterogeneity in the data reported by the included studies (I2 = 96.2%, P < 0.001). Inevitably, higher rates of blood loss resulted in patients undergoing OR requiring significantly greater rates of transfusion compared to LR (Figure 4), the overall RR was 0.19 (95%CI: 0.09-0.38), P < 0.001, I2 = 0.0% P = 0.845 in favour of open showing patients undergoing an OR are more likely to require a transfusion.

There was no statistically significant difference in operative time comparing the LR and OR techniques (Figure 5). Nonetheless, the results demonstrated a SMD of -0.15 in favour of open procedures requiring longer operative times (95%CI: 0.35-0.05), P = 0.142 with moderate heterogeneity (I2 = 24.2%, P = 0.266).

Postoperative outcomes and survival

Postoperatively the OR cohort significantly suffered from higher morbidity rates compared to the LR cohort (Figure 6). The overall RR of suffering from postoperative morbidity is 0.25 in favour of the OR cohort (95%CI: 0.17-0.37), P < 0.001, with moderate heterogeneity (I2 = 41.1%, P = 0.165). The increased rates of morbidity and longer recovery times associated with OR resulted in the OR cohort having significantly longer in-hospital length of stays compared to the LR cohort (Figure 7). The SMD is -0.53 (95%CI -0.73,-0.32), P < 0.001, in favour of open with substantial heterogeneity (I2 = 59.8%, P = 0.058).

Though the heterogeneity of data reporting precluded meaningful meta-analysis, no statistically significant difference was reported across all studies with regards to both long-term survival and disease-free survival in the LR cohort compared to the OR cohort. Belli and colleagues reported 52% of the LR patients having a 3-year disease-free survival compared to 50% in the OR cohort which was not statistically significant[32]. Similarly, Truant and colleagues noted no statistically significant difference in 5-year disease-free survival between the two cohorts (35.5% vs 33.6% in the laparoscopic and open approaches respectively, P = 0.8)[33]. Comparable results were noted in overall survival rates, Cheung and colleagues noted 76.6% 5-year disease free in the LR cohort compared to 57.0% in the open cohort (P = 0.142)[23].

DISCUSSION
This review presents a summary and meta-analysis of intraoperative and postoperative outcomes of patients with known cirrhosis undergoing resection for HCC, comparing results for open and laparoscopic approaches. It suggests that a laparoscopic approach, compared to open surgery, may result in improved short-term outcomes in the form of wider resection margins, reduced intraoperative blood loss and need for transfusions, as well as reduced morbidity rates and shorter lengths of stay.

Laparoscopic techniques are known to provide reduced surgical trauma compared to open approaches and is associated with a reduction in postoperative pain, morbidity and in-hospital length of stay[35]. Laparoscopic surgery is now common practice for many oncological resections and has been shown to help with enhanced post-operative recovery, widened tumour margins and reduced intraoperative haemorrhage[36].

With the rapid development of surgical procedures and equipment for laparoscopic hepatic surgery[37], minimally invasive surgery is now common practice for liver surgery. This study suggests that the advantages of laparoscopy also apply in patients with known cirrhosis.

The progression of laparoscopic hepatic procedures, it has been suggested, has proceeded at a slower rate compared to other surgical procedures due to the perceived technical difficulties associated with maintaining haemostasis at the transection plane[38]. Though the main indication noted for conversion to open in the studies reviewed was due to uncontrollable haemorrhage, this review discounts the belief that a laparoscopic approach will lead to greater blood loss compared to the open technique. The meta-analysis presented here demonstrated significantly reduced volumes of blood loss in the LR cohort compared to open (SMD of -1.01, 95%CI: -1.23-0.79, P < 0.001). This could possible be related to the laparoscopic surgery allowing for smaller incisions to perform the operation, as well as the development of high-definition laparoscopic devices which allow magnification, enable the surgeons to obtain a decent view for performing haemostasis[23].

Additionally, due to the complex vasculature, clotting abnormalities and development of ascites, laparoscopic resection in cirrhotic livers has taken longer to receive endorsement by the wider surgical community. This review, however, suggests that laparoscopic surgery for HCC in cirrhotic livers is safe. Moreover, it suggests that laparoscopic procedures may, in fact, also provide oncological benefits compared to open approach. In a recent study by Shi and colleagues, it was shown that a resection margin of 2 cm provided better long-term outcomes for HCC compared to the traditional 1 cm[39]. The results of this meta-analysis have shown that surgeons performing laparoscopic procedures returned wider histological tumour margins following resection when compared to the open approach. Similarly to laparoscopic surgery resulting in reduced blood loss compared to the open approach, laparoscopic surgery, through high definition magnification, may provide easier assessment of affected tissue and aid the surgeon to resect a tumour-free wide margin. This can further be aided through the routine use of laparoscopic ultrasound during laparoscopic resection[40]. Moreover, reduced blood loss leads to a reduced need for transfusion in the laparoscopic approach when compared to the open technique. The post-operative recovery appears to be quicker in the LR cohort as indicated by reduced lengths of stay as well as reduced morbidity compared to open resection. Not only does this benefit patient outcomes and recovery, but also benefits healthcare systems economically by reducing the length of stay and cost of care.

There are limitations to this review which must be considered. To date, there have only been a small number of studies comparing laparoscopic hepatic resection for HCC specifically in patients with cirrhosis, with a lack of randomised trials. Though there was no reported significant difference in tumour size or patient demographics in the assessed studies, this cannot rule out the possibility of selection bias. Furthermore, the size of the cohort samples was relatively small, reducing the quality of conclusions reached. The quality of the studies included, assessed using the NOS was of moderate standard. As all studies were nonrandomised cohorts from single centres, an element of surgeon and selection bias is possible-affecting the potential generalisability of results. Further studies, with longer-term follow-up, are required to assess long-term outcomes and disease free survival for this patient cohort. Furthermore, the fact that all included studies were cohort studies, rather than randomised trials, incurs a risk of selection bias. It is possible that certain factors, such as a tumour’s anatomic location, may have influenced the choice of procedure. However, this was not commented upon by any of the included studies, which also controlled for other tumour-related factors such as size and staging to reduce bias risk.

Although higher quality data is desirable, the currently available data suggests that laparoscopic resection of HCC in cirrhotic patients is safe and potentially provides better outcomes for patients when compared to the open approach. In the modern surgical society, laparoscopic and minimally invasive surgery has become the gold standard for many surgical procedures. Similar to other areas of surgery, this review indicates that a laparoscopic approach to hepatic resection in cirrhotic patients should be considered as standard care.

COMMENTS
Background

Laparoscopic surgery for hepatic procedures has been slow to develop. Initially introduced for staging procedures, it has now been implemented for uncomplicated liver resections in hepatocellular carcinoma (HCC).

Research frontiers

Laparoscopic surgery is now common practice for many oncological resections and has been shown to help with enhanced post-operative recovery, widened tumour margins and reduced intraoperative haemorrhage.

Applications

In the modern surgical society, laparoscopic and minimally invasive surgery has become the gold standard for many surgical procedures. Similar to other areas of surgery, this review indicates that a laparoscopic approach to hepatic resection in cirrhotic patients should be considered as standard care.

Peer review

Authors reviewed the currently available literature comparing laparoscopic to open resection of HCC in patients with known liver cirrhosis. This review suggests that laparoscopic resection of hepatocellular carcinoma in patients with cirrhosis is safe and may provide improved patient outcomes when compared to the open technique. It has important guiding significance on the clinical treatment of HCC in patients with known liver cirrhosis.
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Figure 1  Flow chart illustrating summary of literature search results.
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Figure 2  Forest plot comparing tumour margins following open and laparoscopic approaches, standard mean difference with 95%CI, P = 0.011. I2 measure of heterogeneity 0.0%, P = 0.631. SMD: Standard mean differences.
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Figure 3  Forest plot comparing blood loss following open and laparoscopic approaches, standard mean difference with 95%CI, P < 0.001. I2 measure of heterogeneity 96.2%, P < 0.001. SMD: Standard mean differences.
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Figure 4  Forest plot comparing relative risk of blood transfusions following open and laparoscopic approaches, 95%CI, P < 0.001. I2 measure of heterogeneity 0.0%, P = 0.845.
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Figure 5  Forest plot comparing standard mean difference of operative times following open and laparoscopic approaches, with 95%CI, P = 0.142. I2 measure of heterogeneity 24.2%, P = 0.266. SMD: Standard mean differences.
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Figure 6  Forest plot comparing relative risk of post-operative morbidity following open and laparoscopic approaches, with 95%CI, P < 0.001. I2 measure of heterogeneity 41.1%, P = 0.165.
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Figure 7  Forest plot comparing standard mean difference of length of stay following open and laparoscopic approaches, with 95%CI, P < 0.001. I2 measure of heterogeneity 59.8%, P = 0.058. SMD: Standard mean differences.


Table 2  Risk of bias using the Newcastle-Ottawa Scale


Study


�
Selection


�
Comparability


�
Outcome


�
�
�
�
Representativeness of exposed cohort


�
Selection of non-exposed cohort


�
Exposure


�
Outcome of interest not present at start


�
Comparability of laparoscopic vs open


�
Assessment of outcome


�
Follow-up


�
Adequacy of follow-up/missing data


�
Score


�
�
Kanazawa et al[18]


�
Truly representative


�
Same


�
Surgical records


�
Yes


�
No restrictions, not matched


�
Record linkage


�
5 yr


�
Unclear


�
7


�
�
Cheung et al[23]


�
Truly representative


�
Same


�
Surgical records


�
Yes


�
No restrictions, matched


�
Record linkage


�
5 yr


�
None


�
8


�
�
Truant et al[33]


�
Truly representative


�
Same


�
Surgical records


�
Yes


�
Restricted to subcapsular tumours located in the anterior or lateral segments Ⅱ-Ⅵ, matched


�
Record linkage


�
5 yr


�
Unclear


�
7


�
�
Belli et al[32]


�
Truly representative


�
Same


�
Surgical records


�
Yes


�
Restricted in exophytic or subcapsular tumours, no matching


�
Record linkage


�
3 yr


�
Unclear


�
7


�
�









�





Table 1  Summary of characteristics of included studies


Study


�
Study type


�
Procedure


�
n (LR)


�
n (OR)


�
Age (lap)


�
Age (open) (yr)


�
M:F (lap)


�
M:F (open)


�
Conversion to open


�
CP A:B ratio (lap)


�
CP A:B ratio (open)


�
�
Kanazawa et al[18]


�
Cohort comparison


�
Single or multiple resection


�
28


�
28


�
69 (40-85)


�
68 (47-78)


�
16:12


�
17:11


�
10.7%


�
20:8


�
21:7


�
�
Cheung et al[23]


�
Cohort with case-matched controls


�
Single resection


�
32


�
64


�
59.5(39-79)


�
61(29-82)


�
22:10


�
50:14


�
18.8%


�
32:0


�
62:4


�
�
Truant et al[33]


�
Cohort with case-matched controls


�
Single or multiple resection


�
36


�
53


�
60.6 +/- 10.2


�
63.3 +/- 7.6


�
31:5


�
47:6


�
19.4%


�
A only


�
A only


�
�
Belli et al[32]


�
Cohort comparison


�
Single or multiple resection


�
54


�
125


�
63.3 +/- 6.1


�
61.5 +/- 7.8


�
31:23


�
78:47


�
7%


�
49:5


�
117:8


�
�
LR: Laparoscopic resection; OR: Open resection; CP: Childs-Pugh.








