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Abstract

AIM: To study whether central hepatectomy (CH) can achieve similar overall patient survival and disease-free survival rates as conventional major hepatectomies or not.
METHODS: A systematic literature search was performed in MEDLINE for articles published from January 1983 to June 2013 to evaluate the evidence for and against CH in the management of central hepatic malignancies and to compare the perioperative variables and outcomes of CH to lobar/extended hemihepatectomy. 

Results: A total of 895 patients were included from 21 relevant studies. Most of these patients who underwent CH were a sub-cohort of larger liver resection studies. Only 4 studies directly compared Central vs hemi-/extended hepatectomies. The range of operative time for CH was reported to be 115 to 627 min and Pringle’s maneuver was used for vascular control in the majority of studies. The mean intraoperative blood loss during CH ranged from 380 to 2450 ml. The reported morbidity rates ranged from 5.1% to 61.1%, the most common surgical complication was bile leakage and the most common cause of mortality was liver failure. Mortality ranged from 0.0% to 7.1% with an overall mortality of 2.3% following CH. The 1-year overall survival (OS) for patients underwent CH for hepatocellular carcinoma ranged from 67% to 94%; with the 3-year and 5-year OS having a reported range of 44% to 66.8%, and 31.7% to 66.8% respectively. 
Conclusion: Based on current literature, CH is a promising option for anatomical parenchymal-preserving procedure in patients with centrally located liver malignancies; it appears to be safe and comparable in both perioperative, early and long term outcomes when compared to patients undergoing hemi-/extended hepatectomy. More prospective studies are awaited to further define its role. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Central hepatectomy; Segment orientated liver resection; Mesohepatectomy; Middle hepatic lobectomy; Central bisegmentectomy

Core tip: Central hepatectomy, defined as anatomical segment 4, 5, 8 liver resection, is a promising parenchymal-preserving procedure in patients with centrally located liver malignancies. Based on current evidence, it appears to be safe and comparable in both perioperative, early and long term surgical and oncological outcomes when compared to patients undergoing traditional resections such as hemi-/extended hepatectomy. 
Lee SY. Central hepatectomy for centrally located malignant liver tumors: A systematic review. World J of Hepatol 2014; In Press

Introduction
Surgical resection is the optimal treatment of choice and potential cure for most malignant tumors of the liver if possible
 ADDIN EN.CITE 
[1,2]
. With recent improvements in surgical techniques of liver resection, anesthesia and postoperative care, morbidity ranges from 5% to 25% and mortality has improved significantly and has approached zero
 ADDIN EN.CITE 

[3-6]
. Centrally located malignancies of the liver such as hepatocellular carcinoma (HCC), Cholangiocarcinoma (CCA) and liver metastases in segments 4, 5, 8 may require extensive resections because of their relationship to major vascular and biliary structures and deep location
 ADDIN EN.CITE 
[7,8]
. Traditionally, these centrally located tumors are resected by major resections such as right, left, extended right or extended left hemihepatectomies. Extended or anatomical resections are recommended for oncological reasons; however, these carry a risk of not only significant blood loss, longer operative time but also postoperative liver failure in patients with cirrhosis or poor liver functional reserve or even in patients without cirrhosis
 ADDIN EN.CITE 

[9-11]
. Non-anatomical resection is an alternative approach for parenchymal preservation, but it is hindered by intraoperative hemorrhage and betrays oncological principles evident by higher rates of margin positivity and poorer survival outcome
 ADDIN EN.CITE 
[12,13]
. With the perpetual lack of donor organs, long waiting time, along with other limitations of liver transplantation, anatomical parenchymal-preserving procedures have an increasing role in treatment of primary and secondary liver malignancies[14]. 
Central hepatectomy (CH), also known as mesohepatectomy, was first performed for gallbladder cancer in 1972 and is used to describe the operative procedure to resect segments 4, 5, 8 ± 1 (Figure 1)
 ADDIN EN.CITE 
[15-20]
. Other synonymous terms used in the literature include central hepatic resection, middle hepatectomy, middle hepatic lobectomy, central bisegmentectomy and central bisectionectomy
 ADDIN EN.CITE 
[20-27]
. Regardless of the technical term used, the principle behind this procedure is the same and was not commonly carried out till more recently. In the Brisbane Terminology of Liver Anatomy and Resections by the International Hepatopancreatobiliary Association (IHPBA) in 2000, there was no definition of this surgical procedure
 ADDIN EN.CITE 
[15,16]
. 
The theoretical risks of CH compared to traditional major liver resections such as extended- or hemihepatectomy are obvious. These include a longer operating time, greater intraoperative blood loss, higher risk of biliary and vascular complications, all mainly attributed to the proximity to the hilar structures and the presence of 2 significant resection planes instead of a single plane. Despite this, previous reports showed that CH is safe and achieves comparable complication rates and overall survival rates as conventional major hepatectomies but harbors the advantages of: (1) Preserving liver parenchyma with the aim of decreasing the risk of postoperative liver failure; (2) No proven oncological compromises as long as margins are negative and adequate; and (3) Increases the opportunity for future repeat resection, if warranted, in cases of recurrent malignancies such as colorectal or neuroendocrine liver metastases
 ADDIN EN.CITE 
[7,8,22,23,25]
. 
The current literature directly comparing patients undergoing extended hemi-hepatectomy and CH is lacking
 ADDIN EN.CITE 
[9,15,17,23,25]
. There is only one study in the current literature with more than 100 patients (Table 1)


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[3,7-9,17-20,22,23,27-38]
. The aim of this review is to analyze and compare the perioperative, early and long- term results of patients with centrally located liver malignancies, between those treated with CH and those treated with hemi-/extended hepatectomy.

MATERIALS AND METHODS

A systematic literature search was performed in MEDLINE (PubMed) from January 1983 to June 2013 to evaluate the evidence supporting CH as a safe procedure for the management of central hepatic tumors and to compare the perioperative, short and long term results of CH to extended/lobar hemihepatectomy. The search used the following medical subgroup headings (MeSH) terms combined with Boolean operators: mesohepatectomy, central hepatectomy, central liver resection, segmentectomy, bisegmentectomy, central trisegmentectomy, bisectionectomy, segmental liver resection and segment oriented liver resection. References of the identified articles were reviewed to identify additional relevant studies. Only full articles published in the English language reporting a series of more than 10 cases were included in the review and effort was made to exclude studies with significant overlap of the same patient cohorts. The literature search was conducted according to PRISMA (preferred reporting items for systematic reviews and meta-analyses) recommendations(Figure 2)[39]. Definitions and nomenclature for liver resections was based on the 2000 IHPBA Brisbane terminology
 ADDIN EN.CITE 
[15,16]
. Namely, resection of segments 5 and 8 was named right anterior sectionectomy, while resection of segments 4a and 4b was named left medial sectionectomy. The procedure of segments 4, 5 and 8 resection has now predominantly been termed central hepatectomy or mesohepatectomy
 ADDIN EN.CITE 
[9,14,17]
. 
When calculating the overall morbidity and mortality, this was calculated as the number of events reported as a percentage of the total number of patients in included studies. In considering individual complications, the number of events or incidences was calculated as a percentage of the total number of complication events in which this data was available. Weighted means were calculated when outcomes were expressed as a mean value. 
Results 

A literature search on MEDLINE (PubMed) and review of references of relevant articles yielded a total of 90 articles on central hepatectomy after exclusion of irrelevant articles (Figure 2). Of these, 22 articles were published in English and included more than 10 patients. Of these, one study was excluded from analysis because results of these patients were also reported in a later series by the same author
 ADDIN EN.CITE 
[17,40]
. Three articles by Chen et al
 ADDIN EN.CITE 
[7,18,34]
 reported on patients undergoing CH at a single institution with overlapping study periods, with the latest 2008 study of 256 patients constituting the largest reported series of CH at a single institution to date. Of the 21 articles included for analysis, 3 studies were comparative studies between 2 different methods of vascular control during CH, 4 studies compared the results of CH vs conventional forms of hepatectomies (hemi- or extended hemihepatectomy), 1 looked at results of CH in patients who had pre-operative transarterial chemoembolization (TACE) as compared to those who did not have preoperative TACE and 1 compared the outcomes of patients who had huge HCC of 10 cm or greater in size, as to compared to that of HCC measuring 5 to 10 cm
 ADDIN EN.CITE 
[19,34,38]
. The remaining papers were descriptive and non-comparative studies. The results of these 21 studies, including number of patients, operative time, method of vascular control, operative blood loss, mortality, morbidity and survival data (where available) are summarized in Table 1. The 4 studies which compared the outcomes of CH vs conventional hepatectomies are summarized in Table 2. 
Study characteristics and operative details

A total of 1259 patients from 21 studies were reported after undergoing CH in the literature. However, after excluding studies with potential repeat patients (due to recruitment with significant overlapping study periods at a single institution), a total of 895 unique patients who had CH were obtained. The indication for central hepatectomy was detailed in 14 studies comprising a total of 659 patients. The main indication for CH was HCC, occurring in 565 patients (85.7%), but was also performed in conditions such as centrally-located liver metastases which accounted for 58 cases (most commonly colorectal in origin). Other diagnoses included CCA/ gallbladder carcinoma (25 cases), hepatic sarcoma (1 case), hemangiomas (2 cases) and occasionally for other benign lesions (4 cases). 
The range of operative time for CH was reported to be 115 to 627 min, and Pringle’s maneuver was used for vascular control in the majority of studies. The mean intraoperative blood loss during CH ranged from 380 to 2450 ml. 

Mortality and morbidity

Data on mortality was available in 16 articles with mortality rates ranging from 0.0% to 7.1%. In nearly half of these studies (7 studies) had zero postoperative mortality following CH. A total of 16 deaths in 17 unique studies comprising 689 patients have been reported, giving an overall mortality of 2.3% following CH. The most common cause of death following CH was liver failure. Concomitant contributing factors that have been reported included sepsis, pneumonia, post-operative bleeding, disseminated intravascular coagulopathy and multi-organ failure. Data on complications following CH were available in 15 studies, with reported morbidity rates ranging from 5.1% to 61.1%. After excluding repeat studies, there were a total of 187 patients reported to have morbidity following CH, out of a total of 680 patients. This gave an overall complication rate of 27.5% (including early and late complications) following CH. A detailed breakdown of the type of complications experienced was available in 13 studies, which accounted for a total of 200 complication events. The most commonly reported surgical complication was bile leakage or biloma formation, which accounted for 18% (36 events) of all complications reported. Bile leakage resolved with conservative treatment in the majority of cases. Other surgical complications reported included wound infection, intra-abdominal abscess, intra-abdominal bleeding/hematoma, and intestinal perforation. Medical complications described following CH included transient hepatic dysfunction/prolonged jaundice/liver failure, ascites, pneumonia/pulmonary infection, pleural effusion/empyema, urinary tract infection, fever, upper gastrointestinal bleeding, renal failure, stroke and deep vein thrombosis (Table 3).
Overall survival

Overall survival (OS) data was available in 8 studies
 ADDIN EN.CITE 
[7,8,17,23,27,32,34,37]
. Median survival for HCC treated with CH was reported in 2 studies: this was 34 mo in Hasegawa et al[27] (patient diagnosis included both HCC and colorectal liver metastases) and 51 mo in Hu et al
 ADDIN EN.CITE 
[23] and Hasegawa et al[27]
 (HCC patients only), Wu et al[17] reported a 6-year OS of 30% (HCC, CCA and other liver metastases) ; Chen et al
 ADDIN EN.CITE 
[17,34]
 reported a 5-year OS of 31.7% in the group of patients with HCC who did not have preoperative TACE, as compared to the group who had TACE prior to CH with a significantly better 5-year OS of 46.2% (p = 0.043). Overall, the CH group for HCC had 1-year OS ranging from 67% to 94%, with 3-year and 5-year OS having a reported range of 44% to 66.8%, and 31.7% to 66.8% respectively.
Disease-free survival
Seven studies reported disease-free survival
 ADDIN EN.CITE 
[7,8,17,23,34,35,37]
. The median Disease-free survival (DFS) in Hu et al[23] was 23 mo for HCC. In the remaining HCC studies with DFS data, the range for 1-, 3- and 5-year DFS was 50% to 75%, 28.8% to 46.2% and 15% to 31.8% respectively.

Comparative studies of CH vs vs hemi-/extended hepatectomies
Of the 21 studies on CH, 4 of these were case-control studies that compared the outcomes following CH vs hemi- or extended hepatectomies at their institutions (Table 2)
 ADDIN EN.CITE 
[8,17,19,23]
. A total of 148 patients underwent CH and 243 had hemi- or extended hepatectomies performed for their disease in these 4 studies. 

Operative time for CH was shown to be not significantly different from that of extended hepatectomies in the series by Hu et al[23] and Wu et al[17], while in 2 studies, Scudamore et al[19] and Cheng et al[8], patients who underwent CH had significantly shorter operative time (238 and 230 min respectively) as compared to extended hepatectomies (304 and 316 min respectively). The overall weighted mean operative time in these 4 studies for CH was 268 min vs 299 min for lobar/extended hemihepatectomy. Also, significantly less blood loss was experienced in CH as compared to extended hepatectomies in Cheng et al[8] (500 mL in CH vs 750 mL for extended hepatectomies, p = 0.004) and in Scudamore et al[19] (917 mL vs 1628 mL, p = 0.009). The overall weighted mean intraoperative blood loss in these 4 studies for CH was 882 ml vs 1352 ml for lobar/extended hemihepatectomy.
The morbidity rates between CH and hemi-/extended hepatectomy groups were also not significantly different individually in these studies, with the exception of late complications in Scudamore et al[19] which was studied as a subgroup. In study by Scudamore et al[19], the rate of late complications in extended hepatectomies (20.9%) was found to be higher than that in CH or lobar hepatectomies (p < 0.05). The overall morbidity in our review of CH was comparable: 20.9% (range: 20% to 66.7%) for CH vs 38.7% (range: 20% to 66.7%) for the hemi-/extended hepatectomy group. There was no statistically significant difference in mortality of patients who underwent CH and hemi/extended hepatectomy groups in any of the 4 studies. Notably, there was zero mortality in 3 out of 4 CH groups, however, there was mortality in the corresponding control groups (hemi-/extended hepatectomy). The overall mortality in the 2 groups were also similar: 3.4% (range: 0.0% to 7.9%) for CH group vs 2.9 % (range: 0.0% to 7.3%) for the hemi-/extended hepatectomy group (Table 2).
Discussion

Advances in imaging technology have contributed to the improvements in the understanding of liver anatomy that is based on functional segmental anatomy and forms the foundation for segment-orientated liver surgery
 ADDIN EN.CITE 
[9,12]
. Central hepatectomy removes most or the entire left medial sector (segments 4a and 4b) and all or most part of the right anterior sector (segments 5 and 8) with or without segment 1 (Figure 1). It represents an alternative and attractive option for those patients with limited functional liver reserve especially those with liver cirrhosis or those with chemotherapy associated steatohepatitis, because it removes the tumor-bearing segments in entirety while preserving the rest of the liver without necessarily compromising on recurrence or survival outcome
 ADDIN EN.CITE 
[9,41]
. 

In the presence of a large and/or a deep seated tumor located in the central part of the liver (Couinaud segments 4, 5, 8), the resection is more technically challenging due to its proximity to important hilar structures. Central hepatectomy is more surgically daedalean than the conventional anatomical major liver resection because it has 2 resection planes instead of one, the need for preservation of the bilateral peripheral segments and its vasculature and the potential need for 2 bilioenteric anastomoses (e.g. for perihilar CCA). It involves the resection of liver territory drained by the middle hepatic vein (HV) along 3 lines of transection planes: the right intersectional plane (to the left of the Right HV), the left intersectional plane (falciform ligament) and the coronal transection plane being above the hilum and anterior to the right posterior sectoral pedicle, the root of the middle HV vein is divided at the bottom of the right and left plane of the parenchymal division; as such, it may require longer vascular occlusion time and alternative pedicle clamping may be required (Figure 1)
 ADDIN EN.CITE 
[22,25,31]
. This is especially pertinent in a cirrhotic liver for parenchymal preservation to minimize the risks of post-operative liver failure. Injury or improper division of these important structures during parenchymal division in CH may result in ischemia or necrosis of the residual peripheral liver leading to liver failure and increased mortality[23]. 
Preoperative evaluation of hepatic functional reserve includes clinical assessment, liver function test, platelet count, coagulation profile and Child-Pugh classification[14]. The Indocyanine Green (ICG15) test has been found to be helpful in predicting the safe limit of liver resection along with Computed tomography (CT) volumetric evaluation of the adequate remnant liver volume to minimize post-hepatectomy liver failure[14]. For patients with chronic liver cirrhosis being considered for major resection (≥ 3 segments), pre-operative portal vein embolization (PVE) is a reasonable option to hypertrophy the future liver remnant to minimize risk of post-operative liver failure[14]. Ipsilateral PVE is a feasible preoperative strategy facilitating extended or staged resections, however, with centrally located tumors it is often difficult to determine which side of the portal vein should be embolized; in addition, livers with limited functional reserve will also have lower than expected response to PVE, further limiting its role[42]. 
Does the preservation of an extra 20% to 25% of liver (40% to 60% parenchymal resection by CH vs 60% to 85% resection by extended/lobar hemihepatectomies) justify the increased technical demands of CH? Liver surgery has evolved significantly in past decades. Increased cumulative experience in hepatectomy, improved techniques such as different techniques of vascular occlusion(e.g. Pringle’s, total vascular occlusion, sequential vascular occlusion) and the liver hanging maneuver, aided by the advent of advanced surgical technology such as the cavitational ultrasonic surgical aspirator (CUSA, Integra LifeSciences Corporation) and various energy devices (e.g. LigaSure™, Covidien Ltd; Aquamantys®, Medtronic Advanced Energy; Harmonic Scalpel™, Ethicon Endo-Surgery, Inc. Johnson and Johnson Medical Ltd) during liver resection, surgical morbidity and mortality rates have declined markedly as compared with historic data
 ADDIN EN.CITE 
[4,14,23,43-48]
. Major vessels and bile ducts in the resection plane can be well visualized, skeletonized, and controlled meticulously during division of the liver parenchyma with these devices (CUSA, LigaSure™, Aquamantys®, Harmonic Scalpel™) as an adjunct to traditional methods such as Kelly clamps, surgical clips and staples. The additional routine use of intraoperative ultrasonography further allows the major vessels and intrahepatic bile ducts to be identified and controlled confidently, as a result, minimizing unexpected major blood loss from vessel injury and avoiding major bile duct injuries[49]. In view of the complexity of CH, sequential or alternative hemihepatic vascular control has been advocated by some authors to minimize clamping time i.e. warm ischemic time of the remnant liver. Arkadopoulos and colleagues demonstrated in a recent study looking at CH comparing 16 patients with selective hepatic vascular exclusion (Pringle’s maneuver with hepatic vein outflow occlusion) vs 20 patients with sequential hemihepatic vascular control, in which they demonstrated that patients with sequential vascular control received fewer blood transfusions, had less intraoperative blood loss, shorter liver warm ischemic time and lower postoperative transaminitis[36]. Chen et al[18] had similar results when they compared 2 cohorts of patients (n = 58 vs 60) undergoing CH: they demonstrated that utilizing Pringle’s maneuver with IVC occlusion resulted in less blood loss, lower transfusion requirements and less liver damage than Pringle’s maneuver alone. In the hands of experienced hepatobiliary surgeons, operative times were also not increased during these procedures, as seen in our review (Table 2: 256 min in CH group vs 305 min in the lobar/extended hepatectomy group). Application of a modified Belghiti’s liver hanging maneuver (Double liver hanging maneuver) has also been described to help guide the transection planes for CH
 ADDIN EN.CITE 
[45,50]
. These newer techniques make central hepatectomy a feasible and safe procedure, especially in experienced hands
 ADDIN EN.CITE 
[9,23,43,51]
. More recently, central hepatectomy has also been reported to be performed via minimally invasive techniques (laparoscopic or robotic approach)
 ADDIN EN.CITE 
[52-55]
. 
There are 2 main techniques for performing CH. The first involves ligation and division of the central pedicles supplying segment 4, 5 and 8 of the liver segments during liver parenchyma transection under a Pringle’s maneuver, while the second involves extrahepatic individual ligation and division of the vessels supplying the segments 4, 5, and 8 prior to parenchyma transection of the liver with or without temporary total hepatic inflow/outflow occlusion
 ADDIN EN.CITE 
[55,56]
. 
Stratopoulos and colleagues in 2007 performed a literature review of major series of central hepatectomies[9]. That review encompassed studies published till 2006, and this current review expands on those studies and includes more recent publications on this topic. The surgical mortality rate reported in this earlier review was between 0% and 6.25%. Our review revealed similar mortality rates of 0% to 7.1 % with an overall mortality rate of 2.3%. Consistent with our review, Stratopoulos et al[9]’s review reported that the most common cause of perioperative death was liver failure followed by hemorrhage. In our review, the most common surgical complication was bile leak/biloma. Postoperative early morbidity rates were as high as 61% contributed in most part by surgical events such as bile leakage/biliary fistula, hemorrhage/intra-abdominal hematoma, wound infection, intra-abdominal abscess and intestinal perforation as well as medical complications such as liver failure/dysfunction leading to ascites and hepatic encephalopathy, pulmonary infection/pleural effusion/empyema, urinary tract infection, sepsis, upper gastrointestinal bleeding, renal failure, stroke and deep vein thrombosis. 
Biliary leakage is one of the most frequently reported intra-abdominal complications after liver resection
 ADDIN EN.CITE 
[30,46,57-59]
. The rate of bile leakage in the literature after liver resection has been reported to range from 0% to 11%
 ADDIN EN.CITE 
[23,47,48,60-62]
. In hepatectomy without bilioenteric anastomosis, the principal causes of bile leakage are bile oozing from the transected liver surface and intraoperative biliary injury. There are reports that identified central hepatectomy as an independent risk factor for bile leakage because of the presence of two transection planes and exposure of the hepatic hilum
 ADDIN EN.CITE 
[30,57]
. In the 4 comparative studies comparing CH vs lobar or extended hemihepatectomies, there were no statistically significant differences in bile leak. 
In previous reports, CH has been associated with a higher risk of bleeding than conventional major resections
 ADDIN EN.CITE 
[17,33]
. Our review revealed that median intraoperative blood loss during CH ranged from 380 to 2450 mL, which is comparable in large liver resection series with major conventional resections
 ADDIN EN.CITE 
[3,4,63]
. 
Most of the patients with reported survival data in this review underwent CH for diagnosis of HCC. The 1-year OS for these patients ranged from 67% to 94%, with 3-year and 5-year OS having a reported range of 44% to 66.8%, and 31.7% to 66.8% respectively. This is comparable to the results from a recent review of survival outcomes looking at 17 studies with more than a total 13000 patients with HCC treated by liver resection, they reported a 1- year survival rate ranging from 67% to 97%, a 3- year survival rate ranging from 34% to 84% and a 5-year survival rate of 17 to 72% was reported
 ADDIN EN.CITE 
[14,64]
. A recent study on CH for HCC by Jeng et al[41] reported that even with narrow margins (< 5 mm) after CH, there was no negative impact on recurrence and overall survival. Conversely, Nagino et al[65] recently commented in a review of over three decades of their experience in the evolution of surgical treatment for perihilar CCA; they reported that limited resections such a CH for perihilar CCA decreased significantly from almost 30% to less than 3% over almost 4 decades with a corresponding improved survival due to more R0 resections from extended resections. The role of CH for central HCC and perihilar CCA remains to be defined.  
Because of the breadth of the current review and the limited available literature of CH as a procedure, the types of studies and the highly descriptive nature of much of the data reviewed, no assessment of the grade quality of individual studies or presence of bias and confounders were performed in this review. These studies have inherent selection biases and there is a degree of publication bias as well that is not avoidable due to the retrospective nature of these studies. In addition, because of the lack of high-level evidence and prospective or randomized studies, no objective grading was performed for any specific intervention. The oncological outcomes of HCC in these studies of CH are generalized and not conclusive when compared to HCC undergoing conventional resections due to the lack of detailed clinical and pathological data and risk factors in these studies that determines prognosis and provide strong valid comparison. The literature search was limited to English-language studies within the defined search period and included more recent papers in the past decade that remain highly relevant today. The review nonetheless serves as an updated collection and summary of the cumulative experiences in this relatively novel procedure and approach to segment-orientated liver resection. 
Further high-quality and prospective studies with large sample sizes or randomized controlled trials to ascertain the utility and feasibility of central hepatectomy would be important in defining its role in the treatment of centrally-located liver tumors. 
In conclusion, this review shows that central hepatectomy can achieve similar overall patient survival and disease-free survival rates as conventional major hepatectomies. Our findings suggest that central hepatectomy may be considered an acceptable procedure for treatment of centrally located malignances and may be the procedure of choice in patients with compromised liver function. It has the advantages of preserving parenchyma and seemingly without oncological compromise however, validation of CH as an oncologically safe procedure requires further prospective studies. 
comments

Background

Central hepatectomy has similar perioperative outcomes with lobar and extended liver resections and achieves similar overall patient survival and disease-free survival rates as conventional major hepatectomies. Current evidence suggests that central hepatectomy may be considered an acceptable procedure for treatment of centrally located malignances and may be the procedure of choice in patients with compromised liver function.

Research frontiers

More prospective studies including randomized controlled trials need to be conducted to validate the procedure as an oncologically equivalent and safe operation, specific to different cancer such as hepatocellular carcinoma and colorectal liver metastases, when compared to standard, traditional hepatectomy

Innovations and breakthroughs

Improved surgical and anesthesia experience and better technology has improved the morbidity and mortality of major liver resection and paved the way for safe parenchymal preserving surgery especially in patients with limited liver reserve. 

Applications 

Central hepatectomy may be applicable in selected patients with central tumors where parenchymal preserving surgery is indicated or preferred. 
Terminology

Central hepatectomy (CH), also known as mesohepatectomy or central liver resection is used to describe the operative procedure for anatomical liver resection of segments 4, 5, 8 ± 1. 
Peer review

In the present manuscript the authors performed a meta-analysis to evaluate the implication of CH for the management of central hepatic malignancies and to compare the perioperative, short and long term results of CH to lobar/extended hemihepatectomy. The authors concluded that CH is a promising option for anatomical parenchymal preserving procedure in patients with centrally located liver malignancies; it is safe and comparable in both perioperative, early and long term outcomes when compared to patients undergoing hemi-/extended hepatectomy.  
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Figure 1 Central hepatectomy-segment orientated resection. Couinaud segments are labeled 2-8; Caudate lobe (Segment 1) is not labelled in this diagram. here) Area shaded blue are the Central segments of 4, 5, 8 which are the segments resected in Central hepatectomy (CH). Red rings indicate where the vascular outflow is encountered and ligated during CH. 
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Figure 2 Identification and screening of articles according to preferred reporting items for systematic reviews and meta-analyses recommendations.
Table 1 Characteristics and results of studies on central hepatectomy ( 1983 -2013) n (%)
	Ref.
	Year
	n
	Diagnosis 
	Operative time (min)
	Vascular control
	Blood loss (ml)
	Morbidity 
	Mortality
	Survival Outcome

	Hasegawa et al[27]
	1989
	16
	HCC, CRM
	300 -660
	Pedicle occlusion
	600-7500
	7 (50)
	1 (6)
	Median OS 34 mo
	

	Makuuchi et al[28]
	1993
	17
	HCC, CCA, CRM
	412
	NA
	1482
	7 (41.1)
	1 (5.8)
	NA
	

	Nagino et al[29]
	1998
	15
	Hilar CCA
	NA
	NA
	NA
	NA
	NA
	NA
	

	Wu et al[17]
	1999
	15
	HCC
	474
	Pringle’s maneuver or pedicle occlusion
	2450
	3 (20)
	0 (0)
	1-yr OS 67% 

3-yr OS 44%

6-yr OS 30%
	1-yr DFS 53%

3-yr DFS 31%

5-yr DFS 21%

	Scudamore et al[19]
	2000
	18
	HCC, CRM, GBC
	238
	Pringle’s maneuver
	914
	11 (61.1)
	0 (0)
	NA
	NA

	Yamashita et al[30]
	2001
	16
	HCC, CCA, metastases, hemangioma, others
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Jarnagin et al[3]3
	2002
	15
	Benign and malignant lesions
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Wu et al[22]
	2002
	58
	HCC, CCA, metastases
	409
	Total hepatic flow clamping (28 patients)
	1685
	8 (8.5)
	0 (0)
	NA
	NA

	
	
	
	
	399
	Selective clamping of ipsilateral blood flow (30 patients)
	1159
	10 (33.3)
	0 (0)
	NA
	NA

	Hu et al[23]

	2003
	52
	HCC
	265
	NA
	1030
	9 (17)
	0 (0)
	Median OS 51 months
	Median DFS 

23months

	Chouillard et al[31]
	2003
	19
	HCC, metastases, CCA, benign tumor
	280
	Pringle’s maneuver +/- hepatic vein clamping 
	NA
	NA
	0 (0)
	NA
	NA

	Chen et al[18]1
	2006
	118
	HCC
	128
	Pringle’s maneuver +/- IVC occlusion
	592
	36 (30.5)
	1 (0.8)
	NA
	NA

	Kim et al[32]
	2006
	35
	HCC, CCA, hepatic sarcoma
	331
	Extraglissonian approach and parenchymal Kelly crushing


	516
	2 (5.7)
	1 (2.8)
	1-yr OS 94%

2-yr OS 72% 

5-yr OS 62%
	NA

	Giuliante et al[33] 
	2007
	18
	HCC, metastases
	448
	Intermittent pedicle clamping 
	NA
	6 (33.3)
	0 (0)
	NA
	NA



	Chen et al[34]1
	2007
	246
	HCC
	177 (with preoperative TACE)
	Pringle’s maneuver +/- IVC control
	790
	31 (34.8)
	3 (3.4)
	 1-yr OS 87.1%

3-yr OS 62.9% 

5-yr OS 46.2%
	1-yr DFS 75%

3-yr DFS 46.2%

5-yr DFS 31.8%

	
	
	
	
	115 (without)
	
	420
	38 (24.2)
	1 (0.6)
	1-yr OS 82.2%

3-yr OS 54.4% 

5-yr OS 31.7%
	1-yr DFS 69.6%

3-yr DFS 38%

5-yr DFS 16.5%

	Chen et al[7]1
	2008
	256
	HCC
	174
	Pringle’s maneuver +/- IVC control
	750 (Pringle only); 380 (Pringle with IVC control)
	72 (28.1)
	1 (0.4)
	1-yr OS 77.0%,

3-yr OS 49.8% 

5-yr OS 35.1%
	1-yr DFS 59.1%

3-yr DFS 28.8%

5-yr DFS 17.0%

	Mehrabi et al[35]
	2008
	48
	HCC, metastases, CCA, GBC, hemangioma, other
	238
	Pringle’s maneuver in 9 patients
	1120
	13 (27.1)
	1 (2)
	NA
	3-yr DFS 47.9%

	Lee et al[20]
	2008
	27
	HCC
	330
	Pedicle ligation 
	1400
	12 (44.4)
	2 (7.9)
	NA
	NA

	Arkadopoulos et al[36]
	2012
	36
	HCC, metastases
	180
	Selective hepatic vascular exclusion/Pringle’s maneuver (16 patients)
	650
	6 (37.5)
	0 (0)
	NA
	NA

	
	
	
	
	150
	Sequential hemihepatic vascular control (20 patients)
	400
	9 (45)
	0 (0)
	NA
	NA

	Gallagher et al[37]
	2012
	21
	HCC
	627
	Intermittent Pringle’s maneuver
	1590
	4 (19)
	1 (4.8)
	1-yr OS 90.5%

3-yr OS 66.8%

5-yr OS 66.8%
	1-yr DFS 65%

3-yr DFS 34.8%

5-yr DFS 34.8%

	Cheng et al[8]
	2012
	63
	HCC
	230
	Pringle’s maneuver
	500
	8 (12.7)
	5 (7.9)
	1-yr OS 87.5%

5-yr OS 53.1%
	1-yr DFS 50%

5-yr DFS 15%

	Yang et al[38]3
	2013
	150
	HCC
	NA
	Pringle maneuver
	NA
	NA
	NA
	NA
	

	Total number 
	
	8952             
	Range
	115-627
	
	380-2450
	Overall morbidity: 27.5% 

(Range: 12.7%- 61.1%)
	Overall mortality: 2.3%

(Range: 0%- 7.1 %)
	
	


1Indicates multiple studies with overlapping study periods from a single institution; 2Total number calculated after excluding studies with repeat patients; 3Limited data available as CH patients were a subset of a larger group of patients undergoing various types of hepatic resections. Overall morbidity and mortality was calculated by considering the number of events as a percentage of the total number of patients in included studies. HCC: hepatocellular carcinoma; CRM: colorectal metastases; CCA: cholangiocarcinoma; GBC: Gallbladder carcinoma; IVC: Inferior vena cava; NA: Not available; OS: Overall survival; DFS: Disease-free survival; TACE: Transarterial chemoembolization. 
Table 2 Summary of case-control studies comparing central hepatectomies and lobar/extended hepatectomies n (%)
	Ref. 
	Year
	Resection type
	n
	Operative time (min)
	Blood loss (ml)
	Mortality
	Morbidity
	Complications (n)

	Wu et al[17]

	1999
	Central hepatectomy
	15
	474
	2450
	0 (0)
	3 (20)
	Bile leak (1), pleural effusion (1), ascites (1)

	
	
	Extended hepatectomy
	25
	348
	1863
	1 (4)
	6 (24)
	Bile Leak (2), pleural effusion (1), ascites (1), prolonged jaundice (2), intra-abdominal abscess (2), wound infection (1)

	
	
	
	p-value
	0.09
	0.23
	0.43
	
	0.99
	-
	

	Scudamore et al[19]

	2000
	Central hepatectomy
	18
	238
	914
	0 (0)
	1Intra (5.5)

9Early (50)

1Late (5.6)
	Intraoperative bleeding (1), pneumonia (2), intra-abdominal fluid collection (2), fever longer than 48 hours (2), transient fever (2), bile leak (1), late intra-abdominal fluid collection (1)

	
	
	Lobar hepatectomy
	71
	222
	1025
	1 (1.4)
	6intra (8.5)

29early (40.8)
 3late (4.2)


	NA

	
	
	Extended hepatectomy
	43
	304
	1628
	0 (0)
	2intra (4.7)

21early (48.9)

9late (20.9)
	NA

	
	
	
	p-value
	< 0.001
	0.009 for extended vs central

-
	-
	0.05 for late complications
	-

	Hu et al[23]

	2003
	Central hepatectomy
	52
	265
	NA
	0 (0)
	9 (17)
	Bile leak (3), pleural effusion (3), 1 postoperative massive ascites (1), subphrenic abscess (1)

	
	
	Conventional or extended hepatectomy
	63
	264
	NA
	2 (3.1)
	12 (19)
	Bile leak (2), wound infection (4), pneumonia (2), liver failure (2), subphrenic abscess (1), pleural effusion (1) 

	
	
	
	p-value
	0.953
	
	0.408
	
	0.491
	
	-

	Cheng et al[8]
	2012
	Central hepatectomy
	63
	230
	500
	5 (7.9)
	8 (12.7)
	Liver failure (2), bile leak (1)1

	
	
	Hemi-/extended hepatectomies
	41
	316
	750
	3 (7.3)
	6 (14.6)
	Liver failure (2), bile leak (1)

	
	
	
	p-value
	< 0.001
	0.004
	1.000
	
	0.777
	
	-

	Total
	Central hepatectomy
	148
	Mean 268
	Mean 882
	3.4% (0%-7.9%)
	20.9% 
(Range: 20%-66.7%)

	
	Hemi-/extended hepatectomies
	243
	Mean 299
	Mean 1352
	2.9% (0%-7.3%)
	38.7% 
(Range: 14.6% -74.4% )


1Other complications described included gastrointestinal bleeding, intra-abdominal hematoma, abscess, intra-abdominal bleeding, pneumonia, wound infection, but did not specify the treatment group in which it occurred. Weighted means were calculated for operative time and blood loss. NA: not available.
Table 3 Type and frequency of complications reported following central hepatectomy

	Type of complication1 
	Number reported (n = 200)
	Frequency (%)

	Surgical complications
	
	

	Bile leakage/ biloma
	36
	18

	Intra-abdominal abscess
	16
	8

	Wound infection
	7
	3.5

	Bleeding
	4
	2

	Intestinal perforation
	1
	0.5

	Medical complications
	
	

	Pleural effusion/empyema
	62
	31

	Ascites
	29
	14.5

	Pneumonia/pulmonary infection
	13
	6.5

	Pulmonary edema
	6
	3

	Fever
	4
	2

	Upper gastrointestinal bleeding
	3
	1.5

	Urinary tract infection
	3
	1.5

	Transient hepatic dysfunction/prolonged jaundice
	3
	1.5

	Hepatic necrosis/liver failure
	3
	1.5

	Acute renal failure
	2
	1

	Stroke
	1
	0.5

	Arrhythmia
	1
	0.5

	Deep vein thrombosis
	1
	0.5

	Other (not specified)
	4
	2


1calculated out of a total of 200 events.
38

