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Abstract
AIM: To evaluate different dicision tree for safe liver resection and verify its efficiency.

[bookmark: OLE_LINK342][bookmark: OLE_LINK343]METHODS: A total of 2457 patients underwent hepatic resection between January 2004 and December 2010 in Chinese PLA General Hospital, and 634 hepatocellular carcinoma (HCC) patients were eligible for the final analyses. Post-hepatectomy liver failure (PHLF) has been identified by the association of prothrombin time < 50% and serum bilirubin > 50 micromol/L (the "50-50" criteria), which were assessed at day 5 postoperatively or later. The Swiss-Clavien decision tree, Tokyo University-Makuuchi decision tree, and Chinees consensus decision tree were adopted to divide patients into two groups based on those decision trees in sequence, and the PHLF rates were recorded.

RESULTS: The overall mortality and PHLF rate were 0.16% and 3.0%. A total of 19 patients experienced PHLF. The numbers of patients to whom the Swiss-Clavien, Tokyo university-Makuuchi, and Chinees consensus decision trees were applied were 581, 573, and 622, and the PHLF rates were 2.75%, 2.62%, and 2.73%, respectively. Significantly more cases satisfied the Chinees consensus decision tree than the Swiss-Clavien decision tree and Tokyo university-Makuuchi decision tree (P < 0.01，P < 0.01); nevertheless, the latter two shared no difference (P = 0.147). The PHLF rate exhibited no significant difference with respect to the three decision trees.

CONCLUSION: The Chinese consensus decision tree expands the indications for hepatic resection for HCC patients and does not increase the PHLF rate compared to the Swiss-Clavien and Tokyo university-Makuuchi decision trees. It would be a safe and effective algorithm for hepatectomy in patients with hepatocellular carcinoma.
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[bookmark: OLE_LINK1196][bookmark: OLE_LINK1154][bookmark: OLE_LINK1155][bookmark: OLE_LINK1322][bookmark: OLE_LINK1044][bookmark: OLE_LINK1224][bookmark: OLE_LINK1225][bookmark: OLE_LINK1634][bookmark: OLE_LINK1635][bookmark: OLE_LINK1762][bookmark: OLE_LINK1763][bookmark: OLE_LINK1764][bookmark: OLE_LINK1939][bookmark: OLE_LINK2194][bookmark: OLE_LINK2878][bookmark: OLE_LINK576][bookmark: OLE_LINK579][bookmark: OLE_LINK580][bookmark: OLE_LINK521][bookmark: OLE_LINK1043][bookmark: OLE_LINK1886][bookmark: OLE_LINK1887][bookmark: OLE_LINK1888][bookmark: OLE_LINK1889][bookmark: OLE_LINK1903][bookmark: OLE_LINK2083][bookmark: OLE_LINK2084][bookmark: OLE_LINK1977][bookmark: OLE_LINK3258][bookmark: OLE_LINK274][bookmark: OLE_LINK275][bookmark: OLE_LINK309][bookmark: OLE_LINK477][bookmark: OLE_LINK462][bookmark: OLE_LINK463][bookmark: _GoBack]Core tip: We have establish a decision tree for safe hepatectomy based on four variables: normal or cirrhotic liver, Child-Turcotte-Pugh score, the indocyanine green retention rate at 15 min, and the ratio of reserved functional liver volume to standard liver volume. Post-hepatectomy liver failure (PHLF) has been identified by the "50-50" criteria. The Chinees consensus decision tree expands the indications for hepatic resection for liver tumor and does not increase the PHLF rate compared to the Swiss-Clavien and Tokyo university-Makuuchi decision trees. The Chinees consensus decision tree would be a safe and effective algorithm for hepatectomy in patients with liver tumor.
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INTRODUCTION
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Hepatectomy and liver transplantation are two curative treatments for liver tumors. Liver transplantation donations are far fewer than the demand in China[1,2]. Hepatectomy is the preferred approach to treating malignant liver cancer. It is a complicated surgery accompanied by high morbidity and mortality, especially for patients with cirrhosis undergoing major hepatectomy. With improvements in technique and peri-operative management, the mortality and complication rates have significantly decreased. Recent studies indicate that the hospital mortality rate is lower than 1%, even approaching zero mortality[3-8]. 
However, post-hepatectomy complications, especially hepatic failure, are still dreadful complications for the surgeon. The incidence rate of hepatic failure is approximately 0%-32% and accounts for 50%-75% of post-hepatectomy mortality. As the mortality rate after hepatectomy significantly decreases, it becomes an important indicator for evaluating the effect of hepatectomy.Based on the actual situations of patients, certain high-volume centers have created complete and effective management strategies and decision trees for safe hepatectomy. Professor Makuuchi proposed the University of Tokyo standard for hepatectomy[9], and Professor Clavien established the Swiss criteria for safe liver resection. 
Advances in liver surgery have reduced blood loss and led to a decline in morbidity and mortality. However, the mortality rate in extended liver resection, the rate of curative resection for liver malignancies, and postoperative long-term survival remain far from satisfactory. Therefore, we hope the concept of precision will help propel liver surgery into a brand new era. Precise liver surgery has become an important direction of development[10,11].
Due to limitations based on the characteristics of the local population and the available background information, there is no single decision tree for hepatectomy based on the Chinese population. Thus, based on past experience and data, we propose a Chinese decision tree system for hepatectomy.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This study aims to compare the incidence rate of postoperative hepatic failure according to the aforementioned three decision-making systems for hepatectomy with respect to the patients of hepatocellular carcinoma in a single center to identify the best decision tree for safe hepatectomies.
[bookmark: OLE_LINK113][bookmark: OLE_LINK126][bookmark: OLE_LINK133][bookmark: OLE_LINK170][bookmark: OLE_LINK315][bookmark: OLE_LINK812][bookmark: OLE_LINK675][bookmark: OLE_LINK717][bookmark: OLE_LINK821][bookmark: OLE_LINK932][bookmark: OLE_LINK776][bookmark: OLE_LINK998][bookmark: OLE_LINK1230][bookmark: OLE_LINK1248][bookmark: OLE_LINK1019][bookmark: OLE_LINK1552][bookmark: OLE_LINK1614][bookmark: OLE_LINK1671][bookmark: OLE_LINK1685][bookmark: OLE_LINK1779][bookmark: OLE_LINK1801][bookmark: OLE_LINK1839][bookmark: OLE_LINK1840][bookmark: OLE_LINK2098][bookmark: OLE_LINK2099][bookmark: OLE_LINK2100][bookmark: OLE_LINK2045][bookmark: OLE_LINK2170][bookmark: OLE_LINK2469][bookmark: OLE_LINK2254][bookmark: OLE_LINK2377][bookmark: OLE_LINK2533][bookmark: OLE_LINK2423][bookmark: OLE_LINK2479][bookmark: OLE_LINK2671][bookmark: OLE_LINK2672][bookmark: OLE_LINK2673][bookmark: OLE_LINK2599][bookmark: OLE_LINK269][bookmark: OLE_LINK526]
MATERIALS AND METHODS
From January of 2004 to December of 2010, we selected 2457 cases of hepatectomy with indocyanine green (ICG) records at the People's Liberation Army General Hospital. The inclusion criteria were: (1) complete biochemical data during the perioperative period; (2) availability of preoperative enhanced helical computed tomography (CT) or enhanced magnetic resonance imaging (MRI) data (.dcm format); (3) pathologically confirmed hepatocellular carcinoma; and (4) initial hepatectomy. The exclusion criteria were: (1) INR-negative postoperative blood test; (2) concurrent additional pathological diagnosis; (3) no raw image data (digital format); (4) preoperative bilirubin > 50 μmol/L (2.9 mg/dL); and (5) perioperative period bleeding > 1500 mL. Altogether, 634 cases of hepatectomy were incorporated into this study.
[bookmark: OLE_LINK233][bookmark: OLE_LINK234][bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK238]We adopted a standardized procedure for the preoperative patient evaluation and hepatectomy. All patients underwent complete questioning about their medical history and a physical examination. For patients over 65 years old and patients with complications and other surgical risks, we performed a complete evaluation of heart and lung function. Before the surgery, we conducted a complete imaging examination. We reviewed the cases and imaging data and found the necessary content, and we re-inspected cases with missing data. Most cases were treated by the surgical approach of anatomical hepatectomy. For cases that required hepatic portal occlusion, we usually adopted the Pringle approach. Since 2008, some cases involved hepatectomy performed under the simple condition of portal vein occlusion.  During the hepatectomy, we adopted a low central venous pressure (< 5 mmHg) and the Trendelenburg position, and a conventional abdominal drainage tube was placed.
When reviewing the cases, the examined preoperative factors included gender; age; preoperative comorbidities; esophageal and gastric varices; and routine preoperative examinations of biochemical meridians, blood, and blood clotting. We recorded the 15-min retention rate (ICGR15) of the indocyanine green excretion test, the Child-Turcotte-Pugh score, and the MELD score. The surgical factors included the recorded surgical time, the type of surgery, tumor size, the amount of bleeding, blood transfusion status, and the intra-operative occlusion method and time.
We recorded the postoperative incidence of hepatic failure, postoperative complication, and mortality. Postoperative hepatic failure was defined based on the 50-50 criteria; that is, four days after the surgery, the total bilirubin was > 50 μmol/L (2.9 mg/dL), and the prothrombin ratio was <50% (INR > 1.7)[12]. Postoperative mortality was defined as mortality during surgery and the hospital stay. Postoperative ascites was diagnosed for patients who, after surgery, experienced more than 2 L of drainage for three consecutive days, needed a puncture drain again after the peritoneal drainage tube was removed, or had a postoperative hospital duration of more than 30 d because of persistent ascites. Intra-abdominal infection was defined as a positive bacteria culture from the drainage. Postoperative bile leakage was defined as a bilirubin level over 85.5 μmol/L in the postoperative drainage for seven consecutive days (5.0 mg/dL)[13].

Calculation of the relevant liver volume with three-dimensional reconstruction
The liver volume was measured using three-dimensional reconstruction software (EDDA Company, United States) to reconstruct three-dimensional liver images based on enhanced thin CT or MRI scanning. Then, the volume of each liver segment was calculated based on the voxel principle, and the segmentation and surgical planning for the scope of surgery was completed. The error was 5%-8%[14-16].
The standardized liver volume is relatively stable in adults in a physiological state, and its size depends on the human's body surface area (BSA), which depends on the height and weight of the human body. The ideal liver volume for the normal human body has sufficient reserve function and compensatory potential in the healthy state. 
BSA is calculated according to the DuBois formula: BSA (m2) = weight (kg) 0.425 × height (cm) 0.725 × 0.007184.
We adopted the adult standard liver volume formula established by Urata et al from the University of Tokyo in Japan: standard liver volume (SLV) (m1) = 706.2 × BSA (m2) + 2.4.
Whole liver volume = reserved liver volume + pre-hepatic resection liver volume: 
Standardized residual liver volume ratio = reserved liver volume/standard liver volume × 100%. 

Decision trees for hepatectomy
In this study, we compared the Makuuchi decision tree, the Clavien decision tree, and the Chinese consensus decision tree, which are grouped. For each group, we compared the indication for hepatectomy and the incidence rate of hepatic failure. Professor Makuuchi from Japan replaced the Child-Pugh score with two parameters: whether ascites can be controlled and the total plasma bilirubin level, which is used as an index for assessing the hepatic functional reserve[9]. We adopted the ICGR15 to determine the specific surgical approach for the hepatectomy. 
By combining the parameters of cirrhosis incidence, Child-Pugh score, portal hypertension, and ICG-R15, Professor Clavien of Switzerland determined the corresponding safe extent of hepatectomy[17]. 
[bookmark: OLE_LINK349][bookmark: OLE_LINK350]Based on four indexes, namely, cirrhosis, the Child-Pugh score, the 15-min retention rate of indocyanine green (ICGR15), and the standardized residual liver volume rate, we established a decision tree for hepatectomy, termed the Chinese consensus system[10]. 

Statistical analysis
We retrospectively collected and recorded the preoperative, intra-operative, and postoperative data. The classification variables were evaluated using a chi-square or Fisher’s exact test, and the continuous variables were compared using a t-test or Mann-Whitney test. We performed logistic regression analysis to evaluate hepatic failure, mortality, or the risk factors of complications after hepatectomy. We defined P < 0.05 as indicating a significant difference. We used SPSS 20.0 software for the statistical analysis.

RESULTS
General information
From January 2004 to December 2010, 634 cases of hepatectomy due to hepatocellular carcinoma in Department of Hepatobiliary Surgery of People's Liberation Army General Hospital were included in the study. There were 502 male patients and 132 female patents; the average age was 51.8 (12.4) (Table 1). There were 452 cases of hepatitis B, 34 cases of hepatitis C, and 25 cases of concurrent hepatitis B and hepatitis C. Additionally, there were 123 cases without infection, 78 cases with portal hypertension, and 34 cases with preoperative TACE. The cases with ICGR15 < 10%, 10%-20%, 20%-30%, 30%-40%, and > 40% were 545 (86.8%), 69 (10.9%), 8 (1.3%), 6 (0.9%), and 6 (0.9%), respectively. The postoperative pathology confirmed that 419 patients had cirrhosis. There were 629 cases (99.2%) with Child-Pugh grade A and five cases (0.8%) with Child-Pugh grade B, and the mean MELD score was 8.4 ± 1.5 (Table 2). 
[bookmark: OLE_LINK249][bookmark: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK252]Among the cases of hepatectomy, there were 119 (18.8%) cases of major hepatectomy (not less than three segments), 90 (14.2%) cases with resection of two segments, 163 cases (25.7%) with resection of one segment, and 262 cases (41.3%) with limited hepatectomy and sub-segmental hepatectomy. The surgery time was 251 ± 52.1 min, and the surgical blood loss was 438 ± 559.7 mL. There were 142 cases (22.4%) with intra-operative blood transfusion. The adopted occlusion method was the Pringle approach, simple portal vein occlusion, and no occlusion in 392 (61.8%), 30 (4.7%), and 202 (33.4%) cases, respectively. The average block time was 20±11.2 minutes (Table 3).
The postoperative mortality for these patents was 0.16% (1/634). In one case, the patient died of hepatic failure after surgery. The overall complication rate was 44.9% (Table 4). In 19 cases, the patients suffered hepatic failure after surgery. In 40 cases, there was postoperative bile leakage. In seven cases, the patients suffered postoperative bleeding. In four cases, the patients suffered reoperation-related complications. In 62 cases, the patients suffered pleural effusion or thoracic puncture and drainage.
The numbers of cases satisfying the Makuuchi decision tree of the University of Tokyo, the Clavien decision tree of the University of Zurich, and the Chinese consensus decision tree were 573, 581, and 622, respectively. The incidence of hepatic failure in these groups was 2.62%, 2.75%, and 2.73%, respectively. Meanwhile, the incidences of hepatic failure in cases outside the decision tree were 5.66%, 6.56%, and 16.67%, respectively(Table 5).
The multivariate analysis indicates that liver cirrhosis, abdominal infection, major hepatectomy, and total hospital days are related to hepatic failure after hepatectomy (Table 6). Therefore, this analysis demonstrates that liver cirrhosis, abdominal infection, and major hepatectomy are the main factors that affect hepatic failure. The total hospital duration of the patients with hepatic failure is significantly prolonged.

DISCUSSION
[bookmark: OLE_LINK5]Hepatitis B is an epidemic disease in China. Approximately 85% (or more) of patients with hepatocellular carcinoma also have cirrhosis; therefore, reducing the risk of hepatectomy with cirrhosis has always been a focus of hepatectomy. Hepatectomy has always been affected by the range of surgical options due to its complexity, high surgery morbidity, and mortality. In the past several decades, due to increasing improvements in liver surgery techniques and careful treatment during the perioperative period, the hospital mortality rate for hepatectomy has decreased, the safety of the surgery has increased, and the indications for hepatectomy have expanded.
[bookmark: OLE_LINK187][bookmark: OLE_LINK188]In China, hepatectomy is the primary method for treating hepatocellular carcinoma. With improvements in both technology and the treatment capabilities during the perioperative period, the mortality and complication rates of hepatectomy have significantly declined, and the hospital mortality of this study is 0.16%, which is similar to that of our previous studies[18]. The indications for surgery have gradually expanded. However, hepatic failure after hepatectomy still has a relatively high incidence rate and accounts for 18%-75% of postoperative deaths[19]. 
The decision-making system for hepatectomy consists of decision trees for hepatectomy proposed by individual centers based on scientific theory and practical experience[3,4,9,10,17,20,21]. At present, the primary decision-making systems are based on the following three decision-making systems: the Makuuchi decision-making system of Japan, the Clavien system, and the Chinese consensus decision-making system for hepatectomies.
[bookmark: OLE_LINK243][bookmark: OLE_LINK244][bookmark: OLE_LINK245]The Makuuchi decision-making system was generated in the late 1990s, when the mortality rate of hepatectomy was approximately 10%, which is much higher than the current level. At present, the mortality rate is lower than 1%[19,22,23]. Therefore, the safety of hepatectomy was the main problem confronted by hepatobiliary surgery at that time. From the perspective of safety, Professor Makuuchi proposed the decision tree for hepatectomy according to the existing data and clinical experience. In the subsequent 1245 hepatectomies, there were no reported deaths, which confirmed that the safety of this decision tree is very good[4,8]. However, it appears to be too general to assume that patients with ICG-R15 > 40% can still undergo liver surgery. It is not sufficiently accurate to use the type of hepatectomy surgery and the amount of resectable liver segment to characterize the safe limit of hepatectomy. For example, for an individual patient with cirrhosis, right hepatic atrophy, and left liver enlargement as well as good hepatic function reserve, it is safe to perform regular right hemihepatectomy, whereas it is dangerous to perform regular left hemihepatectomy. Moreover, in this standard, whether ascites can be controlled and the Child-Pugh score be replaced with the bilirubin level seem to be crude determinants.
In contrast with Asian experiences, European experts believe that a clinical situation with a Child-Pugh score above grade B, portal hypertension and ICG-R15 > 20% is a contraindication for hepatectomy. The Zurich decision tree is based on the assumption that for a normal liver, a safe hepatectomy can only be performed if the residual liver volume (potential live volume) exceeds 30% of the functional liver volume (Total live volume-Tumor Volume), and it is also safe to achieve this index through the preoperative PVE. However, many cases in which the hepatectomy can be performed safely miss this cut-off[24]. The Japanese scholar Professor Cucchetti et al[27] confirmed that cirrhosis patients have the same preoperative index, evolution process during the perioperative period, incidence rate of postoperative hepatic failure, complication rate, hospital time, and survival rate regardless of whether they also have portal hypertension[25-29]. Italian scholars also suggested that the clinical situation in which the cirrhosis patients have portal hypertension should be viewed as an absolute contraindication for hepatectomy; for patients with Child-Pugh grade A, the short-term and long-term postoperative effect are similar to the effect in patients with normal portal vein pressure.
Based on the characteristics of hepatectomy for the Chinese population, hepatocellular carcinoma, and the fact that the theory and practice of other decision trees are not suitable for China and its surgical conditions, we established the Chinese consensus decision tree. The safe resection extent for hepatectomy is established according to the proportion of reserved liver volume relative to the liver volume of the patient. Among patients with liver disease, the liver volume differs considerably, and the function of different parts of the liver also differs. Therefore, it is inaccurate to set the safe amount of reserved liver volume according to the proportion of diseased liver volume. Moreover, it is also very difficult to generally set the safe limit of resection with pen and paper using the same percentage of reserved liver volume without considering the degree to which the liver function is impaired. There is no specification regarding the extent of hepatectomy when less than 50% of the liver will remain.
Applying the minimum residual liver volume or the necessary functional liver volume and SLV is a relatively reliable method for setting the safe limit of hepatectomy. We selected liver parenchymal disease, Child-Pugh score, and ICGR-15 as the assessment standards to classify the reserved hepatic function. The ratio (F/S) between EFLV and SLV is used to set the safe extent of hepatectomy and to establish a decision tree for the individual evaluation of the safe limit of hepatectomy.
Liver volume analysis is the most important determinant factor for whether hepatectomy or liver transplantation is selected to treat liver cancer. The maximum resectable volume of liver depends on the liver function. In the People's Liberation Army General Hospital, conventionally, the preoperative liver volume is calculated using enhanced CT, and liver function is estimated through the indocyanine green retention test before every hepatectomy. The equilibrium between the range of hepatectomy and liver function is closely related to postoperative complications and mortality[24,30]. The range of hepatectomy can usually be evaluated through the CT volume analysis of the relevant liver segment. This detailed information is helpful for making the most reasonable decision about the hepatectomy. The CT volume analysis can be implemented in 2D or 3D. Our 3D analysis adopts the principle of basin analysis[31]. According to each portal vein or hepatic venous system, we accurately analyze the range of each segment and then calculate the liver volume. 
Because the 50-50 criteria is the index for evaluating hepatic failure after hepatectomy for patients with a normal bilirubin range, this study excluded patients with hepatocellular carcinoma and preoperative jaundice (with total bilirubin >50 mmol/L). Blood transfusions during the perioperative period will certainly affect the bilirubin level. In the original experiment, we excluded patients with an intra-operative blood transfusion when evaluating the 50-50 criterion[32]. However, according to previous studies and our experience, we believe that the likelihood that a blood transfusion in the perioperative period affects postoperative bilirubin and coagulation is very small; therefore, in this study, we did not exclude the relevant cases with blood transfusion.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Our studies indicate that the numbers of cases that satisfy the Makuuchi decision tree of the University of Tokyo, the Clavien decision tree of the University of Zurich, and the Chinese consensus decision tree were 573, 581, and 622, respectively, and the corresponding incidence of hepatic failure were 2.62%, 2.75%, and 2.73%, respectively. The incidence of hepatic failure in cases that did not satisfy the decision tree was 5.66%, 6.56%, and 16.67%, respectively. In comparison with the Makuuchi decision system of Japan and the Clavien system, the Chinese consensus decision tree expands the indications for hepatectomy without significantly increasing the incidence of hepatic failure after hepatectomy and is a safe and effective decision tree. 
The multivariate analysis indicates that liver cirrhosis, abdominal infection, major hepatectomy, and total hospital duration are related to hepatic failure after hepatectomy and thus indicates that liver cirrhosis, abdominal infection, and major hepatectomy are the main factors that affect hepatic failure. The total hospital duration for patients with hepatic failure is significantly prolonged, which is consistent with previous research findings.
In summary, this study indicates that, in comparison with the Makuuchi decision tree of the University of Tokyo and the Clavien decision tree of the University of Zurich, the Chinese consensus decision tree can expand the scope of hepatectomy without significantly increasing the incidence of postoperative hepatic failure and that it is a safe and effective decision tree. Liver cirrhosis, abdominal infection, and major hepatectomy are the main factors that affect hepatic failure after hepatectomy.
 
COMMENTS
Background
[bookmark: OLE_LINK338][bookmark: OLE_LINK340]Although many criteria have been established for safe hepatic resection, the evaluation of post-hepatectomy liver failure (PHLF) associated with several competing decision trees remains unknown. 

Research frontiers
This article aims to evaluate an new embracing algorithm with two widely accepted criteria for safe liver resection and verify their efficiency in a large Chinese cohort.

Innovations and breakthroughs
In this study, the authors established a decision tree for safe hepatectomy based on four variables: normal or cirrhotic liver, the Child-Turcotte-Pugh score, the indocyanine green retention rate at 15 min, and the ratio of reserved functional liver volume to standard liver volume. They proved that Chinese consensus decision tree expands the indications for hepatic resection for HCC patients and does not increase the PHLF rate compared to the Swiss-Clavien and Tokyo university-Makuuchi decision trees. 

Applications 
It seems to be a safe and effective guideline for hepatectomy in patients with hepatocellular carcinoma patients.

Peer-review
PHLF is the most dreadful complications and it has many different definations. In future, it may need to test those in a prospective study. In this large population, retrospective study, they proved the efficiency of the new criteria in elective patients. It is beneficial for elective hepatocellular carcinoma patients.
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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Figure 1 From the University of Tokyo, Makuuchi hepatectomy selection criteria. Makuuchi decision tree for a safe hepatectomy. 
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Figure 2 Decision tree for the individual evaluation of hepatectomy in normal livers. Clavien decision tree for safe hepatectomy in a normal liver.
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Figure 3 Decision tree from the University of Zurich for the individual evaluation of hepatectomy for a cirrhotic liver. 
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Figure 4 Decision tree for the individual evaluation of the safe extent of hepatectomy. ICGR15: 15-min retention rate of indocyanine green.

[bookmark: OLE_LINK2567][bookmark: OLE_LINK2568]Table 1 Basic information on the study population
	Factors
	n (%)

	[bookmark: OLE_LINK347][bookmark: OLE_LINK348]Age (yr), mean (SD)
	51.8 (12.4)

	Age > 65 yr
	102 (15.1)

	Male
	502 (79.2)

	ICG R15

	< 10%
	545 (86.8)

	10%-20%
	69 (10.9)

	20%-30%
	8 (1.3)

	30%-40%
	6 (0.9)

	> 40%
	6 (0.9)

	Hepatitis serology

	Hepatitis B
	452(71.3)

	Hepatitis C
	34 (5.4)

	Hepatitis B and C
	25 (3.9)

	Negative or not determined
	123(19.4)

	Cirrhosis
	479 (75.5)

	Portal vein hypertention
	78 (12.3)


ICG R15: Indocyanine green retention rate at 15min.

Table 2 Preoperative biochemical indexes and ratings, n (%)
	Serum albumin (g/L)
	41.1 (4.0)

	Plateletcount (103/mm3)
	178.6 (75.1)

	Serum creatinine (μmol/L)
	67.7 (14.0)

	Serumtotal bilirubin (μmol/L)
	

	Serum total bilirubin (μmol/L)
	6.3 (14.2)

	Serum sodium (mmol/L)
	142.0 (2.8)

	INR, mean (SD)
	1.04 (0.10)

	CTP score
	

	Class A
	629 (98.2)

	Class B
	5 (0.8)

	MELD score, mean (SD)
	8.4 (1.5)

	Tumor size (cm)
	7.4 (4.9)


Tumor size: The largest diameter of tumor, even for multiple lesions; CTP score: Child-Turcotte-Pugh score; MELD score: Model for End-stage Liver Disease score. 

Table 3 Relevant surgical indexes, n (%)
	Operating time (min)
	251 (52)

	Porta hepatis clamping time (min)
	20 (11.2)

	Estimated blodd loss (mL)
	438 (559.7)

	Extent of hepatectomy
	

	Subsegmentectomy or limited resection
	262 (41.3)

	Segmentectomy
	163 (5.7)

	Bisegmentectomy
	90 (14.2)

	Major hepatectomy (3 or more segments)	
	119 (18.8)

	Intraoperative RBC transfusion
	

	Yes
	142 (22.4)

	No
	492 (77.6)

	Blocking methods
	

	Portal vein blocking
	30 (4.7)

	Pringle maneuver
	392 (61.8)

	No
	212 (33.4)


 RBC: Red blood cells.

Table 4 Postoperative complications of hepatectomy
	Overeall morbidity
	44.9%

	Surgical morbidity
	

	  Posthepatectomy liver failure
	19%

	  Biliary leakage
	40%

	  Posthepatectomy hemorrhage
	7%

	  Perihepatic abscess
	22%

	  Wound infection
	42%

	  Cholangitis
	5%

	  Pleural effusion
	62%

	  Portal vein thrombosis
	3%

	Medical morbidity
	

	  Respiratory insufficiency/failure
	12%

	  Renal failure

	6%

	  Pneumonia
	28%

	  Cardiac arrhythmia
	20%

	  Pulmonary embolism

	2%

	  Caridiac failure
	8%

	  Myocardial infarction
	5%

	Relaparotomy
	4%




Table 5 Postoperative liver failure rate according to criteria
	Criteria
	Yes
	No

	Swiss 
	2.75%
	5.66%

	Japan
	2.62%
	6.56%

	Chinese
	2.73%
	16.67%



Table 6 Multivariate logistic analysis of hepatic failure
	Variables in the equation

	
	Sig.

	Liver cirrhosis
	0.009

	Bile leakage
	0.199

	Ascites
	0.184

	Abdominal infection
	0.014

	Major hepatectomy 
	0.006

	Bleeding
	0.878

	Height (cm) 
	0.710

	Weight (kg) 
	0.361

	HBgdL
	0.819

	BSA (m2)
	0.384

	BMI (kg/m2)
	0.733

	Kmin
	0.356

	ICGR15
	0.510

	T12min
	0.617

	EHBFLmin
	0.472

	Total hospital duration
	0.017
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