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Abstract

AIM: To investigate the feasibility of temporary extracorporeal continuous porta-caval diversion (ECPD) to relieve portal hyperperfusion in “small-for-size” syndrome following massive hepatectomy in pigs.

METHODS: Fourteen pigs underwent 85%-90% liver resection and were then randomly divided into the control group (n = 7) and diversion group (n = 7). In the diversion group, portal venous blood was aspirated through the portal catheter and into a tube connected to a centrifugal pump. After filtration, the blood was returned to the pig through a double-lumen catheter inserted into the internal jugular or subclavian vein. With the conversion pump, portal venous inflow was partially diverted to the inferior vena cava through a catheter inserted via the gastroduodenal vein at 100-130 mL/min. Portal hemodynamics, injury, and regeneration in the liver remnant were compared between the two groups.

RESULTS: Compared to the control group, porta-caval diversion via ECPD significantly mitigated excessive portal venous flow and portal vein pressure (PVP); the portal vein flow (PVF), hepatic artery flow (HAF), and PVP in the two groups were not significantly different at baseline; however, the PVF (431.8 ± 36.6 vs 238.8 ± 29.3, P < 0.01; 210.3 ± 23.4 vs 122.3 ± 20.6, P < 0.01) and PVP (13.8 ± 2.6 vs 8.7 ± 1.4, P < 0.01; 15.6 ± 2.1 vs 10.1 ± 1.3, P < 0.05) in the control group were significantly higher than those in the diversion group, respectively. The HAF in the control group was significantly lower than that in the diversion group at 2 h and 48 h post hepatectomy, and ECPD significantly attenuated injury to the sinusoidal lining and hepatocytes, increased the regeneration index of the liver remnant, and relieved damage that the liver remnant suffered due to endotoxin and bacterial translocation.

CONCLUSION: ECPD, which can dynamically modulate portal inflow, can reduce injury to the liver remnant and facilitate liver regeneration, and therefore should replace permanent meso/porta-caval shunts in “small-for-size” syndrome.

Key words: small-for-size syndrome; Extracorporeal continuous porta-caval diversion; Massive hepatectomy; Regeneration

© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Meso/porta-caval shunts have usually been adopted to relieve portal hyperperfusion in “small-for-size” syndrome (SFSS) or postoperative liver failure; however, these methods cannot dynamically adjust portal inflow to affect “functional competition”. In this study, extracorporeal continuous porta-caval diversion was temporarily adopted to relieve hyperperfusion, dynamically adjust the effect of portal inflow towards functional competition, and preserve optimal portal inflow. This also reduces injury to the sinusoidal endothelium, decreases endotoxin/bacterial translocation, and facilitates liver regeneration in SFSS after massive hepatectomy, and therefore could replace permanent meso/porta-caval shunts, which have no benefit or harm towards liver regeneration in late stages.
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INTRODUCTION

When the residual liver volume is below a certain threshold, the liver remnant cannot sustain metabolic, synthetic, and detoxifying functions[1-4], and postoperative liver failure (PLF) or “small-for-size” syndrome (SFSS) will ensue. Portal hypertension and splanchnic pooling following major hepatectomy or a small graft have been reported to contribute to the high postoperative morbidity and mortality rates associated with these procedures[5-10]. Some studies have shown that the placement of a portal-systemic shunt or splenic artery ligation improves survival following subtotal hepatectomy or a small graft, probably as a result of decompression of the portal blood flow. However, excessive diversion or hypoperfusion by the portal-systemic shunt retards regeneration of the liver remnant or small graft[11]. In this study, extracorporeal continuous porta-caval diversion (ECPD) was temporarily adopted to relieve hyperperfusion. This system is theoretically appealing, as it can dynamically adjust portal inflow to affect functional competition between the portal vein and systemic circulation, and preserve optimal portal inflow to allow hypertrophy of the liver remnant. Following the establishment of a stable, critical pig model of 85%-90% hepatectomy, the effect of ECPD in preventing sinusoidal microcirculatory injury from portal hypertension following extended hepatectomy and its advantages was analyzed.

MATERIALS AND METHODS
Animal husbandry

Fourteen male Bama miniature pigs (15-20 kg), 4 to 6 mo of age, were obtained from the Pig and Poultry Production Institute (GuangXi province, China). The pigs were raised in a closed herd and kept under strict quarantine. All animals in this study were treated humanely and in accordance with institutional and national guidelines for ethical treatment of animals. Experiments were conducted in accordance with the Chinese legislation on the protection of animals and “Principles of laboratory animal care” (NIH publication No. 85-23, revised 1985).

Surgical technique

The pigs were food-deprived for 8 h before the operation. All pigs were anesthetized by initial sedation with a deep intramuscular injection of ketamine (15-20 mg/kg) and chlorpromazine (6-8 mg/kg), 15 min after the administration of atropine (0.01 mg/kg). An upper-midline incision with right or bilateral subcostal extensions (inverse “L” or Mercedes incision) was performed. A subtotal hepatectomy with less than 60 mL of blood loss and without hepatic pedicle occlusion was performed. The extent of the hepatectomy was referred to bench dissection of 10 pigs, according to a previous study: extended hepatectomy involving approximately 85%-90% of the liver was accomplished by 75%-80% hepatectomy plus removal of the partial posterior segment[12]. A 16-gauge double-lumen catheter was inserted into the main portal vein via the gastroduodenal vein, and was connected to a RM6240 physiology device (Chengdu, China) to measure the portal vein pressure (PVP). Another double-lumen catheter was advanced into the suprahepatic inferior vena cava through the internal jugular vein to monitor central vein pressure (CVP). Two ultrasonic flow probes (3 mm, 10 mm) were connected to a flow meter (HT107, Transonic Systems, Ithaca, NY, United States) to measure hepatic artery flow (HAF) and portal vein flow (PVF), respectively.

Study protocols and porta-cava diversion 

The 14 animals that underwent subtotal (85%-90%) hepatectomy with less than 60 mL of blood loss and without hepatic pedicle occlusion were divided into two groups: the control group (n = 7) and the diversion group (n = 7). In the diversion group, hepatectomy was followed by ECPD. The diversion flow was 100-130 mL/min, and the room temperature was 18 to 23  ℃.

Establishing the extracorporeal catheter circuit

Portal venous blood was aspirated through the portal catheter and into a tube connected to a centrifugal pump (Plasma Separation Apparatus, Asahi Medical Co., Ltd., Japan) (Figure 1). After filtration, the blood was returned to the pig through a double-lumen catheter inserted into the internal jugular or subclavian vein. The adequacy of anticoagulation was monitored by the activated clotting time (ACT), and heparin was administered as required to maintain an ACT greater than 180 s. Standard monitoring (ECG, arterial line for blood pressure and blood gases, and Foley catheter for urine output) was performed for all pigs. With the conversion pump, the portal venous inflow was partially diverted to the inferior vena cava through a catheter inserted via the gastroduodenal vein at 100-130 mL/min. The portal hemodynamics, liver injury and regeneration were investigated and compared between the two groups.

Postoperative management

After the operation, one daily dose of 375 mg penicillin was given intramuscularly to all pigs, and 500 mL of normal saline and 500 mL of a 10% glucose solution were administered during recovery. Thereafter, the pigs were monitored daily until euthanasia at 49-50 h post-hepatectomy (PH). Food and water intake and serum glucose levels were evaluated at each daily postoperative assessment, and animals that had limited or no intake or low serum glucose levels (< 70-80 mg/dL) were administered 50 g of intravenous (Ⅳ) glucose (500 mL of a 10% glucose solution). At euthanasia, the liver remnant was removed, weighed, and sampled.

Hemodynamic measurement 

A double-lumen catheter was placed in the internal jugular vein to monitor invasive venous pressure. The catheter was tunneled subcutaneously to exit at the back of the neck for postoperative access. A single-lumen catheter was introduced into the portal vein to monitor portal venous pressure (PVP). Ultrasonic flow probes were connected to a flow meter (HT107, Transonic Systems, Ithaca, NY, United States) to measure hepatic artery flow (HAF) and portal vein flow (PVF). PVP, HAF, and PVF were recorded at baseline, 48 h PH, and 50 h PH (stopping ECPD for 1 h), before euthanasia.

Blood and serum analysis

Serum samples were collected pre-hepatectomy and serially during the follow-up period, at 2 h, 24 h and 48 h PH. In these samples, the levels of alanine aminotransferase (ALT), total bilirubin (TB), hyaluronic acid (HA), and thymidine kinase (TK) activity were determined. HA was measured by a radiometric assay with an HA test kit (Pharmacia Diagnostics, Shanghai, China). HA is eliminated mainly in the hepatic sinusoidal endothelium; increased serum HA levels indicate sinusoidal endothelial damage[13,14]. Serum TK activity provides an index of hepatic regeneration[15,16]. TK activity was measured using the LIAISON TK assay (Jingmei Biotech Co. Ltd., Shenzhen, China). 

Tissue analysis 

Hepatic tissue was sampled in the two groups at 1 h PH, and each biopsy sample was divided into 2 sections. The tissue specimens for electron microscopy were fixed in 2.5% glutaraldehyde and 2% paraformaldehyde in 0.1 mol/L sodium cacodylate buffer (pH 7.3). The other set of samples was preserved in 10% neutral buffered formalin, embedded in paraffin, and stained with hematoxylin and eosin using standard histological techniques. Clusters of differentiation molecule 31 (CD31) immunoglobulin helps maintain endothelial stability by interacting with other CD31 molecules at the extracellular border of adjacent cells. Sections of hepatic tissue were immunostained with porcine anti-CD31 antibody (Serotec, Oxford, United Kingdom) to evaluate the integrity of the endothelial cells in the hepatic sinusoid, as previously described[17,18].

The pigs were re-opened at 48 h PH and HAF, PVF, and PVP were measured. Porta-cava conversion was stopped in the diversion group, and these parameters were measured again 1 h later. The pigs were then sacrificed, the liver excised, weighed, and processed, and hepatic tissue was sampled again from the two groups.

Increase rate of the liver remnant, PCNA index and apoptosis index

The increase rate of the liver remnant after hepatectomy was calculated using the following equation: increase rate = regenerated liver volume at sacrifice/estimated remnant liver volume at operation × 100%.
Liver samples at 48 h PH were stained for Proliferating Cell Nuclear Antigen (PCNA), a stable cell-cycle nuclear protein. The rate of DNA synthesis correlates with the rate of cell proliferation. Data are expressed as the percentage of PCNA-stained hepatocytes per total number of hepatocytes. The mean number of PCNA-stained hepatocytes per 10 high-power fields was calculated for the two groups, divided by the total cell number, and then compared.

Four-micrometer-thick sections were stained with hematoxylin and eosin and analyzed by in situ terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL) using an apoptosis in situ detection kit (Jiamei Biotech Co. Ltd, Shenzhen, China) according to the manufacturer’s instructions. For each pig, ten consecutive high-power fields were examined for counting at 400 × magnification. The apoptosis index (AI) is defined as the mean number of apoptotic cells per 10 high-power fields, and was measured for the two groups, divided by the total cell number, and then compared.

Endotoxin/bacterial translocation

LPS level: The LPS level was quantified by the limulus amebocyte lysate (LAL) assay based on the methods first introduced by Iwanaga and his colleagues[19] using the commercially available chromogenic LAL endpoint kit (Yihua BioScience Ltd.; Shanghai, China), following the manufacturer’s instructions. A calculated value of 0.1 EU/mL (10 pg/mL) in the specimens was considered the threshold to be considered endotoxin positive. To control for endotoxin contamination, a sterile water sample was used as a negative control. Standards and samples were analyzed in duplicate.

Real-time polymerase chain reaction assay for bacterial DNA: DNA was isolated from the blood using the Fast DNA Spin Kit (Cat. 69506; Qiagen, United States) according to the manufacturer’s instructions. Subsequently, total bacteria quantification was performed with 16S rRNA gene-targeted primers, which have demonstrated uniform success in quantifying a wide range of bacteria (49 different strains). The sequences of the universal primers were 5’-TTCCGGTTGATCCTGCCGGA-3’ (forward) and 5’-GGTTACCTTGTTACGACTT-3’ (reverse)[20]. Serially diluted genomic DNA from selected bacterial isolates was used as a real-time PCR control. Bacterial counts from real-time PCR are expressed as log10 cells per gram tissue (cells/g) mean ± SE[20,21].
Statistical analysis

All variables are expressed as mean ± SD and were compared between the two groups by the Student’s t-test, using the PASW Statistics 18 software (SPSS Inc., Chicago, IL, United States). P-values < 0.05 were considered significant.
RESULTS

Operative outcomes and hemodynamic studies

The operative outcomes of the two groups were not significantly different, as shown in Table 1. The evolution of hemodynamic parameters is shown in Table 2. The PVF, HAF, and PVP in the two groups were not significantly different at baseline. However, at other time points, the PVF and PVP in the control group were significantly higher than those in the diversion group (P < 0.01). The HAF in the control group was significantly lower than that in the diversion group (P < 0.05).

Blood and serum analysis
Hepatocellular injury: The preoperative and serial postoperative measurements of serum ALT and total bilirubin (TB) are shown in Figure 2a, b, with significant differences noted. There were no significant differences between the two groups before the operation or at 2 h PH (P > 0.05). At other time points, the control group showed significantly elevated values compared to the diversion group (P < 0.05).
Endothelial cell injury

In the control group, HA levels were significantly higher than those in the diversion group (Figure 3, P < 0.05). There was significant endothelial denudation, sinusoidal dilation, hydropic changes in hepatocytes, and hemorrhage into the hepatic parenchyma (Figure 3a). The sinusoidal endothelial lining was partially destroyed and detached into the sinusoidal space, with enlargement of the Disse’s spaces (Figure 3c, arrowheads). CD31 immunostaining showed significant destruction of the endothelial lining (Figure 3e). In contrast, in the diversion group, there was no intraparenchymal hemorrhage (Figure 3b), the sinusoidal endothelial cells and hepatocytes were well-preserved, and the structure of the endothelial lining was visible (Figure 3d, arrows). Furthermore, CD31 immunostaining showed a mild sinusoidal microarchitecture injury in the diversion group (Figure 3f).

DISCUSSION

Portal hyper-reperfusion following subtotal hepatectomy, in which the vascular bed of the liver remnant experiences a drastic decrease, has been demonstrated in animal experiments and clinical settings[3-5]. It has been reported to contribute to the high postoperative morbidity and mortality rates[3,6-10], via reduction in reticuloendothelial function[21], bacterial translocation[22], hepatic ischemia, and sepsis caused by small bowel infarction[23]. In many reports[24-26], to decompress portal hypertension in clinical or experimental settings, inflow modulations have been used, including a mesocaval or portacaval shunt (MCS/PCS)[8,24,27] and splenectomy or splenic-artery ligation[26,28,29]. These methods for portal decompression improved the prognosis of small grafts or liver remnants. Interestingly, there seems to be a reverse trend from the use of right-liver grafts to the use of left-liver grafts because of these inflow modifications. However, these techniques have many shortcomings, including surgical procedure-related complications[26,28-30] and the potential risk of excessively diverting the portal flow to systemic circulation, which could retard liver regeneration[8,26,28].

In fact, it has been demonstrated in our previous study, also in the clinical setting, that it is difficult to define the size of the PCS or MCS[18]. When a small-diameter shunt was selected, thrombus of the orifice often occurred and the shunt closed. In such cases, the pigs with extended hepatectomy did not benefit from the portal decompression. In cases where a large PCS was placed, the PVP decreased and the liver remnant failed to regenerate because of poor portal flow, due to “functional competition” between the portal vein and systemic circulation. Thus, an excessive decrease in PVP was as harmful to liver regeneration as high portal-vein pressure. In order to attain an optimum PVF with dynamic regulation following an extended hepatectomy, a partial, transient diversion of portal flow (that is, ECPD) might be beneficial to adjust the portal flow to affect “functional competition”. In this study, ECPD was used to optimize portal inflow by regulating the conversion flow. It has been reported that approximately triple the baseline portal venous inflow following a 70% hepatectomy[7] optimally promotes liver regeneration. In this study, the portal inflow in the diversion group was easily adjusted to 3.0-3.5 times the baseline inflow, and liver regeneration parameters were similar to the control group without portal decompression (Figure 4). However, in the diversion group, vascular shear stress in the portal vein (a determining factor in regeneration) was significantly lower than that in the control group. Moreover, the damage to hepatic parenchyma (Figure 2) and sinusoidal endothelium (Figure 3) with portal hyperperfusion, and the AI in the diversion group were significantly reduced compared with the control group (Figure 5). 

However, after diverting the portal flow to the systemic circulation for 48 h, the liver volume rose to more than twice the postoperative residual volume (Figure 4a), and the PVP approached its baseline value (Table 2). When the ECPD was stopped, the PVP rose only slightly (Table 1). This indicated that the hyperperfusion could be relieved in a short time, which can be attributed to rapid regeneration of the liver remnant after massive hepatectomy (Figure 6). Therefore, with regard to portal hyperperfusion in massive hepatotectomy, ECPD sometimes only needs to be adopted for a short time. 

It was shown previously that innate immunity is significantly impaired after liver surgery; RES function greatly decreases after major hepatectomy[6,7]. However, portal hypertension may also cause endotoxin absorption and an increase in bacterial translocation, causing a rise in the serum endotoxin level and severe inflammation[31,32]. In this study, the serum endotoxin level and bacterial DNA in the diversion group with ECPD were significantly depressed compared to the control group without portal decompression, indicating that portal hypertension may aggravate endotoxin absorption or bacterial translocation (Figure 4). Therefore, ECPD provides an important strategy to improve liver regeneration by reducing LPS/bacterial translocation.

Continuous hemofiltration/hemodiafiltration is a routine clinical treatment used as renal replacement in critically ill patients[33]. The placement of a catheter in the portal vein makes ECPD feasible and safe. In clinical major hepatectomy or living donor liver transplantation, the catheter may be inserted via the gastroepiploic vein into the portal vein, using omental wrapping of the catheter tube to prevent bleeding while removing the catheter. Alternatively, the catheter can be inserted percutaneously. According to the present study, a catheter placed into a portal vein in major hepatectomy with a high risk of PLF may permit the dynamic monitoring or relief of portal hyperperfusion. Therefore, once high portal pressure is detected, ECPD is a viable alternative method to prevent or treat portal hyperperfusion in PLF or SFSS; moreover, this could be personalized and extracorporeal blood flow can be changed depending on the parameters measured in vivo.

Overall, ECPD can effectively relieve hyperperfusion in SFSS or PLF, and can dynamically adjust portal flow to the functional competition between the portal vein and systemic circulation, positioning it as an alternative to SFSS in clinical settings. In the future, this experimental model could still be improved, so that it could be personalized and extracorporeal blood flow can be changed depending on the parameters measured in vivo in each animal, which could aid its adoption towards clinical use.
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Figure Legends
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Figure 1  Schematic drawing of porta-caval diversion in the pig following hepatectomy. This system comprises a whole-blood circulation loop, conversion pump and hemofilter. In this system, blood flows directly from the pig though the portal vein and is returned to the pig via the jugular vein.
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Figure 2  Change in alanine aminotransferase levels and bilirubin levels in the two groups. aP < 0.05, diversion group vs control group.
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Figure 3  sinusoidal endothelium. A, B: HE (magnification × 400); C, D: Transmission electron microscopy photographs (magnification × 6K); E, F: CD31 immunohistochemical staining of tissue samples taken at 1 h post hepatectomy; G: Serial changes in the hyaluronic acid level in the two groups. The arrows and the arrowheads indicate the injuried sinusoidal endothelial cells.
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Figure 4  Serial changes in the levels of lipopolysaccharide and bacterial DNA detected in serum in the two groups (A, B). The serum lipopolysaccharide level in the control group was not significantly different at 2 h post hepatectomy (PH) (P > 0.05), but was significantly higher than that in the diversion group at 24 h and 48 h PH. At all time points, bacterial DNA levels in the control group were significantly elevated compared with the diversion group. aP < 0.05, diversion group vs control group.
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Figure 5  portal hyperperfusion. A: transferase-mediated dUTP-biotin nick end labeling (TUNEL) staining after hepatectomy 48 h post hepatectomy (PH). A large number of TUNEL-positive cells (arrows, identified morphologically by dark brown staining nuclei) are present in the liver remnant; 400 × magnification; B: Microphotometric evaluation of apoptotic index (AI) in TUNEL-stained tissue 48 h PH. Values are expressed as means ± SD; n = 6 in both groups. The differences between the groups are statistically significant. aP < 0.05, diversion group vs control group.
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Figure 6  This indicated that the hyperperfusion could be relieved in a short time, which can be attributed to rapid regeneration of the liver remnant after massive hepatectomy. A: increase rate of the liver remnant in both groups at 48 h PH (post hepatectomy). There was no significant difference between the control and diversion groups (P = NS); B: proliferation cell nuclear antigen (PCNA) staining in the liver remnant (positive cells identified by dark-brown-stained nuclei, indicated by arrows; magnification × 400); C: Microphotometric evaluation of PCNA index in PCNA-stained tissue at 48 h PH. Values are expressed as means ± SD for both groups; D: The change in thymidine kinase (TK) activity in both groups. TK activity in the control group was significantly elevated compared with the diversion group at 2 h PH (P = 0.04), but there was no significant difference between the groups at 24 h PH (P = NS). However, TK activity in the control group was significantly reduced compared to that in the diversion group at 48 h PH. aP < 0.05, diversion group vs control group. NS: Not significant.



Table 2  Serial changes in portal vein flow, hepatic artery flow and portal vein pressure


�
control group


�
diversion group


�
P value


�
�
PVF, mL/min per 100 g 


�
�
�
�
�
BAS


�
61.9 ± 9.6


�
  64.1 ± 10.6


�
   0.87


�
�
2 h PH 


�
431.8 ± 36.6


�
238.8 ± 29.3 


�
< 0.01


�
�
48 h PH (re-open) 


�
210.3 ± 23.4


�
122.3 ± 20.6


�
< 0.01


�
�
Pre-EUT1


�
204.5 ± 21.4


�
211.4 ± 26.3


�
   0.94


�
�
HAF, mL/min per 100 g


�
�
�
�
�
BAS


�
19.4 ± 4.5


�
19.9 ± 4.1


�
   0.96


�
�
2 h PH 


�
  6.1 ± 2.5


�
14.9 ± 2.5


�
< 0.01


�
�
48 h PH (re-open)


�
  5.5 ± 2.1


�
13.2 ± 4.2


�
      0.011


�
�
Pre-EUT1


�
  5.3 ± 2.0


�
11.2 ± 3.4


�
      0.014


�
�
P/A 


�
�
�
�
�
BAS


�
  3.1 ± 0.2


�
  3.4 ± 0.2


�
    0.89


�
�
2 h PH


�
74.0 ± 8.1


�
14.8 ± 3.1 


�
    0.01


�
�
48 h PH


�
40.8 ± 6.6


�
  9.5 ± 1.8


�
< 0.01


�
�
Pre-EUT1


�
41.3 ± 6.3


�
19.1 ± 2.5


�
< 0.01


�
�
PVP, mmHg


�
�
�
�
�
BAS


�
  6.4 ± 1.8


�
  6.0 ± 0.8


�
   0.94


�
�
2 h PH


�
13.8 ± 2.6


�
  8.7 ± 1.4


�
< 0.01


�
�
48 h PH 


�
15.6 ± 2.1


�
10.1 ± 1.3


�
     0.021


�
�
Pre-EUT1


�
15.1 ± 1.9


�
11.4 ± 1.8


�
     0.032


�
�
1ECPD was stopped for 1 h. This table depicts the changes in hemodynamic parameters measured at baseline, 1 h, and 48 h PH and before euthanasia in the two groups of animals. All flow values are reported in mL/min per 100 g hepatic tissue. NS: Not significant; BAS: Baseline; EUT: Euthanasia; HAF: Hepatic artery flow; P/A: Portal-to-arterial flow ratio; PR: Portal reperfusion; PVF: Portal vein flow; PVP: Portal vein pressure; HAF: Hepatic artery flow.
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Table 1  Characteristics of the experimental groups and hemodynamic studies


�
control group


�
diversion group


�
P value


�
�
Body weight (kg)


�
17.4 ± 3.3


�
18.1 ± 3.5


�
0.97


�
�
Left tri-lobes (g)


�
351.2 ± 14.9


�
365.5 ± 15.8


�
0.81


�
�
ETL (g)


�
442.7 ± 18.4


�
457.0 ± 19.7


�
0.86


�
�
WRL (g)


�
390.7 ± 19.4


�
401.8 ± 20.4


�
0.79


�
�
ERL (g)


�
55.7 ± 3.8


�
60.8 ± 4.1


�
0.91


�
�
Proportion of ERL (%)


�
12.8 ± 2.3


�
13.2 ± 3.5


�
0.87


�
�
OT (min)


�
115 ± 23 


�
121 ± 28


�
0.45


�
�
Blood loss (mL)


�
  35.7 ± 13.8


�
  45.1 ± 16.1


�
0.73


�
�
Data are expressed as mean ± SD. Estimated total liver weight = (weight of left tri-lobes) × 100/80. ETL: Estimated total liver weight; ERL: Estimated residual liver weight; WRL: Weight of resected liver.








