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Abstract

AIM: To determine the feasibility and safety of establishing a porcine hepatic cirrhosis and portal hypertension model by hepatic arterial perfusion with 80% alcohol.

METHODS: Twenty-one healthy Guizhou miniature pigs were randomly divided into three experimental groups and three control groups. The pigs in the three experimental groups were subjected to hepatic arterial perfusion with 7, 12 and 17 mL of 80% alcohol, respectively, while those in the three control groups underwent hepatic arterial perfusion with 7, 12 and 17 mL of saline, respectively. Hepatic arteriography and direct portal phlebography were performed on all animals before and after perfusion, and the portal venous pressure and diameter were measured before perfusion, immediately after perfusion, and at 2, 4 and 6 wk after perfusion. The following procedures were performed at different time points: routine blood sampling, blood biochemistry, blood coagulation and blood ammonia tests before surgery, and at 2, 4 and 6 wk after surgery; hepatic biopsy before surgery, within 6 h after surgery, and at 1, 2, 3, 4 and 5 wk after surgery; abdominal enhanced computed tomography examination before surgery and at 6 wk after surgery; autopsy and multi-point sampling of various liver lobes for histological examination at 6 wk after surgery. 

RESULTS: In experimental group 1, different degrees of hepatic fibrosis were observed, and one pig developed hepatic cirrhosis. In experimental group 2, there were cases of hepatic cirrhosis, different degrees of increased portal venous pressure, and intrahepatic portal venous bypass, but neither extrahepatic portal-systemic bypass circulation nor death occurred. In experimental group 3, two animals died and three animals developed hepatic cirrhosis, and different degrees of increased portal venous pressure and intrahepatic portal venous bypass were also observed, but there was no extrahepatic portal-systemic bypass circulation. 

CONCLUSION: It is feasible to establish an animal model of hepatic cirrhosis and portal hypertension by hepatic arterial perfusion with 80% alcohol, however, the safety of this model depends on a suitable perfusion dose.
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Core tip: We successfully established a porcine hepatic cirrhosis and portal hypertension model by hepatic arterial perfusion with 80% alcohol. The model accurately reproduced the pathophysiological development process similar to that occurring in humans.

INTRODUCTION

Hepatic cirrhosis is most commonly caused by viral hepatitis and alcohol abuse[1]; the 5- and 10-year survival rates of patients with compensated hepatic cirrhosis are 84% and 68%, respectively, while the 5-year survival rate of decompensated hepatic cirrhosis is only 14%[2]. According to the World Health Organization (WHO), about 800000 patients die of hepatic cirrhosis each year worldwide[3]. Thus, in order to develop new strategies for the diagnosis and treatment of hepatic cirrhosis, it is essential, despite being a major challenge, to establish large animal models similar to humans, which are applicable in all-round research, especially models of hepatic cirrhosis for application in surgery, intervention and pharmaceutical research. Currently, the following methods are widely used to establish animal models of hepatic cirrhosis or portal hypertension: carbon tetrachloride (CCl4); thioacetamide; surgical prehepatic portal ligation; and combinations of these methods. However, no approach is capable of fully simulating the entire pathophysiological process most frequently involved in the occurrence and development of posthepatitic and alcoholic cirrhosis[4]. In the present study, we successfully established a porcine hepatic cirrhosis and portal hypertension model through hepatic arterial perfusion with alcohol, which accurately reproduced the pathophysiological development process similar to that occurring in humans. The study results are reported below. 

MATERIALS AND METHODS
Materials
A total of 21 healthy Guizhou miniature pigs (male and female, 3-mo-old, 30-35 kg) were randomly assigned to six groups: experimental group 1 (n = 5), experimental group 2 (n = 5), experimental group 3 (n = 5), control group 1 (n = 2), control group 2 (n = 2) and control group 3 (n = 2). An intravenous channel was established via ear vein puncture, and an injection of propofol (Xi’an Libang Pharmaceuticals Co., Ltd., China) 2.5-3.5 mg/kg was used for combined anesthesia.

Surgical procedure

Percutaneous puncture of the porcine femoral artery or the external iliac artery was successfully performed using the Seldinger method under general anesthesia. A 5F or 6F arterial sheath (Avanti+, Cordis) was applied, followed by insertion of a 4F Cobra or hepatic catheter (Cordis, Miami, FL, United States) via the arterial sheath. Finally, one-step percutaneous portal vein puncture was successfully performed using a hepatic puncture needle (Angiotech, Vancouver, BC, Canada), followed by insertion of a 6F multi-sidehole pigtail catheter (Drainage Catheter-Locking Pigtail, Angiotech) into the portal vein, with its exposed part subcutaneously fixed into the lateral abdominal wall of the pig. Animals in the three experimental groups were perfused with 7, 12 and 17 mL of 80% alcohol (Beijing ZhenYuMinSheng Pharmaceutical Co., Ltd, Beijing, China), respectively, prepared using saline, via the common hepatic artery (the catheter was delivered avoiding the cystic and gastroduodenal arteries), while the animals in the three control groups were subjected to hepatic arterial perfusion with 7, 12 and 17 mL of saline, respectively. Before and after perfusion, hepatic arteriography was performed by means of DSA SimenziArtis using 9-15 mL Ultravist 370 (Bayer, Leverkusen, Germany) at 3 mL/s and 15 frames/s. Before perfusion, immediately after perfusion, and at 2, 4 and 6 wk after perfusion, portal phlebography was performed using 10-15 mL Ultravist 370 at 10 mL/s and 15 frame/s, and the portal venous pressure and diameter were then measured. If direct portal vein puncture failed, indirect portal phlebography was performed via the splenic artery using 10-15 mL Ultravist 370 at 2 mL/s and 15 frames/s, and the location of the portal vein was marked simultaneously, and direct portal vein puncture was performed thereafter with reference to this location. The following procedures were performed at different time points: routine blood sampling, biochemistry (liver function), blood coagulation and blood ammonia tests before surgery, and at 2, 4 and 6 wk after surgery; and multi-site, multi-point hepatic biopsies before surgery, within 6 h after surgery, and at 1, 2, 3, 4, and 5 wk after surgery (hepatic tissues collected by biopsy were subjected to pathological examination and METAVIR scoring). The METAVIR scoring criteria were as follows: 0 = no fibrosis; 1 = fibrosis without septum; 2 = fibrosis with a few septa; 3 = bridging fibrosis with numerous septa; 4 = cirrhosis. Abdominal enhanced CT examination was performed before surgery, and at 6 wk after surgery; and autopsy was conducted at 6 wk after surgery. The liver, spleen, esophagus, stomach, heart, lungs and kidneys were removed at autopsy and then fixed with 10% formalin for pathological examination. Multi-point histological samples of various liver lobes were obtained and evaluated by the following methods: firstly, samples were stained with hematoxylin, eosin and Masson’s trichrome stain, followed by observation under light microscope; and secondly, the degree of hepatic fibrosis was classified into levels 0 to 4 using image analysis software (0, no fibrosis; 1, < 10% fibrosis; 2, 10%-20% fibrosis; 3, 21%-50% fibrosis; 4, ≥ 51% fibrosis). And 1000 mg of cefminox sodium (BBCA Pharmaceutical, Hefei, China) was injected intravenously during surgery, 0.5 mg cefadroxil tablets (Qingyuan Huaneng Pharmaceutical Co., Ltd., Guangdong, China) were orally administered at a dose of 1 tablet/day for 2 wk, commencing 12 h after surgery, and enteric-coated aspirin tablets (Bayer) were orally administered at a dose of 100 mg/d for 6 wk for post-operative anticoagulation. 

Statistical analysis

SPSS 17.0 software was used for statistical analyses. The t-test was employed for comparison of quantitative data, and either the 2 test or Fisher’s exact test was used for comparison of qualitative data. A P-value < 0.05 was considered statistically significant.
RESULTS

Imaging findings
Hepatic arteriography: Before and after perfusion, there were no significant vascular changes in three pigs from experimental group 1 or in any of the pigs from the control groups. After perfusion, a slight decrease in peripheral branches of the hepatic artery (< level 4) was observed in two pigs from experimental group 1 and in one pig from experimental group 2, while there was a marked reduction in peripheral branches of the hepatic artery (< level 3) in four pigs from experimental group 2 and all pigs from experimental group 3 (Figure 1A, B).

Changes in the portal vein: Immediately after perfusion, no changes in portal venous branches were observed in three animals from experimental group 1 or in any of the pigs from the control groups, while a slight decrease in portal venous branches (< level 4) was found in two animals from experimental group 1. In all animals in experimental groups 2 and 3, a significant reduction in portal venous branches (< level 3) (Figure 2A, B) was observed. In addition, a widened portal venous diameter (t2 = 9.679, P = 0.001; t3 = 17.800, P = 0.0001) and an increased portal venous pressure (t2 = 16.808, P = 0.0001; t3 = 13.431, P = 0.0002) were found. Two weeks after perfusion, different degrees of bypass branches of the intrahepatic portal vein were found in the experimental groups during the observation period (Figure 2C). The main portal venous diameter also varied significantly, and was still greater at 6 wk after perfusion than before perfusion (t2 = 4.007, P = 0.016; t3 = 2.870, P = 0.028). At this time point, the portal venous pressure was higher than that before perfusion (t2 = 3.586, P = 0.023; t3 = 3.927, P = 0.008) (Tables 1, 2). Before and after perfusion, no significant changes in portal venous diameter or pressure were observed in experimental group 1 or the control groups (diameter: t1 = 2.269, P = 0.086; tcontrol = 2.236, P = 0.076) (pressure: t1 = 0.885, P = 0.426; tcontrol = 0, P = 1.0) (Tables 3, 4). 

Changes in liver size and spleen size: A computed tomography scan revealed no significant changes in liver size and spleen size in experimental group 1 and the control groups (tliver = 0.740, P = 0.468; tspleen = 0.597, P = 0.557). At 6 wk after perfusion, both liver size and spleen size in all animals of experimental group 2 and the three surviving animals of experimental group 3 were greater than those before perfusion (tliver = 2.312, P = 0.036; tspleen = 2.209, P = 0.044), whilst maintaining a uniform density and regular edges (Figure 3A, B and Figure 4A, B) (Table 5). 

Laboratory examination results

At 2 wk after perfusion, a slight increase in amino​transferase was observed in one animal from experi​mental group 1, all animals from experimental group 2 and the three surviving animals from experimental group 3, while other laboratory examination results were normal. Before perfusion and at 4 wk and 6 wk after perfusion, all laboratory examination results were within normal ranges in all animals from experimental group 2 and the control groups, as well as the three surviving animals from experimental group 3. 

Pathological changes

Pathological changes in the liver: After perfusion with 80% alcohol, thrombi formed in miniature and small hepatic blood vessels (Figure 5A), and early pathological changes such as endothelial injury, hepatocyte degeneration and necrosis (Figure 5B), and inflammatory cell infiltration were also observed. This was followed by the development of hepatic fibrosis as time increased. In experimental group 1, hepatic tissues had different degrees of fibrosis after surgery, up to level 4 (partial liver lobes), and one animal developed cirrhosis at 6 wk after perfusion, but did not die. In experimental group 2, all animals developed fibrosis postoperatively, with an increase in fibrosis level over time (Figure 5C). Fibrosis of the various liver lobes reached level 4, and developed into cirrhosis at different time points (Figure 5D), and the animals survived. In experimental group 3, one animal died at 1 wk and one died at 3 wk after surgery, and the remaining three animals developed different levels of fibrosis at different time points, which eventually reached level 4 and rapidly progressed to cirrhosis. A gross sample of cirrhotic liver was characterized by an increase in size, hardened tissues, decreased elasticity (Figure 6A, B), and small nodules uniformly distributed on the surface (Figure 6C). There was no change in fibrosis in any of the control animals (Table 6).

Pathological changes in other organs: The heart, lungs, kidneys and stomach of pigs in experimental group 1 and the control groups were all histologically normal. The spleen had different degrees of congestion in one animal from experimental group 1, all animals from experimental group 2 and the three surviving animals from experimental group 3 (Figure 7A). One animal from experimental group 2 and one animal from experimental group 3 had mild varicose veins on the stomach surface (Figure 7B). 

DISCUSSION
Many methods have been used to establish a hepatic cirrhosis model, such as CCl4[5,6], thioacetamide[7], chemical carcinogen induction[8], alcohol[9], biliary obstruction[6,10,11], dystrophy induction[12], schistosome induction[13], and immunological mediation[14]. These modeling methods are mainly applicable to the following administration modes: oral administration, inhalation, subcutaneous injection, and intraperitoneal injection. They all require drug absorption followed by entry into various body systems, which tends to damage not only the liver, but also other tissues and organs, and more importantly, may even cause animal death. The dead animals may further result in environmental pollution. In addition, rats or mice are used as experimental animals in most cases, which have a small blood volume and therefore cannot undergo several serological tests and imaging examinations. Rats or mice have a small body size and thus relatively small blood vessels, and when used as experimental animals, it is difficult to determine the changes in the portal vein. In addition, surgical procedures are complicated on such small animals, along with intervention, mini-invasive surgery, and biopsy for collecting pathological tissues. It is also not possible to observe pathophysiological changes in the liver during the modeling process. More importantly, there is a large difference in the anatomy, normal physiological and biochemical values, and in the development process of disease between rat or mouse models and humans[15]. Some researchers have also used large animals such as dogs and baboons to establish specific hepatic cirrhosis or portal hypertension models[16,17], but these models are also significantly different from humans in terms of the developmental process of common posthepatitic or alcoholic cirrhosis and portal hypertension caused by hepatic cirrhosis. In this study, using a hepatic cirrhosis model established by perfusing porcine hepatic arteries with a high concentration of alcohol (80%), we were able to perform serological and imaging examinations, evaluate changes in the portal vein at different time points, and observe physiological changes in the pigs as well. In particular, we were able to investigate the pathological developmental process of hepatic cirrhosis by means of hepatic biopsy at different sites and at different time periods. 

We used 80% alcohol for porcine hepatic arterial perfusion to establish a hepatic cirrhosis and portal hypertension model, and we observed and compared liver characteristics according to different perfusion doses. Our findings showed that hepatic fibrosis and cirrhosis occurred rapidly; hepatic fibrosis was observed as early as 1 wk after perfusion, and cirrhosis was found in some animals from experimental groups 2 and 3 as early as 2-3 wk. According to the literature, the occurrence of cirrhosis is usually reported 8 wk after perfusion[9,18]. In addition, our study demonstrated only a minor influence on liver function as a result of alcohol perfusion, and no injury to other important organs and tissues was observed during the development of hepatic cirrhosis, while previous reports have shown high hepatotoxicity[4]. The pathophysiological characteristics of hepatic cirrhosis and portal hypertension in our animal model were similar to those of early human posthepatitic and alcoholic cirrhosis, and were mainly demonstrated by the following results: (1) the serological examination was nearly normal; (2) the imaging examination showed an increase in liver size and spleen size, the formation of bypass circulation in the liver, and a widened main portal venous diameter; (3) some of the animals had increased portal venous pressure; and (4) hepatic biopsies at different sites and at different time periods confirmed the typical pathological development of hepatic cirrhosis. There was extensive hepatocyte generation and necrosis, as well as collapse of the liver lobule fibrous framework. The residual hepatocytes regenerated to form irregular, nodular hepatocyte masses (regenerative nodules). A large number of fibrous connective tissues proliferated to form fiber bundles and fibrous septa. The newly-formed fibrous septa connected with each other to enclose regenerative nodules or re-divide the residual liver lobules and remodel them into pseudo-lobules. The hepatic vascular bed was reduced, occluded, or distorted. The blood vessels were compressed by regenerative nodules. The normal relationship between intrahepatic portal veins, hepatic veins and small hepatic arterial branches was no longer present and communicating anastomotic branches were formed. Relatively uniform cirrhotic particles were observed on the liver surface, and the cirrhosis affected each liver lobe. Apart from the observation of splenic congestion caused by hepatic cirrhosis and mild varicose veins on the stomach surface of a few animals, other important organs and tissues were unaffected. 

In experimental group 1, there was a long duration and a low success rate of modeling by perfusion with 80% alcohol, but the animals all survived. In experimental group 2, there was a moderate duration and a high success rate of modeling, and the animals all survived. In experimental group 3, there was a short duration and a high success rate of modeling, but the rate of animal death was significantly increased. 

Establishing a large animal model of hepatic cirrhosis via a mini-invasive intervention is still in the exploratory phase. One study[19] has shown that when a porcine hepatic cirrhosis model is established by injecting an embolic agent containing 3:1 iodinated oil-alcohol into porcine hepatic arteries, the complex surgical procedure is challenging. Specifically, a metal spring loop is used to embolize non-target arteries, a micro-catheter is used to inject the embolic agent, and the portal venous pressure is measured indirectly by the hepatic venous pressure gradient (HVPG). As a result, total costs are markedly increased, the operation time is prolonged, tissue ischemia and necrosis within the embolization range of non-target blood vessels may occur, and large hepatic arteries may be embolized during injection of the embolic agent due to the properties of iodinated oil. In this experiment, 80% alcohol was slowly perfused into the left and right common hepatic arteries (away from the cystic and gastroduodenal arteries) via a 4F catheter, and then uniformly distributed into the liver by blood flow, based on the size and blood supply of the left and right hepatic arteries; and 1 mL 1% lidocaine was immediately injected after injection of 1 mL 80% alcohol until the dose of 80% alcohol was completely injected, to prevent spasm of large hepatic arteries. Only < level 3 hepatic arteries were embolized to preserve maximum blood and oxygen supply. After percutaneous hepatic portal vein puncture was successfully performed in all animals, a 6F multi-sidehole pigtail catheter was applied and lodged into the portal vein for phlebography and direct measurement of portal venous pressure and diameter. Therefore, this modeling method has many advantages, such as a simple surgical procedure, low costs, and the possibility of direct observation of changes in the portal vein and in portal venous pressure, as well as bypass branches and their distribution. Portal phlebography immediately after hepatic arterial perfusion with alcohol confirmed that alcohol passes through small arteries and enters into the hepatic sinus and subsequently small portal venous branches to produce combined hepatic arterial-portal venous embolization. Pavcinik et al[20] injected polyvinyl alcohol particles into porcine portal veins by percutaneous hepatic puncture to embolize portal venous branches to produce portal hypertension, however, 1 wk after the experiment they found that the portal venous pressure had decreased to the normal level, and hepatic cirrhosis did not develop. In a study of opposite hepatic decompensated hypertrophy after hepatic arterial embolization and portal venous embolization, Madoff et al[21] observed hepatocyte and endothelial injury, along with erythrocyte stagnation after injecting an embolic agent containing 3:1 iodinated oil-alcohol into porcine hepatic arteries, and 28 d after injecting polyvinyl alcohol particles into the portal veins and linearly embolizing the left and left-middle liver lobes, the histopathology showed atrophy of the portal vein region and interlobular septa in the embolized segments, without significant fibrosis. In the present study, hepatic biopsies were taken at different time points and pathological examination confirmed that hepatic arterial perfusion with diffe​rent doses of 80% alcohol caused thrombosis in miniature and small hepatic arteries, portal venous branches and veins, as well as the hepatic sinus, and endothelial injury. This was followed by hepatocyte degeneration and necrosis, as well as inflammatory cell infiltration, which eventually developed into the typical pathophysiological process of hepatic cirrhosis. As reported in the literature, at 6-8 wk after surgery, hepatic histopathology showed fibrous septa and pseudo-lobules, but localized cirrhosis, which was not uniformly distributed, and fibrosis at different levels; and portal venous pressure increased in some animals, as measured indirectly by HVPG[18]. At 2 and 6 wk after perfusion, the local hepatic biopsy pathology and gross pathology in all animals in experimental group 2, and in the surviving animals in experimental group 3, confirmed that a hepatic cirrhosis model was successfully established, with the majority of fibrosis reaching level 4. Samples collected from each site were observed to have cirrhosis, and relatively uniform cirrhotic nodules were found on the surface of various liver lobes. These results suggest that the injuring effect of alcohol on the liver is uniform. In addition, the physiological changes in early hepatic cirrhosis and portal hypertension were also directly confirmed by portal phlebography and portal venous pressure measurement, such as the occlusion of portal venous branches, increased portal venous pressure, widening of portal venous diameters, and the formation of intrahepatic portal venous bypasses. A total of eight animals developed hepatic cirrhosis, including all animals in experimental group 2 and the surviving animals in experimental group 3, of which five animals had concomitant portal hypertension. Among the pathological samples collected at a total of 32 sites in the left and right lateral and medial liver lobes of each animal, only the samples at two sites were observed to have level 3 fibrosis and those at the remaining 30 sites had level 4 fibrosis. This also indicated that the injuring effect of alcohol on the liver was uniform. However, one study[19] using an embolic agent containing 3:1 iodinated oil-alcohol, reported that only 5 of 20 sites in the 16 mL group, and 4 of 20 sites in the 28 mL group had level 4 fibrosis, which suggests that the injuring effect on the liver is not uniform[19]. 

In our study, the deaths in experimental group 3 were mainly attributed to liver failure caused by extensive hepatic tissue necrosis and to postoperative infection.

In conclusion, at 2-6 wk after hepatic arterial perfusion with 80% alcohol, a porcine hepatic cirrhosis or cirrhotic portal hypertension model can be successfully established, with the typical pathophysiological development process of early hepatic cirrhosis, and with mild or no injury to other organs and tissues. The suitable dose of 80% alcohol for hepatic arterial perfusion in this experiment was the 12 mL dose used in experimental group 2, but the most suitable alcohol concentration or dose for establishing hepatic cirrhosis or cirrhotic portal hypertension models still needs further in-depth research and investigation.

COMMENTS

Background

In order to develop new strategies for the diagnosis and treatment of hepatic cirrhosis, it is essential to establish large animal models similar to humans, which are applicable for all-round research, especially models of hepatic cirrhosis for application in surgery, intervention and pharmaceutical research. 

Research frontiers

Establishing a large animal model of hepatic cirrhosis via a mini-invasive intervention is still in the exploratory phase and significant improvements have been made. 

Innovations and breakthroughs

The authors developed a new method for establishing a porcine model of hepatic cirrhosis and portal hypertension by hepatic arterial perfusion with 80% alcohol, which accurately reproduced the pathophysiological development process similar to that occurring in humans.

Applications

The authors present a new method for establishing a porcine hepatic cirrhosis and portal hypertension model. The safety of this model depends on a suitable perfusion dose.

Terminology

Portal hypertension is hypertension (high blood pressure) in the portal venous system, which is composed of the portal vein, and its branches and tributaries.

Peer-review

This is an interesting manuscript about a porcine hepatic cirrhosis and portal hypertension model. Tables and Figures are interesting. 
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FIGURE LEGENDS
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Figure 1  Hepatic artery variation. A: Hepatic arteriography of experimental group 2 before perfusion showed good distribution of hepatic arteries and their branches; B: After hepatic arterial perfusion in experimental group 2, small peripheral branches of hepatic arteries were significantly reduced compared with before perfusion.
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Figure 2  Portal vein variation. A: Direct portal phlebography of experimental group 2 before perfusion showed the portal venous branches clearly; B: Portal phlebography immediately after perfusion showed a significant reduction in small portal venous branches and a widened main portal vein; C: Portal phlebography at 6 wk after perfusion showed that a large number of irregular bypass branches of intrahepatic portal veins were formed, which communicated directly with hepatic veins, and the main portal vein was still wider than that before perfusion.
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Figure 3  Liver size variation. A: Computed tomography of experimental group 2 before perfusion demonstrating normal liver size; B: At 6 wk after perfusion, liver size was markedly increased.

[image: image4.png]



Figure 4  Spleen size variation. A: Computed tomography of experimental group 2 before perfusion demonstrating normal spleen size and the spleen was thin and curled; B: At 6 wk after perfusion, spleen size was markedly increased; the spleen was not curled and extended into the hepatic fissure.
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Figure 5  Pathological variation. A: Within 6 h after perfusion in experimental group 2, thrombosis was evident in interlobular veins; B: At 2 wk after perfusion in experimental group 2, irregular, massive hepatocyte degeneration and necrosis were observed; C: At 4 wk after perfusion in experimental group 2, bile duct proliferation and dilation were evident; D: At 6 wk after perfusion in experimental group 2, pseudo-lobules formed with fibrous tissue proliferation and bridging fibrosis. Hematoxylin-eosin staining, magnification × 40 (A); × 200 (B-D).
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Figure 6  Gross sample of cirrhotic liver. A, B: At 6 wk after perfusion in experimental group 2, gross samples of diaphragmatic and ventral liver showed that hepatic tissues were hard and had poor elasticity, and various liver lobes were enlarged; C: Local amplification of the gross sample showed that there were relatively uniform regenerative nodules on the liver surface.
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Figure 7  Gross sample of the spleen (A) and stomach (B). A: At 6 wk after perfusion in experimental group 2, the gross sample of the spleen showed that the spleen was hard and congestive, and had a non-uniform color; B: At 6 wk after perfusion in experimental group 2, the gross sample of the stomach showed that there were small varicose veins on the stomach surface.
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Table 1  Changes of portal vein in experimental group 2 before and after perfusion


Portal venous diameter (mm)�
Pressure (kPa)�
Extrahepatic portal venous bypass�
Intrahepatic portal venous bypass�
�
Before perfusion (n = 5)�
�
�
�
�
1�
10.3�
1.4�
--�
�
1�
  9.8�
1.5�
--�
�
1�
11.4�
1.4�
--�
�
1�
12.2�
1.6�
--�
�
1�
10.0�
1.5�
--�
�
mean ± SD�
10.74 ± 1.02�
1.48 ± 0.84�
�
�
Immediately after perfusion (n = 5)�
�
�
�
�
1�
18.2�
2.5�
--�
�
1�
17.1�
2.7�
--�
�
1�
20.2�
2.6�
--�
�
1�
16.7�
2.9�
--�
�
1�
18.4�
2.4�
--�
�
mean ± SD�
18.12 ± 1.37�
2.62 ± 0.19�
�
�
2 wk after perfusion (n = 5)�
�
�
�
�
1�
13.6�
1.8�
--�
�
1�
12.7�
2.1�
-+�
�
1�
14.5�
2.0�
-+�
�
1�
13.3�
2.4�
--�
�
1�
12.9�
1.9�
-+�
�
mean ± SD�
13.40 ± 0.71�
2.04 ± 0.23�
�
�
4 wk after perfusion (n = 5)�
�
�
�
�
1�
12.3�
1.6�
-+�
�
1�
11.8�
1.9�
-+�
�
1�
14.1�
1.5�
-+�
�
1�
13.1�
2.1�
-+�
�
1�
11.7�
1.7�
-+�
�
mean ± SD�
12.60 ± 1.00�
2.04 ± 0.23�
�
�
6 wk after perfusion (n = 5)�
�
�
�
�
1�
11.5�
1.7�
-+�
�
1�
11.9�
1.8�
-+�
�
1�
16.1�
1.4�
-+�
�
1�
16.5�
2.1�
-+�
�
1�
11.8�
1.9�
-+�
�
mean ± SD�
13.56 ± 2.51�
1.78 ± 0.26�
�
�






Table 2  Changes of portal vein in experimental group 3 before and after perfusion


Portal venous diameter (mm)�
Pressure (kPa)�
Extrahepatic portal venous bypass�
Intrahepatic portal venous bypass�
�
Before perfusion (n = 5)�
�
�
�
�
1�
  9.5�
1.2�
--�
�
1�
10.3�
1.6�
--�
�
1�
11.5�
1.4�
--�
�
1�
  9.8�
1.3�
--�
�
1�
12.4�
1.5�
--�
�
mean ± SD�
10.70 ± 1.22�
1.40 ± 0.16�
�
�
Immediately after perfusion (n = 5)�
�
�
�
�
1�
19.4�
3.1�
--�
�
1�
18.6�
3.3�
--�
�
1�
21.1�
3.5�
--�
�
1�
17.9�
2.8�
--�
�
1�
19.7�
2.9�
--�
�
mean ± SD�
19.34 ± 1.21�
3.12 ± 0.29�
�
�
2 wk after perfusion (n = 4)�
�
�
�
�
1�
14.2�
2.4�
-+�
�
1�
15.4�
2.6�
-+�
�
1�
16.3�
2.8�
--�
�
1�
16.6�
2.6�
-+�
�
mean ± SD�
15.80 ± 3.66�
2.60 ± 0.16�
�
�
4 wk after perfusion (n = 3)�
�
�
�
�
1�
11.4�
2.2�
-+�
�
1�
16.5�
1.8�
-+�
�
1�
17.9�
2.1�
-+�
�
mean ± SD�
15.63 ± 1.08�
2.03 ± 0.21�
�
�
6 wk after perfusion (n = 3)�
�
�
�
�
1�
11.6�
2.1�
-+�
�
1�
18.3�
1.7�
-+�
�
1�
17.5�
1.9�
-+�
�
mean ± SD�
15.27 ± 3.36�
1.90 ± 0.20�
�
�






Table 3  Changes of portal vein in experimental group 1 before and after perfusion


Portal venous diameter (mm)�
Pressure (kPa)�
Extrahepatic portal venous bypass�
Intrahepatic portal venous bypass�
�
Before perfusion (n = 5)�
�
�
�
�
1�
10.5�
1.5�
--�
�
1�
10.3�
1.7�
--�
�
1�
10.6�
1.7�
--�
�
1�
11.4�
1.6�
--�
�
1�
10.2�
1.6�
--�
�
mean ± SD�
10.60 ± 0.47�
1.62 ± 0.84�
�
�
Immediately after perfusion (n = 5)�
�
�
�
�
1�
10.5�
1.6�
--�
�
1�
10.8�
1.9�
--�
�
1�
10.9�
1.6�
--�
�
1�
11.4�
1.5�
--�
�
1�
10.5�
1.8�
--�
�
mean ± SD�
10.82 ± 0.37�
1.68 ± 0.16�
�
�
2 wk after perfusion (n = 5)�
�
�
�
�
1�
11.0�
1.7�
--�
�
1�
10.6�
1.8�
--�
�
1�
11.1�
1.7�
--�
�
1�
10.9�
1.7�
--�
�
1�
11.2�
1.6�
--�
�
mean ± SD�
10.98 ± 0.23�
1.70 ± 0.07�
�
�
4 wk after perfusion (n = 5)�
�
�
�
�
1�
11.3�
1.6�
--�
�
1�
10.4�
1.9�
--�
�
1�
10.7�
1.5�
--�
�
1�
11.6�
1.5�
--�
�
1�
11.5�
1.8�
--�
�
mean ± SD�
11.10 ± 0.52�
1.66 ± 0.18�
�
�
6 wk after perfusion (n = 5)�
�
�
�
�
1�
11.7�
1.6�
--�
�
1�
11.1�
1.8�
--�
�
1�
10.3�
1.4�
--�
�
1�
11.0�
1.6�
--�
�
1�
11.4�
1.8�
--�
�
mean ± SD�
15.27 ± 3.36�
1.64 ± 0.17�
�
�






Table 4  Changes of portal vein in control groups before and after perfusion


Portal venous diameter (mm)�
Pressure (kPa)�
Extrahepatic portal venous bypass�
Intrahepatic portal venous bypass�
�
Before perfusion (n = 6)�
�
�
�
�
1�
10.3�
1.3�
--�
�
1�
10.1�
1.7�
--�
�
1�
10.7�
1.5�
--�
�
1�
10.2�
1.8�
--�
�
1�
9.6�
1.5�
--�
�
1�
9.9�
1.6�
--�
�
mean ± SD�
10.13 ± 0.37�
1.57 ± 0.18�
�
�
Immediately after perfusion (n = 6)�
�
�
�
�
1�
10.3�
1.4�
--�
�
1�
10．2�
1.6�
--�
�
1�
10.7�
1.5�
--�
�
1�
10.3�
1.8�
--�
�
1�
9.7�
1.6�
--�
�
1�
10.2�
1.5�
--�
�
mean ± SD�
10.24 ± 0.32�
1.57 ± 0.14�
�
�
2 wk after perfusion (n = 5)�
�
�
�
�
1�
10.1�
1.7�
--�
�
1�
10.3�
1.8�
--�
�
1�
10.4�
1.7�
--�
�
1�
10.6�
1．7�
--�
�
1�
9.9�
1.6�
--�
�
1�
10.3�
1.7�
--�
�
mean ± SD�
10.27 ± 0.24�
1.62 ± 0.12�
�
�
4 wk after perfusion (n = 6)�
�
�
�
�
1�
10.4�
1.4�
--�
�
1�
10.5�
1.7�
--�
�
1�
10.4�
1.6�
--�
�
1�
10.8�
1.7�
--�
�
1�
9.8�
1．5�
--�
�
1�
10.6�
1.6�
--�
�
mean ± SD�
10.42 ± 0.34�
1.58 ± 0.12�
�
�
6 wk after perfusion (n = 6)�
�
�
�
�
1�
10.6�
1.6�
--�
�
1�
10.3�
1.8�
--�
�
1�
10.2�
1.5�
--�
�
1�
10.6�
1.6�
--�
�
1�
10.1�
1.7�
--�
�
1�
10.4�
1.7�
--�
�
mean ± SD�
10.37 ± 0.21�
1.65 ± 0.10�
�
�






Table 5  Changes of liver size and spleen size in experimental group 1 (5 pigs), experimental group 2 (5 pigs), experimental group 3 (3 pigs) and control groups (6 pigs) before perfusion and at 6 wk after perfusion


�
Liver size (cm3)�
Spleen (cm3)�
Avoirdupois (kg)�
�
Experimental groups 2 + 3�
�
�
�
�
Before perfusion�
508 ± 67�
113 ± 38�
32.9 ± 3.8�
�
6 wk after perfusion�
589 ± 73�
159 ± 46�
40.7 ± 3.5�
�
Experimental group 1 + control groups�
�
�
�
�
Before perfusion�
479 ± 85�
102 ± 47�
33.8 ± 2.9�
�
After perfusion�
504 ± 73�
111 ± 39�
39.5 ± 3.5�
�






Table 6  Histopathological changes of hepatic biopsy samples within 6 h after perfusion with different concentrations of alcohol


Group�
Venous hepatocyte thrombosis�
Hepatocyte degeneration�
Inflammatory cell necrosis�
Endothelial cell infiltration injury�
�
Experimental group 1 (n = 5)�
3�
1�
0�
1�
�
Experimental group 2 (n = 5)�
5�
4�
2�
3�
�
Experimental group 3 (n = 5)�
5�
5�
4�
5�
�
Control group (n = 6)�
0�
0�
0�
0�
�









