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Abstract: The incidence of liver diseases is on the leading rise worldwide, but there is a lack of exact research
models mimic liver diseases. Using the normothermic machine perfusion (NMP) platform to study diseased
livers recovered from the liver transplantation (LT) recipients seems promising. Therefore, the aim of this study
was to establish the first machine perfusion system called Life-XDL to cultivate diseased liver. Four diseased
livers recovered from LT recipients within different diagnoses were collected. The diseased livers were
connected to the Life-XDL machine perfusion system that circulated Life-XDL perfusate providing oxygen and
nutrients. The pressure and flow of the device was recorded and blood gas analysis and laboratory test of
perfusate and bile was examined to analyze the function of the diseased livers. Liver tissues after perfusion
were collected for histological analysis. Experiments showed that Life-XDL kept the diseased livers at the
physiological state with providing stable hemodynamics and suitable partial pressure of oxygen and carbon
dioxide. The results of blood gas analysis and laboratory test results demonstrated restoration and maintenance
of metabolism and less damage. Moreover, the bile production of case 1, 3 and 4 diseased livers represented its
vivid functionality. The pathological characteristics were kept stable before and after NMP. Overall, we
successfully establish the Life-XDL machine perfusion system which specially for diseased human whole liver
and develop a new diseased human whole organ model in vitro through normothermic machine perfusion that
recapitulate the main features of the human liver disease, which showing great promise as disease modeling
platforms.

Keywords: normothermic machine perfusion; diseased livers

1. Introduction

Liver diseases have placed a huge burden on global public health, leading to 2 million deaths
worldwide each year. This includes 1 million deaths dues to complications of cirrhosis, with the
remainder dying from liver cancer or viral hepatitis[1]. Liver diseases that progress to advanced
stages are often fatal or need lifelong management. Therefore, there is an urgent need for
understanding of pathogenesis and development of drugs aimed at reversing[2] or limiting the
progression of liver disease. Over the years, efforts have been made to gain insight into liver diseases
with a variety of diseased research models, from hepatocytes cultured in vitro, to small (e.g., rodents)
and large animal (e.g., dogs, primates, pigs) models, with the purpose of using them for various
clinical applications, biochemical and pharmacological studies[3]. More advanced models, including
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use of bio-artificial liver and three-dimensional (3D) cell culture, as well as liver organoid have also
been employed[4-6]. However, none of them has capability to faithfully represent complete and
accurate physiological and pathological features of human liver, making it difficult to translate
relevant studies of clinical manifestations.

Ex vivo normothermic machine perfusion (NMP) is an innovative technology in preservation of
organ that approximates to normal liver physiology and metabolism without energy depletion and
accumulation of waste products outside of the human body[7]. NMP is gaining in popularity globally
as a technology to preserve and evaluate grafts during liver transplantation (LT), which has been
proved to inhibit inflammation and minimize liver injury to maintain the stability of internal
environment[8,9]. Clavien et al. created breakthrough work to extended the period of ex situ
preservation of livers through NMP for up to 1 week[10], making it possible for livers to survive
normally in vitro for a long time. All these lay a foundation for the establishment of human whole
diseased liver by NMP. To date, many research groups are investing NMP as a dynamic platform for
liver repair and regeneration. Thence, we turn to the human whole diseased livers recovered from
LT recipients which may realistically imitate liver diseases better. However, there is no established
machine perfusion device specifically for diseased liver.

We aim to cultivate diseased liver by engineering a machine perfusion system that could
reproduce the main features of the human whole diseased livers recovered from LT recipients.
Herein, we firstly demonstrate the machine perfusion device suitable for the human whole diseased
livers and report our experience on NMP of human whole diseased livers, which may be used for
disease and treatment research.

2. Materials and Methods

2.1. Study design

This study took the human diseased livers recovered from LT recipients for research. These
diseased livers were removed during total liver resection of the recipients and then transferred to the
machine perfusion system for treatment. Exclusion criteria for diseased liver were severe organ
parenchymal, severe vascular retrieval damage, vascular anomalies that could not all be cannulated,
the evidence of possible intrahepatic thrombosis, very poor perfusion at retrieval after cold flush. The
study protocol was approved by the Ethical Committee of The First Affiliated Hospital of Sun Yat-
sen University, and informed consent was obtained from the participants.

2.2. Normothermic machine perfusion system

The machine perfusion system in this study called Life-XDL was developed on the basis of the
Life-X100 (Guangzhou, Guangdong, China) which used for human whole diseased livers perfusion
specially (Figure 1). The Life-XDL consisted of an integrated system included perfusion system, liver
protective equipment and console.
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Figure 1. Life-XDL machine perfusion system. (A) The appearance of Life-XDL machine perfusion
system. (B) The machine perfusion piping kit of Life-XDL. (C) Simplified schematics of the perfusion
machine with all main components of Life-XDL machine perfusion system.

2.2.1. The perfusion system of the Life-XDL

2.2.1.1. Hemodynamic control

Two magnetic driving centrifugal pump and two circuits constituted the hemodynamic
perfusion system. Flow sensors and pressure sensors measured flow and pressure in the respective
circuit tube lines. The hemodynamic perfusion system supplied blood, oxygen and nutrients to liver
through the hepatic artery and the portal vein. The hepatic artery circuit delivered oxygen-rich blood
to the hepatic artery at high pressure (systolic and diastolic pressure of 80mmHg and 50mmHg
respectively with 60 beats per minute) in a pulsatile manner, while the portal vein circuit supplied
blood to the portal vein at low pressure (8-13 mmHg) at a non-pulsatile manner. The hepatic and
portal flow rate were regulated by their pump respectively and the pulsatile flow in the hepatic artery
was realized by varying rotational speed operation of the blood pump. There was also a blood filter
in each circuit to filter air bubbles and impurities. The blood in the diseased liver was returned to the
organ reservoir by the vena cava and then directly to the blood reservoir. What's more, the
temperature control set maintained the perfusate temperature at the physiological temperature of
37°C and continuously monitored it, even could be adjusted according to the clinical needs ranging
from 10-45°C.

2.2.1.2. Gas supply control

Two membrane oxygenators and two individual gas-flow controllers for oxygen and air were
used to maintain the stability of oxygen partial pressure (pO2), oxygen partial pressure (pOz), and
even potential of hydrogen (pH) during NMP. Both of two circuits had an oxygenator which
provided oxygen to the blood and removed carbon dioxide. By adjusting flow and oxygen
concentration, pO: was adapted between 100-200 mmHg and pCO: was adapted between 25-45
mmHg. In addition, the system continuously monitored the oxygen saturation in the vena cava using
a saturation sensor. The system used this saturation sensor to continuously monitor the oxygen
saturation, and adjusted the oxygenation exchange rate and hepatic blood flow through real-time
feedback.

2.2.2. The liver protective equipment of the Life-XDL

The organ reservoir, silicone mat and protective cover constituted the Life-XDL liver protective
equipment. The solid organ reservoir kept the liver in a safe place, even if there are bumps in transit.
The silicone mat could effectively reduce the pressure on the liver surface after improvement based
on the mechanics, and even filtered out impurities or thrombosis that occurred during machine
perfusion. In addition, it could prevent bubbles from entering the circulation circuits. The protective
cover was matched with the organ reservoir to effectively protect the organ, and can effectively
prevent bacterial invasion.

2.2.3. The intelligent console of the Life-XDL

The console was composed of water bath heating temperature control module, artery control
module, portal vein control module, automatic drug delivery module and monitoring module. The
console could clearly display the condition of the diseased liver during NMP, including arterial and
portal temperature, flow and pressure, and record the situation for a long time. Its operation was
simple, and it even could be adjusted to achieve different temperature machine perfusion.

2.2.4. Perfusate components and additives
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The perfusate was prepared by mixing 8 units of human-packed washed red blood cells, 800ml
succinylated gelatin, 10ml multi-trace elements (Addamel, Fresenius-Kabi SSPC, China), 30ml
calcium gluconate (10%) and 3ml magnesium sulfate (25%). Perfusion was maintained at
normothermia (36°C) without perfusate exchange and anticoagulated using heparin (17500U, daily).
The imipenem/cilastatin (1g daily) was used for antibiotic prophylaxis. Nutrition was maintained
with compound amino acid (18AA-II) (10ml per hour) and methylprednisolone (500mg daily).
Glucose was maintained between 5-15mmol/L by glucose (10%), and insulin infusions, and the acid—
base balance was maintained to a pH of 7.35-7.45 by carbon dioxide concentration of gas or sodium
bicarbonate (5%) according artery blood analysis results.

2.3. Diseased liver harvest and perfusion

The diseased livers were all recovered from recipients who had undergone LT. We developed a
surgical procedure for isolating the diseased liver and its vascular supply during total liver resection.
The cystic duct was ligated first, then the lower common bile duct was transected and intubated,
followed by intermediate resection of the hepatic artery proper and portal vein. For the purpose of
intubation and subsequent operation, the main portal vein should be preserved 2.5cm long from the
left and right bifurcation and the artery should be isolated to the proper hepatic artery. Finally, the
liver was retrieved by resection of the suprahepatic and infrahepatic vena cava.

An immediate cold flush through both hepatic artery and the portal vein was carried out with
1500 mL normal saline and 37500U heparin at 4 °C to wash out the residue blood of the retrieved
livers. The hepatic artery and portal vein were intubated and connected to the Life-XDL and the ex
vivo NMP was initiating. During the first period of perfusion, the perfusion starting pressure of
hepatic artery and portal vein were low and temperature increased slowly, and then gradually
adjusted to the setting pressure and temperature levels. In addition, in order to promote
microcirculation of livers during the first period of perfusion, vasoactive drugs like papaverine and
diltiazem were usually added and maintained as necessary.

2.4. Liver viability assessment and histological analysis

The arterial blood gas analysis and laboratory test of perfusate in all the cases as well as bile
production were performed in different time point. In addition, the perfusate was also undergone
bacterial culture before and after NMP to determine if there was any bacterial invasion. The tissues
of all human diseased livers were collected to Paraffin-embedded slides at the beginning and end of
NMP and those slides were deparaffinized with xylene and dehydrated with graded alcohols, then
hematoxylin-eosin (HE) staining for histological analysis.

3. Results

3.1. Liver recipient characteristics

In this study, we used the Life-XDL machine perfusion system to establish four case of diseased
liver models, including hepatitis B virus (HBV) related cirrhosis, hepatocellular carcinoma (HCC)
with HBV related cirrhosis, HCC with non-alcoholic steatohepatitis cirrhosis, and polycystic liver.
The four cases diagnosed with or without hepatitis B virus infection and underwent LT in the First
Affiliated Hospital of Sun Yat-sen University in 2021 or 2022. The liver’s computed tomography (CT)
scans of the four cases before LT are shown in Figure 2A. The basic characteristics of the four cases is
shown in the Table 1.
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Figure 2. The preoperative CT scans in four recipients and the machine perfusion of the diseased

livers recovered from LT recipients. (A) The CT scans of the four recipients before LT. (B) Macroscopic
images of diseased livers during NMP. (C) Histological assessment of diseased livers before and after
NMP. (The Histological assessment of case 1 and 4 are the HE staining of liver cells, while case 2 and
3 are the HE staining of hepatocellular carcinoma before and after NMP.CT, computed tomography;
HE, hematoxylin-eosin; LT, liver transplantation; NMP, normothermic machine perfusion.

Table 1. The baseline demographic characteristics of 4 cases.

Characteristics Case 1 Case 2 Case 3 Case 4
Age (years) 63 56 53 38
ABO blood B B A AB

Gender Male Male Male Female
BMI (kg/m?) 242 20.2 25.2 24.0
Hypertension No No Yes No
Diabetes No No No No
. . HBV related HCC with HBV ~ HCC with non-alcoholic o
Diagnosis . . . . N . Polycystic liver
cirrhosis related cirrhosis  steatohepatitis cirrhosis
History of HBV Yes Yes No Yes
HBV-DNA (IU/ml) 1.89%104 <100 <100 1.77*103
WBC (*10%/L) 4.19 2.79 6.79 3.6
Hb (g/L) 128 126 161 99
PLT (*10%L) 159 88 139 204
Na* (mmol/L) 140 140 138 140
K* (mmol/L) 4.34 3.58 4.22 4.16
ALT (U/L) 31 40 38 10
AST (U/L) 37 56 32 18
Bilirubin (mmol/L) 9.3 37 11.6 9.2
Serum ammonia
(umol/L) 30 50 25 11
Creatinine (umol/L) 81 72 83 61
PT (s) 14.4 14.5 121 15.5
INR 1.13 1.29 1.07 1.22
MELD 5 12 6 6
WIT (min) 14 13 8 10
CIT (min) 110 83 63 60

Duration of NMP (h) 60 56 20 24
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Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CIT,
cold ischaemia time; Hb, hemoglobin; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; INR, international
normalized ratio; K*, kalium; MELD, model for end-stage liver disease; Na*, natriumion; NMP, normothermic
machine perfusion; PLT, platelet; PT, prothrombin time; WBC, white blood cell; WIT, warm ischaemia time.

3.2. Stable and homogeneous vascular perfusion and perfusate homeostasis during NMP

During the entire perfusion, the Life-XDL machine perfusion system was stable, and no technical
problems were observed. The pO: was fluctuated between 90-310 mmHg indicating a normal
oxygenated condition (Figure 3A), while the pCO: of all four livers was kept stable range from 20 to
65 mmHg conducted by Life-XDL (Figure 3B). The four cases portal vein flow was maintained stable
at 0.5-1.3 L/min at 1 hour after perfusion with the pressure stabilizing at 5-17 mmHg (Figure 3C and
3D). In case 1, although the arterial flow rate did not reach 150ml/min, it remained stable and
gradually increased during the entire perfusion with mean perfusion pressure at 70 to 90 mmHg. In
case 2 and 3, the mean hepatic artery flow was kept stable at 1 hour after perfusion ranged from 150-
310 ml/min with mean perfusion pressure at 40 to 60 mmHg. In case 4, although mean arterial
pressure remained high at around 75mmHg, arterial flow ranged from 150-300 ml/min stably (Figure
3E and 3F). These findings suggested that the microvasculature was patent and the pOz, pCO, artery
and portal vein pressure and flow were kept at the approximate physiological state under Life-XDL.
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Figure 3. The dynamic changes of machine perfusion parameters of diseased livers during NMP. (A),
(B) The dynamic changes of pO: and pCO: in the perfusate during NMP. (C), (D) The dynamic
changes of portal pressure and flow rates during NMP. (E), (F) The arterial pressure and flow rates
during NMP. NMP, normothermic machine perfusion; pCO2, partial pressures of carbon dioxide;
pO2, partial pressures of oxygen.

3.3. Excellent organ viability and minimal liver function injury during NMP

The pH value of perfusate was maintained above 7.3 in most of time. Although the pH of the
perfusate in case 1 showed a downward trend during 30-36h and in case 2 showed a downward trend
during 24-28h and 40-52h, it could reach more than 7.3 after adjustment, which might be caused by
the gradual rise of the pCO: and not timely adjustment (Figure 4A). The lactate levels of perfusate
was slightly increased or unchanged at the initiation of the perfusion in case 1, 2 and 3, but rapidly
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decreased and remained at a low level as time went on, although it showed a slightly increasing trend
at the later stage of perfusion. In case 4, lactate levels increased at the initiation of the perfusion and
remained at about 5 mmol/L at 3 hours after perfusion (Figure 4B). Aspartate aminotransferase (AST)
levels increased in 4 cases at the initiation perfusion (Figure 4C), which may be related to ischemia-
reperfusion injury. The increase of the AST levels was the least in case 2. In case 1, the AST levels was
gradually stable at 48 hours after perfusion, which may indicate that the liver was not further
damaged. Additionally, no bacterial invasion was observed before and after NMP.
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Figure 4. Normothermic machine perfusion and assessment of diseased livers viability. (A), (B) The
dynamic changes of pH value and lactate levels in the perfusate during NMP. (C) The dynamic
changes of AST levels of diseased livers during NMP. (D) The dynamic changes of pH value of bile
in diseased livers during NMP. AST, aspartate aminotransferase; NMP, normothermic machine
perfusion; pH, potential of hydrogen.

All these proved that Life-XDL machine perfusion system could provide a stable environment

homeostasis for the diseased livers and the diseased livers had good viability and less damage during
NMP.

3.4. Continuous bile production with good quality during NMP

Bile was produced in all the four diseased livers during perfusion. The case 1 began to produce
bile, producing about 1-2ml per hour, with little volume and light color at 9 hours after perfusion,
the case 2 began to produce small amounts of bile at 48 hours after perfusion, which lasted about an
hour and stopped producing it, the case 3 produced bile throughout the machine perfusion period,
the output was about 2ml per hour and the case 4 began to produce bile at 5 hours after perfusion
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with 1-2ml per hour with light color. The pH value of bile produced by the diseased liver of the 4
cases was almost maintained above 7.5 (Figure 4D).

Overall, these data demonstrated maintenance and restoration of metabolism and bile
production of the diseased livers by Life-XDL machine perfusion system.

3.5. Preserved architectural integrity during ex situ NMP of human diseased livers in macroscopic and
microscopic evidence

The four diseased livers had homogeneous perfusion with soft consistency during entire
perfusion (Figure 2B). No obvious bleeding was observed in the appearance of the 4 diseased livers
during NMP. The diseased livers did not appear mottled with parenchymal petechiae and the edge
of the livers were ruddy and there was no obvious poor perfusion. HE staining analysis before and
after NMP showed the liver tissue integrity was preserved and no further damage was observed in 4
diseased livers (Figure 2C). There was no obvious intrahepatic thrombosis and no obvious congestion
in hepatic sinusoid in all diseased livers. What’s more, in the tumor biopsies of cases 2 and 3, the
tumor cells and histological structure were well preserved after NMP without significant damage
(Figure 2C). This indicated that Life-XDL machine perfusion system could effectively protect the
diseased livers from damage during NMP.

4. Discussion

Due to the lack of models that can fully represent the physiopathological states of diseases and
can be used to test potential treatments more accurately, the therapeutic field of liver diseases has
developed extremely slowly. Here, we successfully modified the machine perfusion device to make
it suitable for the human whole diseased liver and established human liver models of liver diseases
model by perfusing human whole diseased livers recovered from recipients undergoing LT,
demonstrating that human diseased livers could remain fully functional and viable outside of body
in a stable and reproducible manner. We consider these achievements as a breakthrough that
provides a novel tool to understand underlying mechanisms and treatment strategies for those “futile
diseased liver” obtained from LT as well as opening up unexplored horizons for organ-based
medicine.

Studies show that two-dimensional (2D) cell lines and animal models have been successfully
applied in biomedical fields over the past 100 years for purposes such as clarifying the underlying
pathological mechanisms of diseases and identify potential drug targets[11]. However, 2D cell lines
often disregard the interactions of cell-to-cell or cell-to-matrix interaction, and their natural system
components[12]. On the other hand, although animal models are better able to approximate the
complex phenotypes in the body, the species differences between animals and humans make it
difficult to translate relevant studies on animal models into bedside[11]. Promising models like 3D
culture systems termed “organoids” derived from primary tissues could self-renew, self-organize,
differentiate and even faithfully mimic their genetic complexity[13]. Nevertheless, owing to lacking
stromal components and immune system, organoids could hardly reproduce heterogeneity, immune
microenvironment and vascular network in vitro[14]. So, what is the best model for medicine
research? Long-term NMP preservation of organs seems to give us hope[15].

NMP, which can offer nutrients and oxygen to the liver in an approaching physiological state,
provides a unique opportunity for viability assessment and organ preservation. With NMP
technology, we invented a novel transplant procedure of ischemia-free liver transplantation (IFLT),
which yielded a better post-transplant prognosis and allowed the successful application of extended
criteria donor[16]. In addition, previous studies had shown that NMP could enable human livers with
normal function and organ architecture to be successfully preserved in vitro for up to 12 days[17].
Metabolic function (lactate clearance, pH maintenance), excretory function (bile production and bile
composition), graft appearance, consistency, and hemodynamics (flow, pressure and resistance) can
be used as important parameters to assess liver viability during NMP. Many studies have suggested
that falling perfusate lactate levels are considered to be a sign of liver viability[18-20]. Some studies
believe that the lactate levels should remain at <2.5 mmol/L for a period of time before any transplant


https://doi.org/10.20944/preprints202308.0967.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 August 2023 d0i:10.20944/preprints202308.0967.v1

10

decision is made[21]. Similarly, bile production is a unique function of the liver and well reflect the
viability of liver, requiring the integrity of multiple cellular and metabolic components. In the present
study, the lactate levels of diseased livers declined rapidly or kept a stable level during NMP, and all
diseased livers continued producing bile with good quality. Moreover, hemodynamic stability of
hepatic artery and portal vein is an important viability assessment of liver as well. Increased vascular
resistance during machine perfusion has generally been considered to be a sign of poor liver
viability[22]. Most clinical NMP studies have included certain flow thresholds (>150 mL/minute for
hepatic artery and >500 mL/minute for portal vein) as a key parameters of liver function[17,21], which
are almost consistent with the flow and pressure of hepatic artery and portal vein observed in our
study. Additionally, all diseased livers had homogeneous perfusion with soft consistency of
parenchyma. Histological analysis further demonstrated the no or minimal reperfusion injury was
observed in all diseased livers. Altogether, these results suggest that all diseased livers keep sustained
function and viability during ex vivo NMP.

Because of the unique pathophysiology of the diseased liver, it is different from the normal liver.
Patients with end-stage liver disease have poor coagulation function[23] and may develop severe
hemolytic anemia[24]. The machine perfusion of the diseased liver had a high demand on blood, and
hemolysis should try to be avoided during the perfusion. The driving and operating parts of the
magnetic driving centrifugal pump adopted permanent magnets, so that the flow rate was precisely
controlled by controlling the rotational speed of the driving part of the motor. There was shown that
the use of centrifugal pumps could significantly reduce hemolysis and the microemboli generation
and preserve better platelet count[25,26]. In addition, thrombus or bubbles that form during machine
perfusion could also be removed through two blood filter to reduce the residual impurities in the
perfusate and reduce the risk of hemolysis. What's more, the livers perfused on static systems support
were often observed poor or heterogeneous perfusion of the hepatic parenchyma and consecutive
local pressure necrosis[10,27,28]. In liver diseases such as cirrhosis or liver cancer with cirrhosis, their
liver parenchyma was replaced by fibrotic tissue and regenerating nodules, leading to portal
hypertension[29], which might result in the diseased livers being more susceptible to become
inadequate marginal perfusion during perfusion. The perfusion machine did not mimic the
diaphragm movement to make the liver move rhythmically as in other studies[10], the silicone mat
was improved to reduce the hepatic pressure and promote the hepatic marginal perfusion, which
could be reflected from the low transaminase during entire machine perfusion. Besides, the
microbiome and pro-inflammatory bacterial components contributed to the progression of liver
diseases[30]. The application of protective cover as well as antibiotics during NMP could keep the
diseased liver in a aseptic condition.

Based on the NMP of human diseased livers, we can build up the personalized isolated organ
research platform. The system provides an approaching physiological state of human liver, enabling
to comprehensively study the pathophysiology of liver diseases. Furthermore, the controllable
perfusate contents offers possibility to combine other therapies with Life-XDL. Several attempts have
been made to add pharmacologic treatments during perfusion. Evidences showed that the addition
of drugs like defatting cocktail with NMP was effective in reducing liver steatosis[31,32].
Furthermore, Sampaziotis et al. founded that the angiotensin-converting enzyme 2 in the circulating
perfusate and tissue of organs could be downregulated and severe acute respiratory syndrome
coronavirus 2 infection could be reduced ex vivo by systemic administrating the approved drug
ursodeoxycholic acid during machine perfusion[33]. What" more, NMP of diseased livers or other
organs has the potential for benefits in the field of oncology, both with regard to research and
therapeutics. The liver with carcinomas under NMP could even serve as a guide for personalized
cancer therapeutics. HBV is a major cause of cirrhosis and hepatocellular carcinoma. However, due
to the narrow host range of HBV, which can only infect humans and chimpanzees, there is still a lack
of related disease models with a complete immune response map[32]. The combination of novel
drugs with NMP for preclinical efficacy evaluation in cirrhosis and HCC is promising. Through our
platform, it will be easier to screen out effective drugs for liver diseases, as well as to identify targeting
markers of relevant therapeutic drugs through large-scale screening of diseased livers, so as to
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achieve individualized treatment for liver disease patients. In addition, the system could even be
used for preclinical evaluation of drug hepatotoxicity. The liver is an important organ for drug
accumulation, transformation and metabolism, and during the drug administration, the liver damage
may occur due to the drug itself or/and its metabolites, which is called drug-induced liver injury
(DILI). With our ex vivo liver models, the pharmacokinetics and metabolism of novel research and
development drugs can be measured to help define the dose range of drugs, thereby reducing the
occurrence of DILI in clinical trials.

Our experiences suggest that the substantial need of several technological improvements to
achieve successful ex vivo NMP of diseased livers. Firstly, the resection process of diseased liver
during LT induces various periods of warm ischemia, which is demonstrated by the increase in AST
in initial stage of NMP. We developed a protocol that initially administers low perfusion pressures
of hepatic artery and portal vein and slowly rewarms the diseased livers during the first period of
perfusion in order to promote restitution of cellular homeostasis and reduce rewarming injury by
upregulating of metabolism, which has been previously shown to have beneficial effects[34,35].
Secondly, the composition of perfusate need to be improved. For exemple, if the essential components
like taurocholic acid of bile production were added to the perfusate, it was possible to improve the
quantity and quality of bile production. What’s more, for each different disease liver, it may be
necessary to add specific perfusate contents to form a personalized perfusate for the diseased liver,
which will more conducive to the maintenance of diseased liver. Thirdly, in order to further long-
time machine perfusion of the diseased liver, some necessary devices like dialysis device may be
added.

5. Conclusions

This study demonstrates the first machine perfusion called Life-XDL special for human diseased
livers and offers an important finding as establishing a novel model of human diseased liver and
could provide opportunities for pharmacological, immunological and genetic research an
interventions. This new research may have wider applications than those described herein and could
potentially help to bridge the gap between basic medical science and clinical research.
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