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Abstract




Purpose: Ex vivo testing is a fundamental step in the development of new medical devices, indeed without it, it's not possible to proceed with in vivo tests. At the University of Florence, a robotic tool for microwave thermal ablation is under development. Up to now, the thermoablation tests for the validation of the tool were carried out on non-perfused ex vivo livers, providing results that inevitably differ from those obtainable with an in vivo liver. The aim of this work is to design, and consequently create, a compact and transportable system which allows to perfuse a pig liver with physiological solution and heparin. This device should also allow the organ to be transported from the place of the explanation to the laboratory, keeping it under normothermal condition.



Methods: The perfusor was designed to simulate the physiological flow within the liver in the most realistic way possible. The design, construction and optimization of the perfusor have been addressed using the physiological values of hepatic flow and pressure identified in the literature, neglecting in the first instance any load losses. Therefore, open circuit tests were conducted, validated through perfusion tests on freshly explanted pig liver; during these tests, the surface temperature of the organ was recorded using an infrared camera, and the fluid temperature was verified using an immersion probe. Summary: The perfusion test showed a good alignment with the open circuit tests, demonstrating the validity of the simplifications adopted to treat the complex vascular structure of the liver. 






 












Introduction


The liver is placed in the highest part of the abdominal cavity. In the embryo is divided into two almost equivalent lobes, right and left; in the adult, however, the left lobe develops much less than the right lobe, and the respective limit of the two lobes moves to right, resulting in an asymmetric organ with an irregular shape. In relation to the hepatic vascularization, i.e. the distribution of the main branches of veins, arteries, and bile ducts, it is possible to identify an anatomical description of the liver: a functional anatomy that is well suited to liver surgery. The functional classification of the liver, started in 1898 by Cantlie [1], is currently based on the Stras- berg studies with the new classification Brisbane [2], according to the several modality of liver resection Strasberg et al. [2]. The "anatomical-surgical" conception of the hepatic parenchyma takes into account the parenchymal ultrastructure, and therefore the elementary functioning units, introducing the concept of the hepatic segment. The hepatic veins divide the two lobes, right and left, into sectors and segments characterized by the fact that they possess an autonomous vascular support and a distinct biliary drainage.



The segmental anatomy of the liver therefore contemplates 8 segments (Figure 1). The left lobe is formed by segment 1, 2, 3 e 4; segment 4 is divided in turn into two hemi segment, 4a e 4b, located in the upper and lower portion, respectively. The right lobe is formed by segment 5, 6, 7, 8. Segment 1, located behind the two large lobes, has a drainage in itself, directly into the vena cava. The liver has important regenerative characteristics, such as to allow the removal of some of its parts without compromising its functioning; however, such critical situations may occur that require removal of the organ by transplantation. The main source of organs comes from donors with heart still active, even in the presence of brain death (heart-beating donor, HBD), from which organs can be removed with minimal interruption to oxygenation before cooling and preservation Vogel et al. [3]. Because of the increasing demand, organ transplants from living donors and, even marginally, the organs from cadavers (non-heart- beating donor, NHBD) have both entered clinical practice Tolboom et al. [4], Strasberg, Howard et al. [5] Moers [6]. 
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Figure 1:  The segmental anatomy of the liver therefore contemplates 8 segments.




 


 

 
These organs are known to be more inclined to malfunctions Abt et al. [7], Chan et al. [8], Merion et al. [9], Reich et al. [10], making sure that up to 40% of them are previously discarded as a potential cause of problems after transplantation Fukumori et al. [11]. Due to the increasing use of these organs, interest in strategies aimed at optimizing the conditions during the conservation period has increased, in order to achieve better results: a prolonged graft survival, a decrease in malfunctions and, therefore, of second transplants. The standard procedure provides a static cold storage of the explanted organ, according to the principle of slowing down the metabolism and the reduction of cellular swelling thanks to the composition of the solution used for storage. The problem with this method is that it can damage the liver in the later stages of the procedure, from storage to perfusion before grafting Vogel et al. [3], Brockmann et al. [12]. A more innovative system for organ preservation is the normothermal perfusion, which, together with adequate oxygenation, has allowed it to be kept alive for several days.


The main difference between the cold storage preservation and the normothermic preservation is that, in the latter, the organ metabolism is maintained through the combination of a continuous circulation of metabolic substrates for the regeneration of ATP and the removal of waste products Vogel et al. [3]. The perfusion systems currently on the market are able to keep the liver awaiting transplantation alive Ravikumar et al. [13], as they allow a real regeneration of the liver tissue, even if partially damaged, reproducing as closely as possible the physiological environment. Referring to the anatomy of the organ, these systems provide two inputs through the portal vein and the hepatic artery, and a common exit represented by the inferior vena cava, which originates from the union of the three suprahepatic veins Boehnert M et al. [14]. The general configuration of the system shows that the circuit develops starting from a main reservoir in which the fluid temperature is kept constant at 38°C. From it depart two branches: the first, towards the housing reservoir of the liver, in order to keep it under solution and thermostated, and the second, the most important, go through an oxygenator to give the liquid those physiological characteristics without which the tissue cells could not remain alive. This branch then continues for two more ways, such as to provide the solution with the pressure and flow characteristics corresponding to the hepatic artery and portal vein inputs.



Objectives


The objectives of a system for liver perfusion are mainly to keep the organ alive for as long as possible before transplantation, an improvement in liver function, and an increase in survival of recipient patient. Some isolated and perfused organs, like the liver, are able to maintain their physiological function for longer or shorter times. From an anatomical point of view, in fact, these organs maintain the interactions existing between the different cell populations that make them. In particular, in the liver it is possible to study the phenomena that involve the interactions between the cellular component of the hepatocytes and the parenchymal cell component, including the cells of the bile ducts, the connective cells and those of the capillary endothelium. Thanks to the maintenance of an adequate perfusion of blood or of isotonic mixtures, it is therefore possible to control or study physiological parameters such as blood pressure and perfusion speed. Therefore, the main objective of this study was to design a compact and transportable perfusion system, optimizing its mechanical structure by a thermofluid dynamic numerical simulator.



The aim was to create a perfusor that had the following requisites:



a)	The presence of an oxygenator is not necessary because the goal is not to keep the hepatic tissue alive, but to circulate the fluid inside it.



b)	The flow and pressure values of the fluid are the fundamental characteristics of the project in order to make the configuration of the system as similar as possible to the physiological one, bearing in mind that the flow from the hepatic artery should be pulsatile while the flow from the portal vein is continuous.



c)	The temperature of the circulating fluid must reflect the physiological temperature and therefore be kept almost constant at 37°C for the entire duration of the perfusion.
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