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	Protocol Step
	Comment
	Requested Change (highlight in bold)

	Example
	1.1
	Step says “Centrifuge lysate at 2,000 x g.”
	Please correct to “Centrifuge lysate at 4,000 x g.”

	1.
	ABSTRACT
	In this manuscript, we provide a step-by-step ischemia-free liver transplantation protocol in which an ex situ normothermic machine perfusion apparatus is used for pulsatile perfusion through the hepatic artery and continuous perfusion of the portal vein is provided from human donor livers to recipients. In the perfusion period, biochemical analysis of perfusates is conducted to assess the metabolic activity of the liver, and a liver biopsy is also performed to evaluate the degree of injury.
	In this manuscript, we provide a step-by-step ischemia-free liver transplantation protocol in which an ex situ normothermic machine perfusion apparatus is used for pulsatile perfusion through the hepatic artery and continuous perfusion of the portal vein from human donor livers to recipients. In the perfusion period, biochemical analysis of the perfusate is conducted to assess the metabolic activity of the liver, and a liver biopsy is also performed to evaluate the degree of injury.

	2.
	INTRODUCTION:


	The technology of normothermic ex vivo liver machine perfusion to preserve donor organs has achieved great progress over the past few decades and is entirely feasible in clinical practice
	The technology of normothermic ex situ liver machine perfusion to preserve donor organs has achieved great progress over the past few decades and is entirely feasible in clinical practice

	3.
	INTRODUCTION:


	The safety and viability of warm perfusion techniques in donor organs have been evaluated in preclinical studies, and some study groups have designed new type of perfusates and rewarming tactics in animal models.
	The safety and viability of warm perfusion techniques in donor organs have been evaluated in preclinical studies, and some study groups have designed new type of perfusate and rewarming tactics in animal models.

	4
	INTRODUCTION:


	Whole blood is the most important component due to its feature of carrying oxygen as well as some other essential ingredients, including antibiotics, antithrombotic agents, and nutrients8. Blood is transported and prepared in a cold environment surrounded by ice after a liver has been retrieved.
	Red blood cells are the most frequently used oxygen carrier. Some other essential ingredients, including antibiotics, antithrombotic agents, and nutrients are also included in the perfusate8. In the current practice, after a liver has been retrieved, it is preserved and back-table prepared in a 0-4︒C solution.

	5.
	INTRODUCTION:


	However, the liver sustains double vital attacks of IRI prior to NMP and before implantation, although the liver is protected and repaired to some extent during the NMP process
	However, the liver suffers double attacks of IRI at the start of NMP and after implantation, although the liver is protected and repaired to some extent during the NMP process9,
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	6.
	INTRODUCTION:


	We carefully reviewed the process and developed an approach to avoid reverting the liver from a cryopreservation state to NMP, and then after several hours, the warm liver was cooled down by a cold preservation solution prior to transplantation into the human abdominal cavity at normal temperature. Therefore, we hypothesized that IRI was avoidable if a continuous blood supply was provided to the liver. To verify this hypothesis, we changed the conventional double conversion source to an uninterrupted hepatic artery (HA) and portal vein (PV) supply using a Liver-Assist device.
	We hypothesized that IRI was avoidable if a continuous blood supply was provided to the liver. To verify this hypothesis, we changed the conventional double conversion protocol into an uninterrupted hepatic artery (HA) and portal vein (PV) supply using a Liver-Assist device.

	7.
	INTRODUCTION:


	Two rotary pumps providing pulsatile hepatic arterial flow and a continuous portal vein supply were used in the perfusion device in which the flow was controlled by relevant pressure.
	Two rotary pumps providing pulsatile hepatic arterial flow and a continuous PV supply were used in the perfusion device in which the flow was controlled by relevant pressure.

	8.
	INTRODUCTION:


	This article aimed to offer a step-by-step IFLT protocol in which an ex situ NMP apparatus is used to provide pulsatile perfusion to the HA and maintain continuous perfusion of the portal vein from human donor liver procurement to implantation.
	This article aimed to offer a step-by-step IFLT protocol in which an ex situ NMP apparatus is used to provide pulsatile perfusion to the HA and maintain continuous perfusion of the PV from human donor liver procurement to implantation.

	9.
	1 NOTE
	The total volume of the perfusion solution prepared for normothermic machine perfusion (NMP) according to this protocol is approximately 3,000 mL, as reported previously
	The total volume of the perfusion solution prepared for NMP according to this protocol is approximately 3,000 mL, as reported previously

	10.
	1.2.
	Turn on the venous pump on according to the manufacturer’s instructions
	Turn on the venous pump -according to the manufacturer’s instructions

	11.
	1.2.
	Click on the Pressure button to set the HA pressure within the range of 50–65 mmHg and PV pressure within the range of 4–11 mmHg during the whole process of normal temperature mechanical perfusion.
	Click on the Pressure button to set the HA pressure within the range of 50–60 mmHg and PV pressure within the range of 5–10 mmHg during the whole process of normal temperature mechanical perfusion

	12.
	2.4.
	Ensure that there is no interruption of the arterial supply for the liver from the CA. Connect the arterial cannula to the HA perfusion line of the Liver Assist device.
	Ensure that there is no interruption of the arterial supply for the liver from the CA.

	13.
	2.5.
	Harvest a 3 cm-long right external iliac vein and anastomose the vessel to the PV in end-to-side fashion with partial blockage of the PV for making an interposition vein. Connect a straight 24 Fr cannula to the PV perfusion line of the device and then, via the interposition vein, completely insert into the PV.
	Harvest a 3 cm-long right external iliac vein and anastomose the vessel to the PV in end-to-side fashion with partial blockage of the PV for making an interposition vein.

	14.
	2.6.
	Place a 32–34 Fr caval cannula in the infrahepatic inferior vena cava (IHIVC) for outflow to the organ reservoir of the device. Block the suprahepatic inferior vena cava (SHIVC) thereby blocking the venous drainage to the right atrium. Then, start NMP, and establish the circuit in situ.
	Place a 32–34 Fr caval cannula in the infrahepatic inferior vena cava (IHIVC) for outflow to the organ reservoir of the device. Connect a straight 24 Fr cannula to the PV perfusion line of the device and then, via the interposition vein, completely insert into the PV. Block the suprahepatic inferior vena cava (SHIVC) thereby blocking the venous drainage to the right atrium. Connect the arterial cannula to the HA perfusion line of the Liver Assist device. Then, start NMP, and establish the circuit in situ.



	15.
	3.1.
	Continuous ex situ NMP the liver graft until allograft revascularization. Nearly submerge the liver by perfusate.
	Continuous ex situ NMP the liver graft until allograft revascularization.

	16.
	3.5.
	Obtain a perfusion sample (1 mL) for blood gas analysis every 15–20 min
	Obtain a perfusion sample (0.5 mL) for blood gas analysis every 10–20 min

	17.
	4.1.
	Recannulate the donor IHIVC a 32–34 Fr caval cannula and block the SHIVC with a clamp.
	Recannulate the donor IHIVC with a 32–34 Fr caval cannula, remove the diseased liver and block the SHIVC with a clamp. 

	18.
	4.4.
	Collect the liver and common bile duct biopsy specimens before reperfusion. Afterward, release the clamps on the PV and HA in order to re-establish the native dual blood supply for the liver. At the same time, cease the NMP after removal of the HA and PV cannula. Then, remove the cannula within the IHIVC, and release of the clamp on the SHIVC to flush out approximately 200 mL perfusate within the liver. The anhepatic phase is over. Obtain a perfusate sample (8 mL) for microbial culture again.
	Collect the liver and common bile duct biopsy specimens before reperfusion. Afterward, release the clamps on the PV and HA in order to re-establish the native dual blood supply for the liver. At the same time, cease the NMP after removal of the HA and PV cannula. Then, flush out approximately 200 mL perfusate within the liver form IHIVC cannula. Block IHIVC cannula and release of the clamp on the SHIVC. The anhepatic phase is over. Obtain a perfusate sample (8 mL) for microbial culture again.

	19.
	4.5.
	Ligate the donor SA or GDA and close the interposition vein with suture. Anastomose the donor’s IHIVC to the recipient IHIVC or ligate it according to the surgical procedure. 
	Remove of the cannulas in the SA or GDA, and interposition vein. Ligate the donor SA or GDA and interposition vein. Withdraw the cannula in the IHIVC and anastomose the donor’s IHIVC to the recipient IHIVC (bi-caval) or ligate it (piggy-back) according to the surgical procedure. 

	20.
	FIGURE LEGENDS:

Figure 1:
	(B) Sixty minutes after the start of normothermic machine perfusion. 
	(B) Sixty minutes after the start of normothermic machine perfusion. Arrows: round liver edges.

	21.
	DISCUSSION:


	The article provides a step-by-step IFLT protocol for ex situ normothermic machine perfusion (37 °C) from donor to recipient. The equipment provides pulsatile perfusion of the HA and continuous perfusion of the PV. This technique was established to completely avoid ischemia reperfusion injury.
	This IFLT technique was established to completely avoid IRI. This article provides a step-by-step IFLT protocol from organ procurement, ex situ preservation to implantation.

	22.
	DISCUSSION:


	When the hepatic superior vena cava anastomosis is performed, the anastomotic venous fistula should be shortened as much as possible to prevent excessive intraoperative blood loss.


	When the donor-to-recipient SHIVC and PV were anastomosed, redundant and twisted vessels should be avoided.

	23.
	DISCUSSION:


	Therefore, this method can considerably increase the number of available organs for transplantation.
	Therefore, this method can considerably improve transplant outcomes and increase the number of available organs for transplantation.
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