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Abstract
Post-reperfusion syndrome (PRS) in liver transplant recipients remains one of the 
most dreaded complications in liver transplant surgery. PRS can impact the short-
term and long-term patient and graft outcomes. The definition of PRS has evolved 
over the years, from changes in arterial blood pressures and heart and/or 
decreases in the systemic vascular resistance and cardiac output to including the 
fibrinolysis and grading the severity of PRS. However, all that did not reflect on 
the management of PRS or its impact on the outcomes. In recent years, new 
scientific techniques and new technology have been in the pipeline to better 
understand, manage and maybe prevent PRS. These new methods and techniques 
are still in the infancy, and they have to be proven not in prevention and 
management of PRS but their effects in the patient and graft outcomes. In this 
article, we will review the long history of PRS, its definition, etiology, mana-
gement and most importantly the new advances in science and technology to 
prevent and properly manage PRS.
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Core Tip: In this article, we review the newest updates in the definition, pathophysiology and risk factors for post-reperfusion 
syndrome (PRS). We discuss the latest recommendations for management of PRS. We analyze and the novel advances in 
liver donor preservation and their potential impact on prevention of PRS.
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INTRODUCTION
Liver transplantation represents a life-saving intervention for patients with end-stage liver disease. The surgical process 
involves complex steps, including the critical moment of reperfusion, where blood flow is restored to the graft liver. One 
of which is unclamping of the portal vein which can lead to hemodynamic instability. This spectrum of hemodynamic 
changes and its complications can lead to post-reperfusion syndrome (PRS). PRS is a well-recognized complication that 
can significantly impact the immediate and long-term outcomes of liver transplant recipients. PRS can promote more 
intraoperative transfusion as well as prolong intensive care unit (ICU) and overall hospital length of stay, therefore it has 
impact on morbidity and mortality for the recipient[1,2]. This syndrome is characterized by a spectrum of physiological 
disturbances and clinical symptoms that can jeopardize graft function and patient recovery.

PRS in liver transplantation is classically defined as a decrease in mean arterial pressure (MAP) by 30% from baseline 
for 1 minute and occurring withing 5 minutes of graft reperfusion. Other associated hemodynamic factors include 
decreased systemic vascular resistance (SVR) and heart rate (HR) as well as increased central venous pressure (CVP) and 
pulmonary capillary wedge pressure[3]. PRS can further be classified on degree of severity based on magnitude and 
length of hemodynamic changes[4]. For example, mild PRS is when there is < 30% decrease in MAP or HR < 5 minutes 
that is responsive to a fluid bolus, 1 g of IV calcium or epinephrine less than 100 ug without the need for continuous 
vasopressors intraoperatively. Significant PRS occurs with > 30% decline in MAP or HR, arrythmias promoting 
hemodynamic instability or asystole and the need for a continuous infusion of vasopressors intraoperatively. 
Additionally significant PRS includes prolonged (> 30 minutes) or recurrent (reappearing within 30 minutes after 
resolution) fibrinolysis requiring treatment with antifibrinolytics[5]. One study tested both definitions (Aggarwal et al[3] 
and Hilmi et al[5]) and found that both were able to reasonably predict 3-month mortality following orthotopic liver 
transplant (OLT)[6].

ETIOLOGY AND PATHOPHYSIOLOGY
PRS is believed to result from a cascade of physiological events triggered by the restoration of blood flow to the ischemic 
liver graft. Following release of the portal vein clamp the right heart is exposed to, cold, acidic blood with vasoactive 
inflammatory reactants that results in increases in CVP, pulmonary vascular resistance, and pulmonary artery pressures 
with decreased systemic pressure. The elevated pulmonary pressures can cause right ventricular failure which can lead to 
decreased left ventricular filling pressures precipitating the hemodynamic changes associated with PRS[7-9].

The release of ischemic byproducts following unclamping of the portal vein and inferior vena cava (IVC) clamps can 
precipitate the metabolic derangements associated with PRS, these include lactic acidosis, hyperkalemia, and 
hypocalcemia. These electrolyte derangements can evoke arrythmias and ST and T-wave changes. Additionally, there is 
often an increase in partial pressure of carbon dioxide, a metabolic byproduct of cellular respiration and metabolism in 
the new organ which can affect blood flow and ventilation dynamics[10]. Other byproducts of ischemia such as 
heparinoids, cytokines and chemokines can evoke a systemic inflammatory response (SIRS) and lead to coagulopathy. As 
well as the endogenous heparin release from the donor liver can contribute to coagulopathy. Fibrinolysis can occur via 
decreased activity of plasminogen activator inhibitor and from tissue-plasminogen activator released from the donor liver 
and ischemic tissues below the clamp[11].

Ischemia during the preservation stage of the transplantation process can also result in ischemic reperfusion injury of 
the new liver graft which is thought to contribute to PRS. During storage, Ischemia produces lytic enzymes like xanthine 
oxidase and NADPH oxidase that can produce reactive oxygen species (ROS) that can damage the new liver and 
surrounding tissues. These ROS are sensed by Kupffer cells in the liver which release cytokines like tumor necrosis factor 
alpha (TNF-α) and other inflammatory substances that can produce a SIRS response[12,13]. One study found that the 
levels of TNF-α secreted from the liver correlated to vasopressor requirements following reperfusion.

Microcirculatory changes occur due to an imbalance of endothelin-1 and nitric oxide (NO) in the sinusoids which lead 
to accumulation of neutrophils and platelets in blood vessels leading to ischemia. This promotes hepatocellular necrosis 
and activation of local inflammatory reactants (Kupffer cells) leading to further oxidative injury[14]. Intestinal bacteria 
can play a role in PRS through bacterial translocation from disruption of the intestinal barrier from surgical manipulation 
and portal venous congestion. Endotoxemia can occur within 30 minutes of liver ischemia due to lack of protection from 
removed Kupffer cells in anhepatic phase. Also, gut translocation can activate the complement cascade with formation of 
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the membrane attack complex potentially leading to post-reperfusion hypotension, but this exact mechanism remains 
unclear[15].

Following reperfusion, exposure of the recipient's blood to basement membrane of the damaged transplanted 
sinusoidal cell endothelium can evoke activation of the kallikrein-kinin system leads to breakdown of kininogen increases 
bradykinin levels, a vasoactive substance that can contribute to PRS[16].

Patients with advanced cirrhosis have higher levels of NO due to endotoxin-induced stimulation of the inducible NO 
synthase, NO produces cyclic guanosine monophosphate (cGMP) which decreases SVR and causes hypotension as well 
as ROS that cause further oxidative injury. Studies have shown that higher baseline levels of cGMP have been associated 
with higher catecholamine vasopressor requirement and longer ICU stay[17].

Some risk factors for developing PRS include donor age, recipient age, Model for End-Stage Liver Disease Score, organ 
size difference, degree of microvascular steatosis, patient specific factors such as elevated creatinine, low calcium and 
hemoglobin levels, left ventricular diastolic dysfunction and prolonged cold ischemic time[18] (Table 1).

PREVENTION
PRS can have a significant impact on patient morbidity, mortality and outcomes. As previously stated, it can prolong 
hospital and ICU stay as well as increase the likelihood of graft failure, therefore its prevention is essential. A number of 
approaches have been reported to prevent PRS attempting to reduce its hemodynamic and other systemic effects as well 
as decrease the incidence and severity. Prior to reperfusion, metabolic and electrolyte abnormalities should be corrected, 
and volume status should be assessed and optimized, as the cardiac and hemodynamic effects of PRS can occur abruptly.

Metabolic and electrolyte correction
Reperfusion can induce a large potassium release leading to hyperkalemia. Hyperkalemia has been associated with 
higher post-op mortality following OLT[19]. Higher baseline potassium, plus intraoperative red blood cell (RBC) 
transfusions are independent risk factors for developing post reperfusion hyperkalemia[20]. Administration of insulin 
doses (1-2 units) with each unit of RBCs as opposed to one large bolus immediately prior to reperfusion have been shown 
to lower pre-reperfusion serum potassium levels. Additionally, a bolus of calcium (chloride or gluconate) directly before 
graft reperfusion can treat the hypocalcemia generally associated with transfusion and reperfusion, as well as stabilize the 
myocardium from an abrupt increase in serum potassium following reperfusion. The use of sodium bicarbonate 
surrounding reperfusion is controversial. Some propose that it can counter hyperkalemia and attempt to optimize serum 
pH to increase the effectiveness of vasopressors if need following reperfusion[21]. However, there is emerging evidence 
that a moderate to severe acidotic state may have protective effects on the brain, myocardium, liver and kidneys, 
therefore aggressive correction of acidosis with sodium bicarbonate has been shown to worsen the ischemic reperfusion 
induced oxidative stress injured cells[22-26].

Agents for hemodynamic augmentation
Reperfusion can release vasoactive substances from the transplanted liver that can evoke bradycardia, decrease cardiac 
contractility and decrease SVR. Vasopressor Pretreatment has been implemented to combat hypotension following 
reperfusion, given that hypotension has been associated with greater incidence of graft malfunction, post-operative renal 
failure and mortality. Atropine can be given to prevent bradycardia but does not help raise MAP. A 10-20 microgram 
bolus of epinephrine is more effective at attenuating PRS given the ability to increase both HR and MAP[4,27]. 
Preemptive phenylephrine and epinephrine administration have been shown to reduce the incidence of PRS but did not 
have an effect on hospital length or stay or mortality. Other vasopressors like norepinephrine, ephedrine, dopamine and 
vasopressin have been used. Norepinephrine may be favorable over phenylephrine given it can increase cardiac 
contractility in addition to SVR vs just SVR alone with phenylephrine. Ephedrine started 5 minutes prior to reperfusion at 
a rate of 2.5-5 mg/minute (with targeted MAP goal of 85-100 mmHg), was shown to reduce the incidence of PRS and 
need for rescue vasopressors following reperfusion[28]. Patients with severe liver disease tend to be catecholamine and 
vasopressin depleted therefore exogenous vasopressin administration has been effective for treatment of PRS refractory 
to other catecholamine inducing vasopressors[29]. It can be effective in patients with severe acidosis to which epinephrine 
and norepinephrine are less effective[30].

Methylene blue and hydroxocobalamin
Methylene blue (MB) is an inhibitor of NO synthase which decreases production of NO a potent vasodilator released in 
following ischemic reperfusion. MB inhibits NO and the production of cGMP as well as increases vascular smooth muscle 
and myocardium sensitivity to catecholamines thus increasing SVR, MAP and cardiac contractility. Prophylactic adminis-
tration of MB prior to reperfusion allowed for significant increases in MAP and cardiac index without significant changes 
in SVR following reperfusion, when compared with placebo. Additionally, patients given MB had lower lactate levels 
following reperfusion suggesting a benefit to graft function[31]. MB can also be used to treat hypotension refractory 
catecholamines and vasopressin at a dose of 100 mg or 2 mg/kg[32].

Hydroxocobalamin is a strong NO scavenger and can be used for refractory vasoplegia in OTL. Additionally, it takes 
up hydrogen sulfide, a substance released in patients with liver failure that causes vasodilation. Hydroxocobalamin can 
be effective when MB is contraindicated (such as in G6DP deficiency due to risk of hemolysis or in patients taking MAO-
Is due to risk of serotonin syndrome)[33].
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Table 1 Potential cellular and physiologic causes of post-reperfusion syndrome

Category Physiologic change Hemodynamic change

Release of vasoactive 
substances

Inflammatory cytokines (nitrous oxide, endothelin-1, 
bradykinin, reactive oxygen species)

Electrolyte 
disturbances

Hypothermia; acidosis; hyperkalemia; hypocalcemia; 
hyperphosphatemia

Embolic phenomena Thromboembolic; air emboli

Increased CVP; increased PVR; increased PAP; decreased SVR; decreased 
ABP; decreased CI; decreased HR; ST changes; T-wave changes

ABP: Arterial blood pressure; CI: Cardiac index; CVP: Central venous pressure; HR: Heart rate; PAP: Pulmonary artery pressure; PVR: Pulmonary vascular 
resistance; SVR: Systemic vascular resistance.

MANAGEMENT
Protease inhibitors
Protease Inhibitors like aprotinin were designed for inhibition of fibrinolysis and were studied in OLT to assess the need 
for blood transfusion perioperatively but were shown to decrease the hemodynamic effects associated with PRS. 
Aprotinin works by inhibiting plasmin generation and thus fibrinolysis, but at higher doses it can inhibit serine proteases 
like those necessary for the kallikrein-kinin system thus blunting the production of bradykinin a strong vasodilator 
released during ischemic-reperfusion. The improved vascular tone and not necessarily reduced bleeding is thought to be 
the main benefit from protease inhibitor use in PRS[34,35]. These results were seen with a bolus of aprotinin following 
induction of anesthesia, followed by a continuous infusion. Aprotinin has been shown to combat the SIRS associated with 
reperfusion and PRS. Of note there is an increased risk for intracardiac thrombus formation with use of antifibrinolytics 
in OLT[36]. Numerous studies have been done with aprotinin in numerous settings and the drug is no longer used due to 
safety concerns. Other antifibrinolytic agents such as epsilon-aminocaproic acid (EACA) and Tranexamic Acid (TXA) 
have been studied for use in OLT and have shown lower incidence of PRS and reduced blood product requirements with 
TXA proving superior to EACA[37].

Magnesium sulfate
Supplementation with magnesium sulfate has shown to be protective in PRS for various reasons. It provides cellular 
protection during ischemia by blocking excess calcium influx thus stabilizing the electrical transmembrane potential. 
Magnesium administration prior to reperfusion has been shown to reduce serum lactate levels suggesting possible 
protection against ischemic reperfusion-injury[38]. Magnesium blocks immunologic response reducing production of 
interferon-y and increasing production of interlukin-4 and interlukin-10 creating a better balance of cytokines and 
improved hemodynamics after reperfusion[39]. Overcorrection of magnesium should be avoided because hypermag-
nesemia can cause hypotension.

Ischemic preconditioning
Ischemic preconditioning (IPC) is a method of applying brief periods of ischemia and reperfusion to tissue prior to a 
longer ischemic event. It was first used on heart muscles but has been trialed on other tissues including liver[40]. It was 
thought that this strategy can decrease ischemic reperfusion injury and thus decrease incidence and severity of PRS. 
Multiple studies including a Cochrane review have tested IPC in OLT, but these have only demonstrated a reduction in 
ischemic reperfusion injury but not improvements in long term outcomes. There was no statistically significant difference 
in ICU stay, hospital length of stay, primary graft function, need for transplantation or mortality between the two groups
[41].

NEW ADVANCES
Machine perfusion
The type of liver graft (i.e., those taken after cardiac death) can play a role in graft success. Those taken after cardiac death 
are underutilized because they are associated with increased risk of primary graft failure. They are more susceptible to 
ischemia reperfusion injuries and biliary system complications[42,43]. Static cold storage (SCS) has been the gold 
standard for graft preservation but allows for anerobic metabolism to persist leading to depletion of ADP and accumu-
lation of ROS. SCS has four primary limitations: The storage duration is restricted, it may cause additional harm during 
organ storage, it does not reverse ongoing organ damage and organ viability cannot be assessed during storage. This can 
be critical in "high risk" donors[44].

Machine perfusion (MP) is a new method of preservation being implemented and studied to help ameliorate the 
downfalls of SCS. It allows for more useable organs especially from "high risk" donors. It can decrease cold ischemic time 
and thus reduce potential damage in organs more susceptible to ischemia[45]. There are two primary forms of MP, 
normothermic MP (NMP) and hypothermic MP (HMP).
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NMP
NMP maintains graft normothermia while delivering ample oxygen and nutrients during graft harvesting, preservation 
and implementation. NMP allows for assessment of objective graft parameters and the ability to detect and remove 
organs that are not transplantable. NMP can be used to estimate graft survival by analyzing hemodynamic parameters, 
liver and bile duct function and liver injury indices[46,47]. A phase III multicenter randomised controlled trial (RCT) 
found that NMP subjects had lower incidence of graft injury, organ loss and longer mean preservation time[48]. 
Mergental et al[49] found that high risk donor livers that under went SCS then NMP had good immediate post-operative 
function after 7 months follow-up. This showed that a viability assessment with NMP allows for livers previously 
deemed unusable to be successfully transplanted in lower risk patients[49]. No studies have been conducted that 
measured the effects of NMP with direct reduction in PRS and but there is thought that a more adequately preserved 
graft could reduce the incidence of PRS and thus these studies should be pursued.

Normothermic regional perfusion
Normothermic regional perfusion (NRP) is a method of providing in situ perfusion to a portion of the donor's body 
following circulatory arrest[50,51]. It can only be used in donation after cardiac death (DCD) liver allografts compared 
with hypothermic oxygenated perfusion (HOPE) and NMP which can be used in both donation after brain death (DBD) 
and DCD donors. Five to twenty minutes following circulatory arrest, extracorporeal membrane oxygenation (ECMO) is 
initiated via cannulation of the aorta or femoral artery and venous return from the IVC or femoral vein[52]. There are two 
types of NRP, abdominal-NRP (A-NRP) and thoracoabdominal-NRP (TA-NRP). A-NRP provides in situ perfusion to 
abdominal organs through the IVC and intrarenal aorta. TA-NRP provides in situ perfusion of abdominal and thoracic 
organs via cannulation of the aortic arch and right atrium. Through TA-NRMP there is restoration of cardiac function 
with aortic clamping to prevent brain perfusion[53]. There are ethical concerns with restarting cardiac function, so this 
method has been controversial in is being reviewed in some institutions[54]. There has not been a RCT on NRP 
documented in the literature however there is retrospective studies showing better results than SCS. Results show that 
NRP can improve outcomes in DCD organ transplant through prevention of early allograft dysfunction (EAD), 
decreasing biliary complications, improving graft survival and decreasing retransplantation risk[52,55].

When assessing long term outcomes of NMP and NRP, more data is needed however some early studies some 
promise. Gaurav et al[56] performed a single center retrospective analysis looking at donors preserved with NRP, NMP 
and SCS. They found that the NRP group had higher 6-month survival (NRP: 94%, NMP: 90%, and SCS: 87%) and 3 year 
survival (NRP: 90%, NMP & SCS: 76%). Additionally, two observational cohort studies by Hessheimer et al[50,57] 
compared NRP and SCS preserved livers and found that the NRP group had lower incidence of overall biliary complic-
ations, ischemic-type biliary lesions, and graft loss and patient death. Finally, a retrospective analysis by Watson et al[58] 
comparing NRP vs standard DCD prepared donors, the NRP group had less incidence of Ischemic cholangiopathy which 
can lead to improved long-term outcomes.

HMP
HMP uses cold temperature to slow cellular metabolism while flushing out metabolites. One form HOPE delivers the 
perfusate through the portal vein. Dual HOPE involves delivering perfusate through the portal vein and hepatic artery
[59]. Multiple studies have shown that liver grafts obtained from DCD have comparable postoperative outcomes to those 
from DBD. Additionally, HOPE has been compared to SCS in DCD allografts with the HOPE treated grafts showing 
lower incidence of PRS, early allograft injury, and graft failure as well as improved long term graft survival and 
decreased late onset morbidity[60,61].

HOPE was shown to have less complications and enhanced graft survival. Because of these positive effects it may 
allow for increased use of less optimal organs which will help with the increased demand for organs. A study by Horné et 
al[62] compared 100 liver transplants with 50 preconditioned with HOPE and 50 treated with SCS and found that 12% of 
HOPE treated organs experienced PRS compared to 42% that underwent SCS. HOPE treated livers also had lower 
vasopressor requirements and potassium levels and the overall incidence of EAD decreased by 44%. This suggests that 
HOPE offers greater hemodynamic stability and less EAD and PRS compared to the traditional SCS method[62].

There remains limited data on the long term outcomes of HOPE, however there are a few studies that show 
improvements in long term out comes. A RCT by Czigany et al[61] found that HOPE reduced late onset morbidity and 
enhanced log-term graft survival. Another RCT by Ravaioli et al[63] found that HOPE treated grafts had lower graft 
dysfunction rates and longer graft survival compared to SCS. Additionally, van Rijn et al[64] found that HOPE was 
associated with fewer non-anastomotic biliary strictures compared to SCS treated donors.

Caval blood flush vent
Many studies have assessed flushing and venting grafts with different types of fluid (LR, albumin, blood) and via 
different routes (arterial, portal and caval) but most of these studies found inconsistent results on metabolic changes 
(potassium) and on outcomes[65-70]. It was thought that adding caval venting following a LR/albumin portal vein flush 
could prevent metabolic changes (acidic, hypothermic, hyperkalemic blood) from the initial reperfusion bolus from 
entering the systemic circulation allowing for better hemodynamic stability and thus decreasing the incidence of PRS. 
Stoll et al[71] performed a prospective observational study that analyzed 20 Liver transplants, with 16 receiving a caval 
blood flush vent (along with a standard chilled LR/albumin portal vein flush) and 4 who did not receive the caval flush. 
They found that those who underwent caval flush had better preservation of MAP and HR but CVP and lab values (blood 
gas, electrolytes and hemoglobin) were similar between the two groups. They concluded that caval venting (along with 
traditional portal vein chilled LR/albumin flush) could have favorable hemodynamic protection but the literature is 
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Table 2 Comparison of Techniques for preventing post-reperfusion syndrome including advantages and limitations

Technique Advantages Limitations

Static cold storage Cheaper, current gold standard, many studies showing efficacy Storage duration is restricted, potential for harm 
during storage, does not reverse ongoing damage, 
organ viability can’t be assessed during storage

Hypothermic 
machine perfusion

Can use on high risk donors, can use in DBD and dcd allografts, lower 
incidence of graft injury, organ loss, allows for longer mean preservation 
time, enhance organ availability reduce waitlist mortality

Limited data on long term benefits, need to cool to 
sub-physiologic temperature

Normothermic 
machine perfusion

Can use at physiologic temperatures, can use on high-risk donors, can use in 
DBD and DCD allografts, lower incidence of graft injury, organ loss, allows 
for longer mean preservation time, enhance organ availability reduce 
waitlist mortality

Limited data on long term benefits

Normothermic 
regional perfusion

Very affective for DCD donors Only used in DCD liver allograft management, ethical 
considerations with TA-NRP

Caval blood flush 
vent

Hemodynamic protection 
cheapest, decreased requirement for vasopressors and inotropes

Limited studies on short and long term benefits

ECMO Eliminate the need for extensive immunosuppressive treatments, expand 
the donor organ pool, cheaper than MP

Patients usually very ill with multi-organ failure and 
systemic infections, bilirubin levels hard to measure in 
short term, limited data on long term benefits, ethical 
concerns

DBD: Donation after brain death; DCD: Donation after circulatory death; ECMO: Extracorporeal membrane oxygenation; MP: Machine perfusion; TA-NRP 
thoracoabdominal normothermic regional perfusion.

sparse, and more studies are needed[71]. Further research is needed to evaluate the effects of caval venting on graft 
function, morbidity, and mortality, and we encourage including real-time transesophageal echocardiography to better 
explain the proposed mechanism of hemodynamic changes.

Application of extracorporeal therapies
The demand for organ donation is continuously outgrowing the supply of viable organs. This is true in liver 
transplantation. Numerous strategies have been developed to help address this issue. One strategy is using ECMO at the 
time of death to increase organ viability, however there is limited studies and guidelines on the use of this strategy. One 
study by Rajsic et al[72] analyzed the existing evidence and found 20 publications that reported on 147 patients (who were 
diagnosed of death by standard neurological criteria) whose organs were procured while on ECMO support. The organs 
of these donors were used in 359 recipients with 85/359 being liver transplantations, with an 89% graft survival rate. 
Overall, the organs treated with ECMO support had 92% graft survival rate and 98% recipient survival rate. A 
retrospective trail by Hsieh et al[73] reviewed ECMO with DBD and ECMO with DCD vs just a DBD group alone. They 
found that the DCD with ECMO group had longer cold ischemic time, warm ischemic time, and split liver 
transplantation than the DBD group alone, with statistical significance. The DBD with EMCO and DCD with ECMO 
groups had less vasopressor requirements than the DBD group and the DBD with ECMO had a higher survival rate than 
DBD alone, however these results were statistically insignificant. This highlights a potential strategy for improved graft 
procurement and graft survival. Further studies are needed to investigate the role of ECMO in graft preservation and 
viability and the role of ECMO treated grafts in reducing PRS.

In patients with acute liver failure where organ recovery might occur, extracorporeal liver perfusion (ECLP) via a 
genetically modified pig donor may offer an approach to preserve organ viability. It may decrease the need for 
immunosuppressive therapies and liver transplant at all. Some preclinical studies showed that ECLP with pig livers can 
possibly preserve injured human livers for approximately 1 week. Although the numbers were small, they showed a 
survival benefit and may highlight safe technique for bridging patients to liver transplantation[74-78] (Table 2).

CONCLUSION
PRS remains a significant challenge in liver transplantation, with complex underlying mechanisms and substantial 
clinical implications. The underlying direct mechanisms of PRS remain unknown, however the metabolic and 
hemodynamic changes associated with it are largely apparent and should be optimized throughout surgery to help lessen 
the effects and prevent PRS. A comprehensive understanding of PRS, coupled with vigilant monitoring and targeted 
management strategies, is essential for optimizing outcomes in liver transplant recipients. Most of the studies regarding 
PRS are performed on recipient from deceased donors however, in our clinical experience PRS has been shown to be 
milder in recipients from live-liver donors, which is believed to be due to short ischemia time and improved graft quality. 
There is limited data comparing graft and patient outcomes between these two donor groups and future studies are 
necessary. Additionally, Further studies into the efficacy of MP, IPC, caval venting and ECMO and their effects on PRS, 
graft function and morbidity/mortality are essential to implementation of this technology and ultimately improving 
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patient outcomes.
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