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Predicting organ viability before transplantation remains one of the most challenging and
ambitious objectives in transplant surgery. Waitlist mortality is high while transplantable
organs are discarded. Currently, around 20% of deceased donor kidneys and livers are
discarded because of “poor organ quality”, Decisions to discard are still mainly a subjective
judgement since there are only limited reliable tools predictive of outcome available. Organ
perfusion technology has been posed as a platform for pre-transplant organ viability
assessment. Markers of graft injury and function as well as perfusion parameters have
been investigated as possible viability markers during ex-situ hypothermic and
normothermic perfusion. We provide an overview of the available evidence for the use
of kidney and liver perfusion as a tool to predict posttransplant outcomes. Although
evidence shows post-transplant outcomes can be predicted by both injury markers and
perfusion parameters during hypothermic kidney perfusion, the predictive accuracy is too
low to warrant clinical decision making based upon these parameters alone. In liver, further
evidence on the usefulness of hypothermic perfusion as a predictive tool is needed.
Normothermic perfusion, during which the organ remains fully metabolically active, seems
a more promising platform for true viability assessment. Although we do not yet fully
understand “on-pump” organ behaviour at normothermia, initial data in kidney and liver are
promising. Besides the need for well-designed (registry) studies to advance the field, the
catch-22 of selection bias in clinical studies needs addressing.
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INTRODUCTION

One of the underlying causes of the perpetuating organ shortage is the discarding of
transplantable organs based on “poor organ quality”. Currently, up to 20% of kidneys and
10% of livers that are recovered in the United states are not transplanted (1). Eurotransplant
data show similar figures for kidney with considerably lower utilization rates for livers donated
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after circulatory death (DCD) compared to those donated
after brain death (DBD) (2). A major contributor to organ
discard is the fact that organ quality and viability remain
difficult to predict accurately (1). With the increasing use of
DCD kidneys and livers, the need for reliable pre-transplant
viability assessment has become even more important.
Indeed, DCD kidneys suffer from higher rates of delayed
graft function (DGF) and primary non function (PNF)
leading to a significant morbidity and mortality risk for the
recipient (3, 4). DGF is associated with an increased risk of
acute rejection, longer in hospital stay, higher cost and lower
graft survival (5, 6). Higher-risk liver grafts, especially those
from DCD donors, suffer higher incidences of PNF and
intrahepatic cholangiopathy ultimately leading to higher
graft failure rates compared to DBD livers (7, 8).

While with static cold storage, only limited options to
assess organ function and viability are available, organ
perfusion preservation has been posed as a platform for
organ viability assessment (9). During organ perfusion, a
perfusion solution is circulated through the vasculature,
driven by a pump. The perfusion solution can be cooled or
heated and, often with the help of a gas-exchanger,
oxygenated. During hypothermic perfusion an acellular
perfusion solution is used, in normothermic conditions an
oxygen carrier is needed and this are often red blood cells. In
this dynamic environment, the organ can be assessed real-
time by evaluating perfusion parameters and injury markers
(Figure 1). When the organ is metabolically active, markers of
organ function can also be studied. As (patho)physiology
involves a complex interplay of different cells, it is likely
that true prediction of organ viability will need the
assessment of more than a single parameter.

This review provides an overview of the available clinical
evidence on the use of organ perfusion as a platform to
predict kidney and liver viability before transplantation.

KIDNEY

Hypothermic kidney perfusion became a clinical reality after
much preclinical work in the 1960s by pioneers like F.O.
Belzer (10–12). Due to refinement of preservation solutions
good results with the cheaper and simpler static cold storage
were obtained and kidney perfusion disappeared to the
background. Nevertheless, hypothermic kidney perfusion has
been reintroduced in clinical settings after it was shown to
reduce the risk of DGF compared to static cold storage (13).
Normothermic perfusion is being investigated in research settings
with a first randomised trial underway (14).

Pathophysiology of the Ischemic Injury
To assess kidney viability, understanding the pathophysiology of
ischemia reperfusion injury is crucial. Every transplantation
procedure is associated with ischemia reperfusion injury that
impacts post-operative tissue injury and graft function. The
biological pathways behind ischemia reperfusion injury
describe functional and structural changes in the organ based
on changes in cell metabolism (especially in the mitochondria).
Various molecular mechanisms are active in ischemia reperfusion
injury. There is the critical role of the anaerobic metabolism
during ischemia, resulting in intracellular acidosis, ATP
depletion, and failure of ion-exchange channels, setting the
stage for reperfusion injury (15). Post-reperfusion, innate and
adaptive immune responses are activated by reactive oxygen
species and damage associated molecular patterns, resulting in
a sterile inflammation (16–19). Ischemia reperfusion injury
causes structural and functional damage to renal tubules by
inducing tubular cell death which manifests as a clinical
spectrum of acute kidney injury ranging from transient acute
kidney injury to primary non-function (PNF). When the
transient acute kidney injury is severe enough, and the patient
needs dialysis in the first week after transplantation, delayed graft
function (DGF) occurs. An association between DGF and acute
rejection has been reported (20) and this might affect long-term
graft function as persistent inflammation in scarred areas after T-
cell mediated rejection has been associated with chronic scarring
and fibrosis due to maladaptive injury responses (21).

This injury process leaves marks, e.g., representing epithelial
cell disruption and tubular injury that might be detected as
biomarkers in the perfusate (22, 23).

Hypothermic Kidney Perfusion
In hypothermic conditions, options to assess kidney function are
limited. Indeed, the metabolic rate at 4°C is limited to 10% of that
at physiological temperature with a 40% lower rate of chemical
reactions (24). Furthermore, in the majority of cases there is no
active oxygenation during hypothermic kidney perfusion in
which case aerobic metabolism is not supported (25). Focus
has therefore been on identifying associations between
markers of injury and post-transplant outcome.

Perfusate Injury Markers
Injured tubular cells release proteins into the perfusate during
hypothermic perfusion where they can be detected. Today, there

FIGURE 1 | A schematic overview of a kidney perfusion circuit: The
presence of a heat exchanger (HE) and gas exchanger (O2) depends on the
perfusion mode. During perfusion, perfusion parameters, perfusate, excretory
products (e.g., urine during normothermic perfusion), and tissue are
available for viability assessment.

Transplant International | Published by Frontiers March 2022 | Volume 35 | Article 103122

Verstraeten and Jochmans Kidney and Liver Viability Assessment



is good quality evidence that perfusate injury markers should not
be used to assess viability of kidneys during standard
hypothermic organ perfusion. In a systematic review, Guzzi
et al. summarized the findings of 29 clinical studies assessing
the association between PNF, DGF, and long-term graft survival
and perfusate injury markers measured during hypothermic
perfusion of DCD and DBD kidneys (26). Only four studies
were identified as good quality prospective studies (27–30).

Glutathione S-Transferase (GST) concentrations during
hypothermic perfusion have been well-studied with an
independent association with DGF, however, the predictive
accuracy of GST for DGF is moderate at best and no
correlation with long-term outcome has been found (27–29).
Similar to GST, perfusate lactate dehydrogenase independently
associates with DGF and PNF but predictive accuracy is low (27,
31). While heart-type fatty acid binding protein (H-FABP)
showed to be an accurate biomarker of kidney injury after
transplantation in preclinical studies (32), clinical studies
showed only moderate predictive power of perfusate H-FABP
for DGF (27, 31). Neutrophil gelatinase-associated lipocalin
(NGAL), released by renal tubular cells in response to
ischemic injury, is a recognized biomarker of acute kidney
injury (26, 30, 31, 33), but no reliable association of NGAL
release during hypothermic perfusion with post-transplant
outcomes has been found (31). Some studies assessing
perfusate lipid peroxidation and perfusate interleukin-18 (a
pro-inflammatory cytokine) show little promise as viability
markers (28, 31). Associations between other biological
parameters, like lactate, N-acetyl-D-glucosamine, Kidney
injury molecule 1, and others were either not significant, not
accurate, or described in single studies. Growing interest in
microRNA’s in multiple disease processes draws our attention
for their use in viability assessment during hypothermic
perfusion (34).

Whether predictive accuracy of perfusate injury markers is
improved when the perfusate is actively oxygenated, is not known
and subject of ongoing research (www.cope-eu.org). This is an
important question as hypothermic oxygenated perfusion is
already finding its way into clinical practice (e.g., the
Netherlands) after it was recently shown that older DCD
kidneys benefit from active oxygenation in the cold (25).

Perfusion Parameters
Since the early days of hypothermic kidney perfusion, it has been
hypothesised that kidney viability is associated with perfusion
parameters. Indeed, at a stable perfusion pressure, a lower renal
flow indicates a higher intrarenal resistance and reflects increased
vascular injury or interstitial oedema. A correlation between
perfusion parameters and DGF and PNF has been shown in
retrospective studies that suffered from selection bias as kidneys
were discarded based upon perfusion parameters(35–38). A large
randomized controlled prospective trial, without selection bias,
has shown that renal resistance at the end of hypothermic
perfusion is an independent risk factor for DGF and 1-year
graft survival but the predictive accuracy is low (39). These
findings have been confirmed by Parikh et al. in a large
prospective cohort (30).

While perfusion parameters, such as renal resistance on the
pump, provide additional information on quality of the graft, they
should not be used as clinical decision making tools. When the
perfusate is actively oxygenated, endothelial cell integrity might
be improved. This might change perfusion parameters and their
predictive power which is the subject of ongoing research (www.
cope-eu.org). In addition, in relating Ohm’s Law to fluid flow (Eq.
1), it is important to remember that exact flow or resistance values
will depend not only on the kidney but also on the perfusion
device (pressure or flow driven) and the settings (e.g., pump
pressure chosen) that are used. Perfusion parameter read-outs,
and therefore any defined thresholds, are not necessarily
transferable from one perfusion device to the other.

ΔP/F � R (1)
where ΔP is the driving pressure of perfusion pressure as set by
the pump (in mmHg) in case of a pressure-controlled system, F is
renal artery flow (ml/min), and R is the renal resistance (mmHg/
mL/min).

Normothermic Kidney Perfusion
The advantages of normothermic perfusion with regard to
viability assessment relate to the use of a perfusate based on
oxygenated red blood cells or oxygen carriers at physiological
temperatures, meaning the graft can be fully metabolically active.
In addition to assessing injury markers and perfusion parameters,
normothermic perfusion would therefore allow to evaluate
kidney function. Indeed, e.g., creatinine can be added to the
perfusate and in this way a creatinine clearance from the perfusate
over time can be calculated. In contrast to hypothermic perfusion,
normothermic perfusion requires considerable technical
expertise with the potential of dramatic consequences in case
of technical failure as the graft would be exposed to warm
ischemia.

Normothermic perfusion as mostly been developed to be used
as a “resuscitation tool.” This means a short period (1–2 h) of
normothermic perfusion immediately before transplantation
following static cold storage (40). Results of a first randomised
controlled phase II trial assessing the effectiveness of
normothermic perfusion as a resuscitation tool compared to
static cold storage in controlled DCD kidneys are awaited
(41). Meanwhile, experimental data show the feasibility, and
possible benefit, of prolonged normothermic perfusion
preservation starting immediately after kidney procurement
(42, 43).

Initial evidence that normothermic perfusion could be used as
a platform to assess viability pre-transplantation was provided by
Hosgood et al. when a discarded kidney was transplanted after
evaluation during a short period of normothermic perfusion (44).
In a further series of kidneys, that were considered unsuitable for
transplantation, a kidney quality score during normothermic
perfusion was derived. This score is based on the macroscopic
aspect of kidneys during perfusion, the arterial flow, and volume
of urine production. Kidneys with a score ≥3 out of 5 were
considered transplantable (Table 1) (44–46). The clinical studies
leading up to development of the score suffered from selection
bias because not all kidneys were transplanted. The score remains
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to be validated in large series. In that light, it is important to
realise that the majority of the evidence on the use of
normothermic perfusion as a viability assessment platform has
been obtained from kidneys that were perfused on a custommade
circuit. Therefore, the threshold flow values as proposed by
Hosgood et al. depend on the perfusion pressure (Eq. 1) (47)
and are not directly transferable to settings using different
perfusion pressures. Also, although the physical properties of
the filter remain the same when a healthy kidney is perfused ex
situ, the perfusate composition and perfusion pressures (pump
pressures) will change oncotic and hydrostatic pressures and
therefore influence filtration and ultimately “urine” production
during kidney perfusion (48). Adding tubular injury markers to
the kidney quality assessment score might improve its accuracy
and this has been explored (49).

Importantly, Schutter et al. recently showed that early
functional assessment may not reflect actual physiology. In
a pig model of normothermic perfusion kidneys were mainly
centrally perfused in the first 2 h of perfusion, while it took
time for the outer cortex to reach its physiological dominant
perfusion state (50). Before that, the functionally important
renal cortex appeared severely underperfused, meaning longer
perfusion times might be needed for reliable viability
assessment. This point was also raised by Hosgood et al.
who recently published a report on a pair of kidneys that
had passed the quality assessment test but still developed
PNF (51).

LIVER

In contrast to kidney perfusion, liver perfusion has not yet
reached the stage of wide-spread clinical implementation.
Building on the pioneering work of Starzl and others
(52–54), both hypothermic and normothermic liver perfusion
are now the topic of several clinical studies investigating the
value of perfusion as a preservation method but also as a
platform for organ viability assessment. The need for
optimized preservation and reliable viability assessment is
high as an increasing number of DCD livers, at higher risk

of PNF and post-transplant cholangiopathy, are offered for
transplantation (7, 8). Like in the kidney, ischemia
reperfusion injury in the liver causes cellular injury.
Hepatocellular injury leads to a spectrum of clinical
presentation, marked by increased transaminases. When
severe, early allograft dysfunction occurs which is associated
with increased mortality and graft loss (55–57). When
irreversible, in the case of PNF, recipient mortality is high
(58). While the liver regenerates, it remains difficult to assess
what level of injury a liver can tolerate while still providing life
sustaining function to the recipient. Furthermore, cholangiocyte
injury and injury to the peribiliary plexus can lead to post-
transplant cholangiopathy, a vexing complication leading to
increased morbidity and reduced graft survival (59, 60). Liver
perfusion offers a window of opportunity to gather additional
information on both the level of injury sustained and the
remaining liver function.

Hypothermic Liver Perfusion
Like in kidney, options to assess liver function during
hypothermic perfusion are likely limited because metabolic
rate is severely reduced. However, in contrast to kidney,
hypothermic liver perfusion is nearly always actively
oxygenated and mitochondrial respiration continues (61). A
short period of hypothermic oxygenated perfusion of the liver
has been described to have immunomodulatory effects, preserve
the endothelial cell glycocalyx and the peri-biliary vascular plexus
and glands, and improve post-transplant outcomes (61–65).
Recent studies have shown less post-transplant hepatocyte
injury and reduced cholangiopathy rates with hypothermic
oxygenated perfusion (65, 66).

Perfusate Injury Markers
In the first clinical series of hypothermic liver perfusion,
Guerrera et al. already described a correlation between
perfusate and post-transplant serum transaminases (63, 67).
These findings were confirmed by Patrono et al. but none of the
injury markers were independently associated with outcomes
(68). The detection of mitochondrial flavin mononucleotide
(FMN), an integral part of mitochondrial complex I, in the
perfusate might be a surrogate marker for impaired cellular
energy production.

There is evidence that the release of FMN occurs
independently of the other hepatocellular enzymes (69). A
strong correlation of FMN with post-transplant peak
transaminases and coagulation factors was found in addition
to correlation of FMN with hospital stay, post-transplant
complications, and graft failure within 3 months (69). FMN
was also predictive of early allograft dysfunction (69). The
correlation of FMN with early allograft dysfunction was also
described by Patrono et al. though not found to be significant
(62). Currently there is too little evidence to conclude whether
injury markers measured during hypothermic oxygenated liver
perfusion are helpful in predicting viability. With the completion
of the first large trials, further evidence on the proper value of
these markers is likely to become available in the near future
(NCT01317342) (65).

TABLE 1 | Kidney quality assessment score as defined by Hosgood et al.

Kidney quality assessment
score parameter

Point

Macroscopic assessment
Grade I: Excellent perfusion (global pink appearance) 0
Grade II: Moderate perfusion (patchy appearance) 1
Grade III: Poor perfusion (global mottled and purple/black appearance) 2

Renal Blood flow
Threshold ≥50 ml/min/100 g 0
Threshold <50 ml/min/100 g 1

Total urine output
Threshold ≥50 ml/min/100 g 0
Threshold <50 ml/min/100 g 1

Scores range from 1 to 5, 1 indicating the least injury to 5 the most severe. Reproduced
from (95) with permission under Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0).
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Perfusion Parameters
Very little is known about the relationship between hepatic artery
or portal vein flow and resistance during hypothermic
oxygenated liver perfusion. Like in the kidney, an increase in
flow over time and a decrease of hepatic artery resistance are
observed (65, 70). Patrono et al. observed a slower decrease in
hepatic artery resistance in livers that developed early allograft
dysfunction but larger series need to be analysed to understand
the value of perfusion parameters as predictor of post-transplant
viability (70).

Normothermic Liver Perfusion
In contrast to normothermic kidney perfusion,
normothermic liver perfusion is more widely studied. In a
randomised study, normothermic liver perfusion has been
shown to reduce post-transplant graft injury, measured by
hepatocellular enzyme release, compared to cold storage
(71). Despite these findings, no differences were seen in
graft or patient survival, hospital stay and bile duct

complications. Remarkably, a 50% lower rate of organ
discard was noticed in the perfusion arm, confirming the
need for pre-transplant viability assessment to increase the
number of liver transplants. It must be noted that this trial
was not designed to address organ utilization and selection
bias because of the non-blinded nature might have been
present. Trials with organ utilization as primary outcome
should randomise as early in the process as possible,
ideally at the time of the organ offer or even at the time
of listing the patient for transplant (72). A short period of
normothermic liver perfusion to test viability has been
explored by a number of groups (73–82). Encouraging
results have led to the implementation of normothermic
liver perfusion as a viability assessment tool in expert
centres although there is considerable variability in both
indications and assessment criteria (83). Because the liver is
metabolically active, liver function might be assessed
during normothermic perfusion. In this light it is
important to remember that both hepatocytes and

FIGURE 2 | Schematic overview illustrating metabolic liver zonation with reference to glucose and ammonia metabolism. Blood entering the liver lobule in vivo
through hepatic artery (HA) and portal vein (PV) branches is rich in hormones, nutrients and oxygen. Periportal (zone 1) metabolic processes will include those requiring
such conditions, while perivenous (zone 3) hepatocytes may preferentially include those metabolic processes that are less dependent on high levels of oxygen, for
example, or those requiring products made in the periportal hepatocytes, such as urea. Reproduced from (84) with permission under Creative Commons
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0).
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cholangiocytes need to be functioning for sustained graft
function and survival.

Markers of Hepatocyte Injury and Function
In assessing the hepatocyte compartment, the zonation of the
hepatocytes helps when interpreting the meaning of several

perfusate markers (84). As oxygen concentrations are the
highest in the periportal zone, zone 1 hepatocytes are
differentiated to carry out processes that require high oxygen
concentrations (Figure 2). Near the central vein, zone 3
hepatocytes are adapted to the low oxygen concentrations that
are present.

FIGURE 3 | Typical normothermic perfusate profiles of liver perfusion. The figure shows schematic graphs with typical biochemical and resistance profiles during
normothermic liver perfusion with an interpretation regarding viability given according to current state of knowledge. Profiles of viable hepatocellular compartment livers
are denoted by solid black lines, while dashed lines denote grafts where viability might be in doubt, due to a slow lactate clearance, persistently raised perfusate glucose,
rising perfusate transaminase concentration or requirement for continued bicarbonate support to maintain pH. The graphs also show the different biochemical
profiles of bile depending on the viability of the ducts, where viable cholangiocytes producing bile with an alkaline pH, low glucose (especially relative to the high perfusate
glucose) and increasing bicarbonate levels. To date, there is no clinical evidence in support of bile production or hepatic resistance thresholds for viability. Reproduced
from (84) with permission under Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0).
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Perfusate Transaminases
Perfusate transaminases (as opposed to postoperative systemic levels of
transaminase) have been used to determine the viability of a particular
graft for implantation. In viable livers, perfusate transaminases seem to
plateau over time. Most livers will reach this plateau by 2 h (76, 77, 82)
therefore continued transaminase increase is suggestive of ongoing
injury during perfusion (Figure 3). It must be noted that transaminase
levels may be influenced by the age of the donor, steatosis, ischemia
time, among other factors (72). Perfusate transaminases should be
normalized for liver weight and perfusate volume to allow
comparability with other perfusion systems and different livers (72).
Because aspartate aminotransferase may also rise from haemolysis on
the circuit, alanine aminotransferase might be more representative of
the degree of hepatocellular damage (76, 77, 85).

Perfusate transaminases seem to be correlated with post-
transplant systemic levels of transaminases (77) though the
usefulness of this correlation in helping predict outcome is
unclear. Indeed, postoperative levels of transaminases are
influenced by the perfusion itself and the large volume of
perfusate (wash-out) (72). Additionally, bilirubin and INR seem
to have a stronger predictive capacity for patient and graft survival
compared to AST, indicating that hepatocyte injury with little
involvement of the biliary tree has a more benign course (86).
The usefulness of the current definition of early allograft dysfunction
(using peak transaminases in the first week, total bilirubin and INR
levels) (55) in case of livers transplanted after perfusion is unclear
and the definition might need revisiting (86, 87).

Perfusate Lactate
A slow clearance of lactate is associated with severe parenchymal
injury where viability may be in doubt (71, 73, 77, 84, 85). Indeed,
lactate metabolism occurs mainly in the periportal hepatocytes
(zone 1), so a viable rim of zone 1 hepatocytes can metabolise the
lactate in the relatively small volume of perfusate, even in the
presence of severe parenchymal damage in zone 2 and 3 (Figure 3).
Therefore, lactate is not recommended as a single viability marker.

Perfusate Glucose
Glycogenolysis is an ATP-independent process that continues
during cold storage, evidenced by increasing perfusate glucose
levels early during normothermic perfusion (Figure 3). A normal
level of glucose during normothermic perfusionmay reflect minimal
ischemia, but may point out glycogen exhaustion or extensive liver
injury (77). Over time, a viable liver will re-incorporate this glucose
into glycogen during perfusion (Figure 3) (77).

Acid-Base Homeostasis During Perfusion
Regulation of the hepatic acid-base balance depends, among
others, upon the differential metabolism of glutamine along
the lobule (88). Healthy livers tend to have a better pH
regulation and stabilisation (Figure 3). Analysing pH and the
need for external regulation by bicarbonate replacement could
help assessment viability of the hepatocyte compartment (76, 77).

Coagulation Factors During Perfusion
In a preclinical study, severely injured livers have low perfusate
levels of anticoagulant and coagulation factors compared to those

that are minimally injured livers (89). Little information on the
value of perfusate (anti)coagulation factors in human settings is
available. Such proteins are detectable but no correlation between
(anti)coagulation factors and severity of post-transplant injury
has been shown (89, 90). Whether low factor concentrations are
predictive of outcome remains to be investigated (89).

Bile Production During Perfusion
Bile production is an important function of the hepatocyte and
the volume of bile produced during normothermic perfusion has
been associated with hepatocyte injury (91). However, the
absence of bile production during perfusion is not necessarily
a feature of a non-viable graft (71, 92).

Markers of Cholangiocyte Injury and Function
The importance of assessing cholangiocyte viability was recently
demonstrated by Mergental et al. who selected livers, thought
unsuitable for transplantation on static cold storage, based on
hepatocyte viability criteria. Of 31 initially discarded livers, 22
(71%) met hepatocyte viability criteria were successfully
transplanted with no PNF cases. However, three out of ten (30%)
DCD livers developed biliary complications requiring
retransplantation (80). Indeed, while the hepatocyte is responsible
for producing bile, the healthy cholangiocyte ensures an alkaline
composition of bile with low glucose levels (Figure 3) (92, 93).
Watson et al. and Matton et al. provide suggested cut off values
for bile pH, glucose, and bicarbonate concentrations that need
validation in large series (77, 78, 85, 94). As for kidney, clinical
studies identifying these cut-off values suffer from selection bias as not
all livers were transplanted, though pathological assessment of the
intra-hepatic bile ducts of some of the non-transplanted livers were
correlated with bile biochemistry (77).

Perfusion Parameters
Hepatic artery and portal vein resistance decrease quickly during
perfusion to reach a steady state (Figure 3). Little is known about
the meaning of these findings though Watson et al. observed no
correlation of these parameters with outcome or biochemical
markers of hepatocellular injury (77).

CONCLUSION

Organ perfusion has demonstrated it can serve as a viability
assessment tool with current evidence suggesting
normothermic perfusion is better suited. Indeed, although
good quality evidence shows that injury markers and
perfusion parameters during hypothermic kidney perfusion
predict graft outcome, these markers lack the predictive
accuracy needed in clinical practice. Little is known about
the association of liver perfusate injury markers and perfusion
parameters during hypothermic perfusion and this deserves
further investigation. The recent large clinical trials, where
livers were transplanted regardless of perfusate markers,
provide valuable cohorts.

Normothermic perfusion, with a metabolically fully active
organ, has been shown to be able to select viable grafts from
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those that were thought unsuitable for transplantation.
Nevertheless, to date, there are no clear, validated and
accurate markers to allow routine implementation of the
technique in clinical settings. Data from larger studies are
needed. Ideally, selection bias should be avoided by
transplanting all organs that are perfused and blinding
clinical teams to the viability assessment findings. However,
as these studies would involve organs of doubtful viability, and
therefore a reasonable chance of post-transplant failure, this
obviously poses ethical concerns exposing patients to an
increased risk of complications. One way would be to
accumulate cases in large international registries so that a
high enough number of cases with an undesirable outcome
can be analysed together.
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