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Abstract
The last decade saw increased organ donation activity 
from donors after cardiac death (DCD). This contribut-
ed to a significant proportion of transplant activity. De-
spite certain drawbacks, liver transplantation from DCD 
donors continues to supplement the donor pool on the 
backdrop of a severe organ shortage. Understanding 
the pathophysiology has provided the basis for modula-
tion of DCD organs that has been proven to be effective 
outside liver transplantation but remains experimental 
in liver transplantation models. Research continues on 
how best to further increase the utility of DCD grafts. 
Most of the work has been carried out exploring the 
use of organ preservation using machine assisted per-
fusion. Both ex-situ  and in-situ  organ perfusion sys-
tems are tested in the liver transplantation setting with 
promising results. Additional techniques involved phar-
macological manipulation of the donor, graft and the 
recipient. Ethical barriers and end-of-life care pathways 
are obstacles to widespread clinical application of some 
of the recent advances to practice. It is likely that some 
of the DCD offers are in fact probably “prematurely” of-

fered without ideal donor management or even prior to 
brain death being established. The absolute benefits of 
DCD exist only if this form of donation supplements the 
existing deceased donor pool; hence, it is worthwhile 
revisiting organ donation process enabling us to iden-
tify counter remedial measures. 
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INTRODUCTION
The current literature suggests that outcomes of  liver 
transplantation using organs from donors after cardiac 
death (DCD) are nearly comparable to that of  donors 
after brain death (DBD) or live donor transplants[1-3]. 
However, these results are obtained at the expense of  
significant peri-operative and long term morbidity to the 
recipient and add substantial cost to the health econom-
ics. In countries where transplant programs depend on 
deceased donors for the supply of  organs, there appears 
to be a recent increase in DCD numbers. In the United 
Kingdom alone, DCD activity contributed up to 35% of  
deceased donor transplants in the year 2009-2010. The 
United Network for Organ Sharing (UNOS) data sug-
gests similar trends, with DCD accounting up to 10% of  
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overall transplant activity. The initial euphoria of  DCD as 
a viable and alternative organ source is diminishing with 
the realisation that these DCD organs have contributed 
to an increased number of  transplants at the expense of  
DBD organs (Figure 1). 

There is a lack of  universally acceptable objective cri-
teria in identification of  an ideal DCD donor and suitable 
recipient selection. With ever growing transplant waiting 
lists and death while on the list, clinicians are always on 
the lookout for means of  pushing the boundaries; which 
donors can be accepted for DCD donation and which 
organs can be safely transplanted into which potential 
recipient. The big unanswered question that remains is 
“which potential DCD donor would become a DBD 
donor if  appropriately managed?” but this is beyond the 
control of  transplant surgeons and lies in the hands of  
the intensivists who manage most of  these donors prior 
to the referral[4,5]. 

Translational studies are not readily incorporated in 
to the practice in the field of  DCD liver transplantation. 
The bulk of  the evidence on clinical outcomes consists 
of  retrospective and observational series. On a positive 
note, there is evidence on manipulation of  DCD grafts, 
potentially rectifying initial warm ischemia induced organ 
injury[6]. Most of  the problems associated with DCD 
liver transplantation are related to the additional ischemic 
insult that occurs following cardiac death and until organ 
perfusion with preservation solution is commenced. The 
exaggerated ischemia reperfusion injury might be poten-
tially life threatening to the recipient upon reperfusion 
of  the graft[7]. A higher incidence of  significant organ 
dysfunction, delayed graft function with primary non-
function is reported with organs from DCD donors[8,9]. 
Dependency on organ support in the immediate post op-
erative period is an added burden on healthcare systems, 
in addition to increased risk of  long term complications 
e.g. biliary complications in DCD liver grafts.

In this review we aim to analyze the current literature 
on outcomes, results and complications of  DCD liver 
transplantation and investigate interventional and experi-
mental strategies to overcome issues related to DCD liver 
transplantation.

HISTORICAL PERSPECTIVES
For many years, liver transplant programs, based on 
deceased organ donation programs, have depended on 
“cadaveric donors” where death has been confirmed by 
brain stem death testing. These donors are called heart 
beating donors but more recently have become known 
as deceased after brain death (DBD) donors. Liver trans-
plantation became an accepted treatment for end stage 
liver disease following the refinement of  immunosup-
pression therapy that resulted in improved long term 
graft and patient survival. The increasing success of  liver 
transplantation led to a widening of  the indications and 
in the UK was at a time of  a reduction in the number 
of  potential donors offered to the donor coordinator 

teams to a point where the organ supply did not meet 
the demand, and so surgeons explored alternative organ 
sources. 

The concept of  non-heart beating donation or dona-
tion after cardiac death (DCD) was re-visited as a viable 
source of  liver grafts in this setting[10]. DCD donation 
was in fact not a new phenomenon but could be regarded 
as a revival of  a historical procedure first performed in 
1933. Historically, almost all renal transplants were car-
ried out using DCD organs following the first published 
report in 1955[11]. There was a revival of  DCD activity 
towards the end of  the 20th Century[12-14]; this success in 
the light of  a reducing pool of  DBD donors prompted 
liver transplant surgeons to re-explore the possibility of  
grafts from DCD donors for liver transplantation[15-18]. 
In the 1990s, there was increased activity of  DCD liver 
transplantation in the United States and Europe, which 
led to the 1st DCD conference held in 1995[19,20]. During 
this conference, experts gathered in Maastricht defined 
the categories of  DCD donors, widely known as Maas-
tricht criteria. The following four categories were defined: 
Category Ⅰ - Death on arrival; Category Ⅱ - Failed resus-
citation; Category Ⅲ - Awaiting cardiac arrest, generally 
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comprising planned withdrawal of  life support of  an in-
hospital (ITU) patient; Category Ⅳ - Cardiac arrest after 
brain stem death.

Categories Ⅰ and Ⅱ are known as “uncontrolled” do-
nors owing to lack of  the time of  cardiac arrest; hence the 
predictability of  initial warm ischemia. In contrast, types 
Ⅲ/Ⅳ donors have a more predictable course before the 
cardiac death and were termed “controlled” donors. The 
outcomes of  livers from uncontrolled DCD donors were 
poor; only a few reports have been published on liver 
transplantation using these donors and some form of  
cardio-pulmonary support was employed in these donors 
to maintain recirculation[8,21]. Substantial data on renal 
transplantation from uncontrolled DCD donors exists; 
however, most liver transplant programs only use con-
trolled DCD donors at present[22]. Initial results following 
controlled DCD transplantation were acceptable and simi-
lar to that of  livers from DBD donors; initially this donor 
organ source was thought to be a supplement to reducing 
numbers of  organs from DBD donor sources. 

CURRENT TREND IN DCD DONATION
In the UK, DCD donation activity has increased by 
100% over the last few years. One would expect this to 
have contributed to a parallel increase in the overall trans-
plant activity, but in reality, the total number of  deceased 
donors (DCD and DBD) and the number transplants has 
remained static or declined in comparison to the previ-
ous years. Therefore, it appears that the DCD activity has 
increased at the expense of  DBD activity. We speculate 
that this might be explained by some DCD donors being 
referred prior to the establishment of  brain stem death. 
This is opposite to UNOS data which suggests that DCD 
activity has increased to supplement the overall transplant 
activity[16].

PATHOPHYSIOLOGY OF DCD
Following withdrawal of  treatment in DCD donors, 
organs suffer an ischemic insult resulting from hypoten-
sion and desaturation below the levels that are required 
to maintain adequate tissue perfusion. In our own unit, 
we consider blood pressure < 50 mmHg and oxygen 
saturation < 80% as heralding the beginning of  warm 
ischemia. Intracellular energy charge is paramount for 
cellular viability[23,24]. In the absence of  oxygenated per-
fusion during warm ischemia, anaerobic metabolism 
heralds intracellular energy depletion, lactic acidosis and 
paralysis of  energy driven Na+/K+ pumps that maintain 
cell membrane integrity culminating in edema, intracel-
lular vacuolation and cell death. In general, it is accepted 
that hepatocytes withstand sustained warm ischemic in-
jury for up to 30 min, and grafts transplanted beyond this 
limit have a higher incidence of  primary non function[25]. 
The degree of  intracellular vacuolation has been shown 
to be predictive of  the eventual graft outcome in pig liver 
transplantation[26], although this is not routinely examined 
in the clinical setting. 

Another factor which is detrimental to DCD grafts is 
post-mortem clot formation in the hepatic microvascu-
lature. This leads to differential and non-uniform perfu-
sion during both organ retrieval and upon reperfusion 
and eventually determines subsequent graft function. 
Additional problems specific to liver transplantation in-
clude biliary epithelial damage leading to ischemic type 
biliary strictures (ITBL)[21]. Bile ducts derive an exclusive 
arterial blood supply and poor perfusion of  the biliary 
microvasculature is implicated in ITBL. The incidence 
of  biliary strictures is also associated with inadequate 
bile duct flush at the commencement of  cold ischemia. 
Inspissated bile salts are deposited inside the intrahepatic 
segmental ducts causing biliary epithelial injury progress-
ing to strictures[27]. 

The added ischemic insult in DCD grafts compared 
with DBD donor grafts can provoke severe ischemia 
reperfusion injury after transplantation. This can lead 
to cardiovascular, renal and systemic instability and oxy-
gen derived free radicals are implicated[28]. Various bio-
markers have been described to quantify the ischemic 
injury prior to organ retrieval or transplantation, with the 
objective of  assessing suitability of  grafts for transplanta-
tion; these include xanthine, hypoxanthine, hyaluronic 
acid and reduced glutathione etc.[29-33]. Hypoxanthine is a 
catabolic by-product of  intracellular ATP depletion and 
upon reperfusion with oxygenated blood becomes oxi-
dised to xanthine. Both molecules possess the potential 
to generate free radicals which are implicated in ischemia 
reperfusion injury[28,34]. Proportionate increase in extra-
cellular hypoxanthine was shown to be associated with 
duration warm ischemia reflecting increased free radical 
production, poor graft viability and function[31]. Undoubt-
edly, assessment of  these biomarkers in DCD liver grafts 
prior to implantation would be helpful. Certain technical 
limitations, namely the failure to identify these biomark-
ers in the peripheral body fluids, technical demands and 
time constraints in the actual clinical setting, preclude 
them from being incorporated in to current practice.

CLINICAL OUTCOMES OF DCD
The incidence of  delayed graft function and primary 
non-function is higher in livers from DCD donors and 
this leads to patient instability in the early post transplant 
period. Worsening liver function tests in the presence of  
acidosis and coagulopathy are poor prognostic markers. 
The reported incidence of  primary non-function is up to 
15% following transplantation of  a DCD donor liver[21,35]. 
This is 4-5 fold higher when compared to livers from 
DBD donors. The risk of  PNF further increases with 
prolongation of  the cold ischemia time[36]. Some authors 
have suggested that cold ischemia is more detrimental to 
DCD grafts[37]. 

The early results of  graft and patient survival follow-
ing liver transplantation from DCD donors were com-
parable to that of  transplantation from DBD donors[38]. 
Refinements of  donor procurement, preservation, donor 
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organ selection and peri-operative care has resulted in 
improved outcomes in the last decade. At present, the 
long term patient and graft survival stands at 60%-70% 
at 5 years following liver transplantation from a DCD 
donor. A recent report even suggested equal survival out-
comes[1]. Strict donor selection criteria probably contrib-
uted to these results that may not be possible to apply in 
most of  the other centers[39]. 

ITBL is associated with long term morbidity and risk 
of  further surgical and non-surgical interventions and 
even re-transplantation[35,40]. Isolated intrahepatic lesions 
may have an indolent course in the presence of  free bili-
ary drainage from the unaffected hepatic parenchyma 
(Figure 2). Involvement of  major bile ducts or the extra-
hepatic biliary system, however, is not uncommon and 
warrants aggressive management[41]. The risk of  ITBL 
appears extremely high and is reported in up to 50% of  
uncontrolled DCD transplantation[21]. Although less fre-
quent, in the controlled DCD setting the highest reported 
incidence is between 30%-40%[40,42].

Anecdotal evidence suggests that there is a tendency 
for an increased use of  hospital resources, including in-
tensive care facilities, renal support including dialysis and 
hemofiltration during the early post transplant period in 
those recipients receiving a DCD donor liver when com-
pared with those receiving a DBD donor liver. There is 
no published evidence to support this theory; however, 
some initial unpublished work that has been carried out 

in our institution points towards such trend. This means 
increased financial costs associated with DCD donation 
and the recipients are at greater operative risk. 

Despite all of  these shortcomings, DCD donor grafts 
have been able to save lives of  patients with both acute 
and chronic liver failure and have been used as either full 
or segmental grafts[43,44]. Despite the substantial risk car-
ried with such procedures, the long term outcomes have 
been satisfactory. Based on these limited data, it could be 
speculated that these grafts may even be routinely used 
in the setting of  acute liver failure for emergency trans-
plants or used as split grafts benefiting two recipients[45,46]. 
The key to success is careful donor selection when DCD 
donor grafts are considered for such extreme clinical situ-
ations. 

CURRENT RESEARCH
There are a number of  levels of  intervention that offer 
potential areas of  research on reconditioning of  DCD 
liver grafts (Figure 3). Most of  the published studies are 
in animals and a significant proportion of  these included 
surrogate biomarker analysis in non-transplant models. 
How these data extrapolate to clinical practice remains 
unclear. In countries where DCD transplantation (mostly 
renal transplants) from category II donors is practiced, 
some of  these techniques have been employed in the 
clinical setting with better long term outcomes for the 
recipients and grafts[12]. Reconditioning of  non heart beat-
ing donors offers an opportunity to both improve out-
comes and increase the availability of  DCD donor organs. 
Understanding the pathophysiology of  DCD donation 
has enabled many investigators to explore the impact of  
pharmacological manipulation and both in-situ and ex-situ 
machine perfusion has begun to become a real clinical 
possibility. The success of  ex-situ machine perfusion of  
kidney grafts from DCD donors[12,47-49] has been begun to 
be adapted by other specialties, including cardiac trans-
plantation[50]. 

Numerous methods of  improving the quality of  the 
DCD grafts have been described and the different termi-
nology adds to confusion. The two principle techniques 
of  machine perfusion described are “hypothermic” and 
“normothermic”. During hypothermic perfusion, graft 
energy stores are replenished whilst normothermic reper-
fusion goes a step further and is aimed at reviving DCD 
grafts from ischemic injury. Depending on the timing 
of  application, such procedures are further classified as 
“pre-conditioning” and “post-conditioning”. Apart from 
machine perfusion, these terms may also encompass oth-
er pharmacological modulation/intervention of  grafts. 
Pre-conditioning refers to such applications carried out at 
the time of  retrieval or after the retrieval but prior to cold 
storage of  organs. In contrast, post-conditioning refers 
to techniques that are employed after cold storage and 
immediately prior to the reperfusion in the recipient. 

Extra-corporeal (ex-vivo) perfusion
The Oxford Group studied the benefits of  normother-
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Note: dilated intrahepatic ducts proximal to intrahepatic biliary strictures.
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mic machine perfusion extensively. Imber et al[51,52] (2002) 
reported that normothermic perfusion is superior to 
the traditional UW solution based cold storage. Total 
extracorporeal machine perfusion has its disadvantages 
owing to technical difficulties in vascular connections; 
expertise and organ transport, etc., and hence may not be 
practical in most situations. Subsequently Reddy et al[53] 
(2004) explored the possibility of  post-conditioning of  
liver grafts that have been stored in the cold storage for 
a limited period. This model has more practical sense 
as in real practice the organs could be transported (cold 
stored) to the recipient center and “post-conditioned” 
with normothermic perfusion for a certain period of  
time prior to implantation. The authors concluded that 
sequential cold storage followed by normothermic perfu-
sion is detrimental to the grafts, leading to more hepato-
cyte injury. Subsequent to this, the same group tested a 
similar model but with shorter cold ischemia compared 
to their previous study, and they demonstrated that he-
patocytes retained the synthetic function after brief  cold 
ischemia and more prolonged post conditioning[37]. The 
results from Gong et al[54] (2008) had also drawn similar 
conclusions following normothermic perfusion of  swine 
liver when compared to cold stored liver in histidine-
tryptophan-ketogluterate solution.

The results of  hypothermic perfusion appear to be 
different to that of  normothermic models. Several studies 
have suggested post conditioning in the experimental liver 

transplant as well as renal transplant setting where hypo-
thermic post conditioning yielded better outcomes[55-57]. 
Extra-corporeal oxygenated machine perfusion (ECMO) 
of  DCD liver grafts was shown to be superior to the tra-
ditionally cold stored liver grafts[58]. The key elements of  
hypoxia induced cellular injury are shown to be reversible 
in pre-conditioned grafts perfused with oxygenated buf-
fer using the extracorporeal perfusion system[59]. Short 
term hypothermic oxygenated machine perfusion re-
stored intracellular ATP and gave better post-transplant 
biochemical parameters than those transplanted without 
such intervention[58]. Work carried out by Manekeller et 
al[60] (2007) reported comparable outcomes in terms of  
bile acid production, ammonia clearance, vascular resis-
tance and oxygen utilisation of  DCD liver grafts treated 
with a short period of  post conditioning prior to viability 
assessment. The authors concluded that prolonged cold 
ischemia may potentially augment injury caused by warm 
ischemia; some of  the conclusions drawn in this study 
may be considered speculative in the presence of  draw-
backs in their study design[60] (Table 1). 

Machine perfusion alone, however, may not provide 
the solutions to the problems associated with DCD livers. 
Jain et al[61] (2004) extensively studied the hemodynamic 
perfusion changes occurring during hypothermic perfu-
sion at extremes of  cold ischemia time extending to 24 
h. Such long cold ischemia is not expected in the routine 
clinical setting but some of  their observations highlight 
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the problems peculiar to DCD livers. It was shown that 
heterogenous microvascular perfusion occurred with hy-
pothermic perfusion, probably resulting from endothelial 
cell injury. This has been confirmed by other studies[25]; 
a similar heterogenous perfusion is commonly observed 
in the clinical setting that is directly associated with peri-
operative instability of  recipient and reflected on subse-
quent graft dysfunction. 

In-vivo (in-situ) perfusion
A novel approach is the “in-situ (vivo)” machine perfusion 
and current interest is centred on in-situ perfusion using 
autologous blood and an ECMO device. This obviates 
the need for exhaustive techniques to reconnect the or-
gans to the machine; hence, appears simple when the 
technical aspects alone are compared with its counterpart 
“ex-situ (vivo)” machine perfusion. The first results of  in-
situ perfusion with an ECMO device was published by 
Ko et al[62] (2000); the authors reported of  the use of  an 
ECMO assisted perfusion when legal barriers precluded 
organ retrieval from DCD donors after certification of  
cardiac death. The group published data on 8 renal trans-
plants performed after reviving the organs with hypother-
mic circulation driven by ECMO and reported immediate 
graft function in 75% cases, whilst delayed graft function 
was observed in the remainder. This group reproduced 
similar results in a subsequent publication which created 
an interest in the in-vivo revival of  DCD organs[63]. 

Quintela et al[64] (2005) reported the earliest clinical re-
sults of  liver transplantation from a technique that could 
be simulated to autologous re-perfusion and without a 
mechanical device; the importance is that this is the only 
reported clinical series and the donors in this series could 
be regarded type Ⅱ DCD donors. They reported 10 liver 
transplants performed using grafts that were maintained 
by abdominal compression-decompression to maintain 
organ perfusion. Successful results reported by this group 
have not been reproduced by the same or any other 
groups to date. 

There is very limited data on the performance of  liver 
grafts that have been perfused in-situ with normothermic 
perfusion techniques. Rojas et al[65] (2004) reported their 
results on swine maintained on ECMO following induced 
cardiac arrest, and concluded venous oxygen saturation 
reached the baseline pre-cardiac arrest levels within 15 
min of  ECMO perfusion, whilst retaining 75% of  syn-
thetic function following warm ischemia. These results 
are exciting, but no other groups have reported similar 
results. The same group recently published data on a 
similar model with 30 min of  induced warm ischemia fol-
lowed by ECMO support[66]. Organs were recovered to 
a transplantable level. The prospects of  in-vivo perfusion 
appear sound as technical aspects are less cumbersome 
when compared to extracorporeal perfusion techniques. 
A major obstacle is application of  such a technique to 
human model and overcoming the ethical and legal barri-
ers. 

Pharmacological agents and modulation
The initial reports of  pre-flush with streptokinase were 
centered on renal transplantation demonstrating the im-
proved microvascular permeability and graft function[67,68]. 
The convincing results led to routine incorporation of  
this to the practice among many centers[69]. In the DCD 
liver grafts of  an ex-vivo transplant model, heterogenous 
patchy perfusion resulting in loss of  cellular integrity 
had been shown when not treated with anti-fibrinolytic 
streptokinase solution[70]. Yamauchi et al[71] (2000) re-
ported improved microvascular perfusion in the rat liver 
transplantation model using DCD grafts pre-flushed with 
streptokinase. 

Multifactorial “modulation” of  DCD donors with 
the use of  pharmacological agents was reported in a re-
cent animal study[6]. The investigators used a combined 
pharmacological modulation “in-situ” as well as during the 
recipient operation. The agents used mainly were anti-
thrombogeneic and vasodilatatory (streptokinase, hepa-
rin, epoprostenol) and biological agents (primarily redox 
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Table 1  Summary data on normothermic ex-vivo  perfusion studies of donors after cardiac death liver

Author Yr Model Summary Outcome

Gong 
et al[54]

2008 Animal (swine) Normothermic perfusion with autologous blood (n = 4), 
compared with cold stored controls in HTK solution (n = 4)

Improved bile production, less hepatocyte damage 
and favourable haemodynamic parameters

Manekeller
et al[60]

2007 Animal (rat) Oxygenated hypothermic machine perfusion at the 
end of cold storage (post perfusion)

Improved performance indicators comparable to 
controls

Reddy 
et al[37]

2005 Animal (swine) Normothermic perfusion for 24 h (n = 5%) compared 
with sequential cold storage of 1 h followed by 20 h 
normothermic perfusion (n = 5) 

Greater hepatocyte injury whilst retaining the 
synthetic function 

Reddy 
et al[53]

2004 Animal (swine) Normothermic perfusion for 24 h (n = 4) compared with 
sequential 4 h cold storage followed by 20 h normothermic 
reperfusion (post-conditioning, n = 4)

Greater hepatocyte injury in the sequential post 
conditioning group 

St Peter 
et al[55]

2002 Animal (swine) Hypothermic storage (n = 4) compared to normothermic 
perfusion ex-vivo (n = 4) - reperfusion model not transplant

Recovery of synthetic function, less hepatocyte 
injury and improved substrate utilisation

Imber 
et al[51]

2002 Animal (swine) Normothermic perfusion (n = 5) compared with standard 
cold storage (n = 5)

Improved bile production, glucose metabolism and 
less hepatocyte injury

HTK: Histidine-tryptophan-ketoglutarate. 
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agents) aiming to minimise the ischemia reperfusion 
injury[6,72]. The livers were exposed to 45 min of  warm 
ischemia, followed by a cold storage prior to transplant. 
The investigators reported a lower incidence of  primary 
non-function, improved hepatic synthetic activity and less 
parenchymal loss following modulation. They also re-
ported lower bile salt-to-phospholipid ratio in the modu-
lation group. Increased bile salt-to-phospholipid ratio has 
been previously attributed by the same investigators for 
the higher incidence of  ITBL[27]. The protective effect of  
L-arginine in relation to attenuation of  nitric oxide and 
plasma endothelin release has also been reported[73]. It 
appears that scientists have made some headway in ad-
dressing key issues related to DCD liver transplantation; 
however, these are yet to be proven by long term follow 
up studies and application to clinical practice. 

FUTURE OF DCD LIVER 
TRANSPLANTATION
The lack of  a universally accepted and safe criterion for 
age of  the donor and the amount of  macro- and micro-
vesicular steatosis in the setting of  DCD liver grafts re-
mains a problem. Investigators have so far been looking 
only at the revival of  warm ischemic damage, but other 
surrogate factors should be investigated in the context 
of  initial poor function. Primary non function donor-
recipient matching is inevitably carried out at present and 
tends to be based on clinical and performance indicators 
in both the donor and recipient; however, models are 
needed that score the risk of  DCD grafts taking other 
parameters in to account[74]. This would help identify the 
best recipient for a particular DCD or DBD graft[7]. This 
would ensure that organ wastage from discard and recipi-
ent complications would be minimised. 

Judging by the current popularity, it may be specu-
lated that in the future, DCD liver transplantation will 
contribute a significant proportion of  the liver transplant 
activity. Whether this increased activity of  DCD dona-
tion is the end results of  the organ donation process 
through awareness among both public and medical per-
sonnel alike, or increased DCD activity at the expense of  
DBD activity, remains in question. Pressure for ITU beds 
may prompt intensivists to withdraw life support at the 
earliest opportunity when it is evident that further treat-
ment of  a patient is futile. It is known that the majority 
of  patients with intra-cerebral pathologies are managed 
with a relatively dry fluid regime in order to prevent intra-
cerebral edema; meanwhile, donor optimisation prior to 
organ retrieval involves fluid, electrolytes, blood sugar 
and hormonal support and prevention of  infection[75,76]. 
It is likely that if  these patients with intra-cerebral pathol-
ogy were managed using the optimisation guidelines then 
a proportion would become brain dead within the next 
few hours[77]. 

In our experience, there have been many instances 
where DCD donor offers were converted to DBD of-
fers at the last minute, even just prior to commencement 
of  organ retrieval. As discussed above, experience sug-

gests that, with further management for a few hours, 
even more DCD offers would almost certainly see the 
donors become brain dead[78]. Ethical or legal barriers 
may preclude pharmacological or other manipulation of  
the donor in some countries. In the United Kingdom, 
amendments to the Human Tissue Act introduced re-
cently declared that once a suitable recipient has been 
identified to receive organs from a potential donor, the 
organs belong to the recipient. This amendment might 
allow us to challenge critics who suggest donor manage-
ment/manipulation to optimise organ donation is legally 
and ethically flawed once it is decided that further treat-
ment is futile[79]. Liver transplantation with DCD organs 
should also be looked upon as a life saving operation; it 
is important that every professional involved from donor 
care to transplantation realises that the price a recipient 
will have to pay is higher when receiving DCD donor or-
gans than a DBD graft[80].

The revival of  donor liver organs is yet to be trans-
lated to clinical practice. Unlike in renal transplantation 
where one can take a calculated risk and if  unsuccessful 
return to dialysis, liver transplantation using these ma-
nipulated livers is a very big risk. What has been achieved 
so far is promising and combined pharmacological ma-
nipulation and ECMO support appears the way forward. 
In-situ revival appears a better option. In the future, we 
could see a transition from animal to human models at 
least at the pre-transplant level. In view of  the increased 
demand for donor livers, it is likely that progress made 
on the issues discussed would increase DCD liver trans-
plantation, contributing to a true and meaningful rise in 
overall transplant activity. 
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