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Preface 
 

Liver transplantation is one of the few truly life-saving and life-altering procedures in 
medicine, but at the same time it is a highly risky procedure. Thus, it is not to be 
considered as a cure but more as a swap, where the benefits and risks must be 
balanced against the risks and benefits of no-transplant. Although the basic principles 
of liver transplantation have not changed, the field of liver transplantation is still 
young, evolving and dynamic.  

This book covers a wide spectrum of topics including history of liver transplantation, 
ischemia-reperfusion injury, immunology of liver transplantation, viral hepatitis and 
liver transplantation, other indications for liver transplantation, prognostic factors and 
perioperative period.  

The authors of the chapters are experts in their respective fields. They are pioneer 
proponents in different aspects of liver transplantation and come from many centers 
across the world. The interdisciplinary approach and the authority of the contributors 
resulted in a valuable reference to anyone interested in developing a global view in liver 
transplantation including medical students, residents, fellows, nurses, and practicing 
physicians and surgeons as well as researchers in the field of liver transplantation. 

This book is dedicated to our Patients without whose goodwill and trust no progress in 
medicine would be possible. As the editor, I wish to thank all the authors for their co-
operation and desire to share their precious experience with the medical community. On 
their behalf, I wish to express hope that our publication will facilitate access to the latest 
scientific achievements in the field of liver transplantation all across the world.  

To all my colleagues at the National Liver Institute in Egypt who supported me, and 
embraced me with their warm feelings: I love you all. To all my professors who so 
generously guided me by their example, wisdom and insights: thank you. Finally, to 
Ms. Romana Vukelic, the publishing process manager, with whom editing this book 
was a real pleasure. Thank you, Romana. 

Hesham Abdeldayem, MD. 
Professor of Surgery 

National Liver Institute 
Menoufeyia University 

Egypt 
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History and Evolution of Liver Transplantation  
Ayman Azzam 

Alexandria University 
Egypt 

1. Introduction 
Historically, in ancient civilization, man had already imagined changes in the morphology, 
structure and function of the human body. Egyptian and Greco-Roman mythology provided 
examples of the metamorphoses sung by Homer and Ovid, symbolic incarnations of the 
“comedie humaine” with its strength, weakness, vices and virtues. The liver has been the 
noble organ, the organ of life from time immemorial-liver in English, Leber in German, 
derived from the verb to live. An Indian legend from the 12th century B.C recounts the 
power of Shiva, who xenotransplanted an elephant head onto a child induce the Indian god 
Gaesha.[1] In ancient China, Yue-Jen (407-310 B.B.) induced anesthesia lasting 3 days by “the 
absorption of extremely strong wine, opened up the chest of two soldiers and after 
examining them, exchanged their hearts and transplanted them”. The first reference to the 
concept of organ transplantation and replacement for therapeutic purposes appears to be 
Hua-To (136 to 208 A.D.) who replaced diseased organs with healthy ones in patients under 
anesthesia induced with a mixture of Indian hemp.  

Although attempts at transplantation date back to ancient times, the impetus for modern 
transplantation was World War II and Battle of Britain. Royal Air Force pilots often were 
severely burned when their planes crashed. The mortality rate associated with burns 
corresponds to the size of the area of the skin that has been injured and the survival rate can 
be improved if the burned skin is replaced. For this reason, British doctors, attempted skin 
transplantation from other human donors as a mode of therapy. However, these attempts 
were uniformly unsuccessful. The transplanted skin became necrotic and fell off over 
several days.[2] This problem led investigators in 1940s to study skin transplantation in 
animal models. It remained for Sir Peter Medawar in 1944 to establish that the failure of a 
skin graft to “take” was the result of a process later termed immunological rejection.[3] Later 
studies by Gowens in 1948 revealed that lymphocytes play a major role in transplant 
rejection.[4] In 1951, it was shown that cortisone therapy significantly prolonged survival of 
skin allograft.[5] In 1959, Schwartz and Dameshek reported drug-induced immune-tolerance 
using 6-mercaptopurine.[6] Later in 1961, Calne and Murray showed that azathioprine 
therapy suppressed the rejection reaction and prolonged allograft survival.[7]  

Once clinicians were confident that adequate immunosuppression was available, solid 
organ transplantation for end stage organ disease entered its early investigative phase. This 
was not possible without the application of the principles of vascular anastomosis pioneered 
by Alexis Carrel in 1902, for which he was awarded the Nobel Prize for Medicine in 1912.[8] 
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Further refinements in surgical techniques and suture materials have enabled Murray and 
his colleagues to perform the first successful kidney transplant in 1955.[9] This was a living 
donor transplant performed between identical twins. However, later attempts to perform 
renal transplantation when the donor and recipient were not genetically identical failed 
because no effective immunosuppressive therapy was available. From the early 1960s, a 
combination of azathioprine and corticosteroids was used with success to prevent graft 
rejection after kidney transplantation. In 1963, Woodraff described the immunosuppressive 
effect of antilymphocytic serum which destroyed the recipient active lymphocytes.[10] The 
success of kidney transplantation paved the way to think and perform liver transplantation 
for end-stage liver disease. 

In 1955, Welch reported on his efforts to transplant an auxiliary liver into the right 
paravertebral gutter of non-immunosuppressed mongrel dogs.[11] In 1958, Francis Moore 
described the standard technique of canine liver orthotopic liver transplantation.[12] In 
1963, Starzl attempted the first human orthotopic liver transplantation in a 3-years-old boy 
who suffered from biliary atresia, however, the patient died before the operation was 
completed.[13] Following this first unsuccessful attempt, the procedure evolved slowly and 
although his series remained largely unsuccessful, many of the technical principles that still 
guide liver transplantation were established. In 1967, Starzl and colleagues at the University 
of Colorado reported the first successful clinical liver transplantation.[14]  

Between 1966 and 1973, Starzl and colleagues performed three chimpanzee-to-human 
xenotransplantation of liver as well.[15] There have been 12 cases of clinical 
xenotransplantation including four cases of champazee-to-human, seven cases of baboon-to-
human and one case of pig-to-human.[16]  

In 1978, Roy Calne opened liver transplantation unit in Cambridge, UK, and performed the 
first liver transplantation in Europe and the second largest transplantation series in the 
world.[17] Until 1977, Starzl and Calne contributed the majority of performed liver 
transplantation worldwide.[18]  

The first hetero-topic liver transplants in man were reported by Apsolon in 1965; however, 
the first long-term survivor with this technique was reported by Fortner in 1973.[19]  

In 1984, Shaw et al introduced the venovenous bypass system at Pittsburg University, 
leading to better hemodynamic stability during the standard liver transplantation.[20]  

At the same time, Broelsch et al.[21] in the USA and Bismuth et al.[22] in France performed 
independently the first reduced-size liver transplantation. Thereafter, Pichlmayr et al.[23] 
reported the first split liver transplantation 1988. Meanwhile, Tzakis et al. introduced the 
piggyback technique with preservation of the recipient’s vena cava.[24] With the increasing 
number of the patients on the waiting list, transplantation of partial liver grafts from living 
donors evoluted to increase the donor pool. For this purpose, Broelsch et al. established the 
technique of segmental living donor liver transplantation (LDLT), and Strong et al. 
performed the first successful LDLT in 1989, implanting a left lateral segment into a 
pediatric patient.[25] In 1990, Broelsch et al. reported the first series of LDLT in the USA.[21] 
In 1991, the first domino liver transplantation using liver from donors affected by familial 
amyloidotic polyneuropathy type I was introduced by Holmgren at al.[26] In 1992, Belghiti 
and coworkers introduced a modified piggyback technique with a cavo-caval side-to-side 
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anastomosis.[27] One year later, Hashikura and colleagues transplanted a left hepatic lobe 
into an adult recipient in 1993,[28] and Yamaoka et al. implanted a right lobe into a pediatric 
recipient.[29] In 1996, Lo et al. performed the first successful liver transplantation using an 
extended right lobe from a living donor for an adult recipient.[30] In 1998, Tzakis et al. 
introduced liver transplantation with cavo-portal hemitransposition in the presence of 
diffuse portal vein thrombosis.[31] In 2002, Cherqui et al. reported first donor hepatectomy 
by a full laparoscopic procedure in which a left lateral lobectomy was successfully 
performed for liver transplantation in a child.[32] 

2. Evolution of immunosuppression 
Rejection of the transplant remained a major problem until cyclosporine-A was discovered 
by Jean Borel.[33] The 1-year survival rate following liver transplantation was 30% to 50% 
prior to the discovery of cyclosporine-A,[34,35] however, after the introduction of 
cyclosporine-A, the 1-year and 3-year survival rates were 74% and 67% in the first 1000 
recipients treated with cyclosporine-A at the University of Pittsburgh in the early 1980s.[36] 
After these good results, growth of liver transplantation was facilitated by the conclusion of 
the National Institute of Health Consensus Development Conference in 1983 that liver 
transplantation is not an experimental procedure but an effective therapy that deserves 
broader application.[34] Shortly thereafter, the first monoclonal antibody OKT3 was 
discovered by Cosimi in 1981 and proved effective in treating acute transplant rejection and 
was sometimes used along with cyclosporine-A based regimen as immunoprophylaxis 
especially in North American Centers or to treat steroid resistant graft rejection.[37] Since 
then, many new immunosuppressive agents were introduced. In 1990, Mycophenolate 
mofetil (MMF, CellCept) was introduced by University of Wisconsin and proved, in 
combination with cyclosporine-A, to further reduce the incidence of graft rejection episodes 
better than azathioprine with less toxic effects.[38] In the same year, Rapamycin (Sirolimus) 
was introduced.[39] It is like cyclosporine-A but it has a different mechanism of action. It 
inhibits lymphocyte proliferation through prevention of ligation of IL-2 to the IL-2 
receptors.[40] In 1994, Ochiai in Japan introduced tacrolimus (FK506, Prograf) and proved to 
reduce the incidence of transplant rejection more than cyclosporine A. It is like cyclosporine-
A but hundred times more potent and is indicated in severe acute rejection resistant to 
standard immunosuppressive protocols and in chronic rejection.[41] 

Greater understanding of the underlying liver disease, improved surgical and anaesthetic 
techniques, reliable immunosuppression and dependable postoperative care over the last 
few years have contributed towards improved results of liver transplantation. This success 
has resulted in a disproportionate increase in demand of liver transplantation and the 
appearance of a major problem of shortage of available donor organs, leading to a 
prolonged waiting times and high mortality on the waiting list.[42]  

3. The progress in liver transplantation with donor shortage 
The donor shortage together with the development of surgical skills of liver resections based 
on the knowledge of segmental anatomy of the liver described by Couinaud,[43] opened the 
door for innovative methods of transplantation including auxiliary liver transplantation, 
reduced-liver transplantation (RLT), split liver transplantation (SLT) and living donor liver  
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transplantation (LDLT).[44,45] Also, The donor shortage had led to the evolution of 
hepatocyte and stem cells transplantation which will be the future in the liver 
transplantation.  

3.1 Auxiliary liver transplantation 

Auxiliary liver transplantation (ALTx) consists of either implanting a healthy liver graft 
placed heterotopically or orthotopically while leaving all or part of the native liver. This 
concept was originated from an experimental work of Welch in 1955.[46, 47]  

The first auxiliary liver transplantation in human was performed by Absolon in 1964,[48] 
and it was till 1972 when an auxiliary transplantation truly prolonged a human life.[49] 
During the following two decades, ALTx was done solely in a heterotopic manner -
heterotopic auxiliary liver transplantation (HALTx), where a graft (usually partial) is placed 
below the un-resected native liver. The initial clinical results of HALTx were rather 
disappointing with a high rate of technical failure, probably due to inadequate portal 
perfusion of the graft and insufficient drainage of hepatic blood flow in an area of low 
pressure which had led to temporary abandonment of HALTx in the early 70s.[50-52]  

Many efforts have been made ever since to improve post-transplant survival. Most notably, 
based upon the experiences in animal studies,[52-58] the contributions of Terpstra’s group 
have improved the surgical techniques of HALTx with markedly increased post-HALTx 
survival rate.[58-63] Since 1980s’, the concept of ALTx has further been extended by the 
introduction of a new approach –auxiliary partial orthotopic liver transplantation 
(APOLTx), where the left or the right lobe of the native liver is resected and replaced by an 
auxiliary graft.[64-71] The physiological position of the hepatic graft by this approach results 
in an optimal outflow pressure. Accumulating clinical results have shown a reduced 
incidence of post-transplant portal thrombosis.[65, 72, 73] 

For certain types of non-cirrhotic metabolic disorders, such as type 1 Crigler-Najjar 
syndrome, urea cycle enzyme deficiencies, disorders of fatty acid metabolism, familial 
hypercholesterolemia, hemophilia and ornithine transcarbamylase deficiency, an auxiliary 
liver may correct the partial enzymatic deficiency responsible for the disease without the 
need to remove the otherwise normal native liver.[65, 66] A significant minority of patients 
with acute liver failure who fulfill the transplant criteria would have had complete 
morphological and functional recovery of their liver if they had not undergone orthotopic 
liver transplantation.[74] These considerations have led to the concept of auxiliary liver 
transplantation, which doesn’t exclude the potential for spontaneous regeneration of the 
native liver and eventual withdrawal of immunosuppression drugs.[75-78]  

In selected patient aged <40 years without hemodynamic instability, the use of ABO 
compatible, non-steatotic grafts harvested from young donors with normal liver function, 
can restore normal liver function and prevent the occurrence of irreversible brain damage. 
After standard immunosuppression, the recovery of the native liver is assessed by biopsies, 
hepatobiliary scintigraphy and computed tomography. When there is evidence of sufficient 
regeneration of the native liver, immunosuppression can be discontinued progressively. 
Complete regeneration of the native liver can be observed in >50% of patients, who can be 
withdrawn from immunosuppression. Therefore, the advantages of the auxiliary liver 
transplantation seem to balance with the potential inconvenience of this technique in 
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selected patients.[79-81] ALTx also preserves the patient’s native liver, which remains 
accessible for future gene transfer therapy.[82] 

3.2 Reduced-sized liver transplantation (RLT) 

It was first reported in 1984 by Bismuth, and involves ex-vivo resection of an adult cadaveric 
liver in order to create an appropriate sized liver graft for an infant or small child. It was 
introduced as a surgical solution for decreasing the pediatric liver transplant waiting list 
mortality using organs from donors much larger than the recipient, but does not increase 
the total number of livers available for transplantation. This is because the reduced-sized 
portion is not used and discarded.[22]  

Initially, RLT was criticized because it disadvantaged adult patients awaiting liver 
transplantation and was to be associated with inferior results. The allegations regarding 
inferior graft and patient survival were proven wrong,[83-85] and several proponents of this 
technique actually reported a lower incidence of vascular complications since the caliber of 
the hepatic artery was larger than that seen in a pediatric donor.[86] Since this technique 
resulted in discarding the remaining portion of liver, it clearly had a negative impact on 
adult population awaiting liver transplantation, and for that reason, is rarely used today. 

3.3 Split liver transplantation (SLT) 

In 1988, Pichlmayer in Germany and Bismuth in France simultaneously performed split liver 
transplantation (SLT), an ex-vivo splitting of a cadaveric liver allowing transplantation to a 
pediatric recipient and one adult.[23, 87] Unlike RLT, SLT resulted in an increased number 
of organs in donor pool with each cadaveric liver giving rise to two functioning allografts. 
The initial results of SLT, reported by Broelsch,[21] had a high rate of graft failure with a 
survival rate of only 67% in children and 20% in adults receiving a split liver transplants. In 
addition, 35% of patients required retransplantation and more than a quarter had biliary 
complications.[22] More recently, in-situ SLT has provided patient and graft survival similar 
to that seen in whole cadaveric transplantation.[88-90] The practical feasibility of split-liver 
transplantation as well as the increased safety of conventional liver surgery suddenly 
opened up the idea of removing part of the liver from a living donor. 

3.4 Living donor liver transplantation (LDLT) 

This has been made possible by recent advances in hepatic surgery; first, improved 
understanding of the anatomy and the techniques of hepatic resections,[91] second, growing 
evidence that the operative risk of partial hepatectomy in a non-cirrhotic liver is extremely 
low,[92, 93] third, widespread success with RLT,[25, 83-85, 94] and fourth, the successful 
application of SLT.[95] 

3.4.1 LDLT in pediatrics 

LDLT was first introduced in pediatric population. In 1988, Raia in Brazil reported the first 
LDLT, establishing the technical feasibility of this procedure, yet both pediatric recipients 
died of complications.[96] Strong and colleagues subsequently reported the first successful 
pediatric LDLT using a left lobe graft from the child’s mother.[25] Broelsch reported the first  
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successful series of LDLT with an overall graft survival of 75% and patient survival of 
85%.[97] Furthermore, he was the first to report a prospective ethical analysis of this radical 
surgical innovation prior to performing their first LDLT.[98]  

LDLT in children involves the removal of an adult donor left lateral segment (segment 2 and 
3). Monosegment transplantation (segment 3) was introduced in Japan to solve the problem 
of “Large for size” grafts in small children.[99] The donor operation has been associated 
with a low and acceptable risk for complications. The donors being related to the recipients 
(parents), the risk for the donor is balanced by the great benefit to be received by the 
transplant recipient, as well as the donor’s psychological benefit. 

LDLT was initially restricted to children with chronic disease, in relatively stable condition, 
in order to avoid a major psychological pressure on the potential donor.[98] With larger 
experience, it was extended to emergency cases such as fulminant hepatic failure. Auxiliary 
transplantation, initially developed in this indication,[78] and in metabolic disorders,[100] 
could also be performed with a living donor liver.[101-104] 

The continued shortage of cadaver livers in the face of growing list of recipients plus the 
advantages of LDLT have led to the introduction of LDLT in adults. 

3.4.2 Adult-to-adult LDLT 

The expansion of LDLT to the adult population began in the countries where the availability 
of deceased donors was scarce, and in some cases, totally unavailable.[105-107] The law for 
deceased organ retrieval was instituted in Japan in 1998, however, the lack of societal 
acceptance of organ retrieval from brain dead donors resulted in live donation being the 
main source of grafts for patients awaiting transplantation in Japan and other countries in 
Asia.[108] 

On November 2, 1993, the Shinshu group performed the first successful adult-to-adult 
LDLT.[28] By June 2002, there were 433 adult LDLT cases recorded in European Liver 
Transplantation Regestery,[109] with 3 years graft and patient survival rate of 65% and 68% 
respectively. According to the United Network for Organ Sharing (UNOS), 731 adult LDLT 
cases have been performed in the United States by October 2001. The 3 years graft survival 
was 47% between 1998 and 1999 (n=156) but it improved significantly to 61% between July 
1999 and June 2001 (n=285).[110] According to the Japanese Liver Transplantation Society, 
1063 adult LDLT procedures were performed in Japan by the end of 2002. The 5 years 
survival rates were 83% in children and 69% in adults.[111] The lesser outcome in adults 
compared to that in children indicates that problems remain in adult LDLT. 

In LDLT, donor safety must be assured. This may be achieved by optimizing graft size to 
ensure safety of both donor and recipient, technical expertise in liver procurement from 
the donor as well as ethical problems of using non-related live donors. As regarding the 
optimum size of the graft, it was found that, a graft volume of >40% of the recipient 
standard liver volume is necessary,[112] while for the living donor the remnant liver mass 
must be more than 30% of the whole liver.[113] The term “standard liver volume” has 
become a key concept in LDLT and it has been estimated using the following 
formula:[114] 

Standard liver volume (SV) in ml = 706.2 x (body surface area [m2]) + 2.4. 
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In order to obtain the optimum graft size in adult-to-adult living donor transplantation, 
many graft types has been introduced. The strategy of selection of left or right liver graft is 
influenced by the patient’s preoperative condition as patient with advanced liver disease 
require a larger liver mass.[115] The model for end-stage liver disease (MELD) score could 
become a satisfactory criterion for differentiating between high and low-risk patients and 
therefore determine the type of graft to use.[116] In the initial adult LDLT procedures only a 
left liver graft was used. In 1998, the Shinshu group reported satisfactory results using a left 
liver graft in 13 patients.[107] To cover wide range of recipient body weight, the right lobe 
graft was introduced in 1998 in Kyoto university.[117] In the same year, the University of 
Colorado group also introduced the right liver graft in adult LDLT,[118] the group performed 
80 adult LDLT. In the first 10 cases, the right lobe graft was procured without the middle 
hepatic vein (MHV), 3 grafts were lost. As a result, the group included the MHV in the right 
lobe graft in the subsequent 70 cases. No graft loss was experienced.[119] The reason may be 
due to the prevention of congestion of the anterior segment of the right lobe which is 
drained by the MHV. However, the right lobe graft including the MHV was first introduced 
by the Hong Kong group in 1996.[106] In this situation, the volume of the remnant liver 
should be at least greater than 30% and the anatomy of vein 4 must be precisely evaluated 
before this procedure is accepted. However, the outcome of initial 8 donors and recipients 
were not without complications, one recipient died and the recipients as well as the donors 
experienced high morbidity.[106] The next 92 patients subsequently received extended right 
liver grafts (right lobe graft including the MHV) with the following innovations: elimination 
of venovenous bypass from the routine protocol, preservation of segment 4 venous drainage 
for donors, venoplasty of MHV and right hepatic vein (RHV) into a single orifice for better 
venous return and easy vein reconstruction in recipients and preservation of the blood 
supply to the right hepatic ducts. Over time the mortality rate of recipient decrease from 
16% in the initial 50 cases to 0% in more recent patients.[120] 

Lee, aggressively reconstructed the MHV tributaries in right liver grafts without the MHV 
trunk and named this type of graft a modified right lobe graft.[121] Ghobrial, also 
recommended reconstruction of the MHV tributary veins when the RHV in the graft was 
<1.5 cm in diameter.[90] All MHV tributaries with a size >5 mm should be preserved during 
donor hepatectomy and reconstructed with autogenous interposition vein grafts.[122] 

Right hepatectomy imposes an increased surgical risk on the donor due to the reduced 
residual liver volume. A recent report indicated that in 25% of potential donors, the right 
liver had an estimated volume of >70% of the whole.[123] Since safe donation was possible 
only when estimated residual liver volume was >30%, right hepatectomy is not possible for 
some potential donors. The University of Tokyo group was the first to design the right 
lateral sector graft consisting of segment 6 and 7 in those donors with right livers over 70% 
of liver volume and the estimated volume of the right lateral segments is greater than that of 
the left liver and at the same time >40% of the recipient’s standard liver volume.[124] 
Between January 2000 and April 2001, 6 of 32 adult-to-adult LDLT with a right lateral sector 
graft were performed. The postoperative course was uneventful in all donors and all 
recipients survived the operation.[125]  

Lee et al, were the first to devise dual grafts from 2 living donors.[126] Most commonly, 
both donors donate the left liver or left lateral segment. The first left liver graft is 
orthotopically implanted in the original left position, the second left liver graft is rotated 180 
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degrees and positioned heterotopically in the right upper quadrant fossa. Because the bile 
duct is now located behind the portal vein and hepatic artery, bile duct reconstruction is 
necessary before reconstruction of vessels. An interposition vein graft might be necessary 
for the reconstruction of the hepatic or portal vein. By the end of 2003, this technique was 
used in 93 patients with satisfactory results. However the procedure has limited appeal due 
to the high requirements of economic and medical resources including 3 operating rooms 
and 3 surgical teams working simultaneously.[127]  

4. Hepatocyte and stem cells transplantation 
Additional approaches, as therapeutic alternative in attempt to reduce the significant 
mortality in the waiting list for liver transplantation is hepatocyte transplantation. A 
number of experiments have shown the feasibility of total liver parenchymal cell 
replacement by transplanted hepatocytes.[128-132] Hepatocyte transplantation might be 
able to bridge a period needed for regeneration of the acute liver failure patient’s own liver 
or stretch the waiting time for a suitable liver donation. Although the first animal 
experiments with this technique began in 1967 [133], it was first applied in humans only in 
1992.[134] Isolated Hepatocyte transplantation has long been recognized as a potential 
treatment for life-threatening liver disease. The basis for proceeding with clinical trials has 
been provided by extensive laboratory work in animal models.[135-140] The most important 
advantage of this treatment compared to liver transplantation, is its simplicity, since no 
surgery is required for cell implantation. The cell transplantation has been used for, 
temporary metabolic support of patients in end-stage liver failure awaiting whole-organ 
transplantation, as method to support liver function and facilitate the regeneration of the 
native liver in cases of fulminant hepatic failure, and in a manner similar to gene therapy as 
a form of “cellular therapy” for patients with genetic defects in vital liver functions. The 
patients can be treated by the infusion of 107-1010 allogenic hepatocytes, obtained from adult 
cadaveric livers, into the splenic artery or portal vein.[141] The main obstacle to wider usage 
of hepatocyte transplantation is the rapid elimination of the transplanted hepatocytes by 
recipient macrophages.[142] 

Alternatives to the transplantation of allogenic human hepatocytes include the transplantation 
of hepatocytes derived from fetal, adult, or embryonic stem cells, engineered immortalized 
cells, or hepatocytes derived from other animal species.[143] Stem cells are one of the best 
approaches to obtaining cell stores. This approach can be used for clinical treatment by 
selecting small cell population that could effectively repopulate the host liver.[144] 
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1. Introduction  
Liver transplantation has evolved as the therapy of choice for patients with end-stage 
liver disease. However, the waiting list for liver transplantation is growing at a fast pace, 
whereas the number of available organs is not growing at a proportional rate. The 
potential use of steatotic livers for transplant, one of the most common types of organs 
from marginal donors, has become a major focus of investigations. However the clinical 
problem is still unresolved since steatotic livers are more susceptible to ischemia-
reperfusion (I/R) injury and, when used, have poorer outcome than non-steatotic livers. 
Indeed, the use of steatotic livers for transplantation is associated with increased risk of 
primary non-function or dysfunction after surgery. Therefore, minimizing the adverse 
effects of I/R injury could improve outcomes in steatotic liver surgery, increase the 
number both of suitable transplantation grafts and of patients who successfully recover 
from liver transplantation.  

The present review focuses on the complexity of hepatic I/R injury, summarizing conflicting 
results obtained from the literature about the mechanisms responsible for it. We also review 
the therapeutic strategies designed in past years to reduce I/R injury, attempting to explain 
why most of them have not been applied clinically. Finally, we will consider new potential 
protective strategies that have shown promising results for I/R injury with the potential to 
increase the number of liver suitable for liver transplantation.  

2. Hepatic ischemia-reperfusion injury associated with liver transplantation. 
An unresolved problem in clinical practice  
Liver transplantation (LT) dates back to 1963, when Thomas Starzl carried out the first 
transplant on a child suffering from biliary atresia. LT has evolved as the therapy of choice 
for patients with end-stage liver disease. However, I/R injury, inherent in every LT, is the 
main cause of both initial poor function and primary non-function of liver allograft. The 
latter is responsible for 81% of re-transplantations during the first week after surgery 
(Clavien et al., 1992; Jaeschke, 1996). I/R injury is a phenomenon whereby cellular damage 
in a hypoxic organ is accentuated following the restoration of oxygen delivery (Jaeschke, 
1998; Teoh et al., 2003; Jaeschke, 2003). In the liver, this form of injury was recognized as a 
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clinically important pathological disorder by Toledo-Pereyra et al. in 1975 during studies of 
experimental LT. However, it was not until the mid-1980s that the term reperfusion injury 
was generally used in the literature on LT (Teoh et al., 2003). 

A variety of clinical factors including starvation, graft age, and steatosis contribute to 
enhance liver susceptibility to I/R injury, further increasing the patient risks related to 
reperfusion injury (Shah & Kamath, 2003). In clinical LT, starvation of the donor, due to 
prolonged intensive care unit hospitalization or lack of an adequate nutritional support, 
increases the incidence of hepatocellular injury and primary nonfunction (Massip-Salcedo et 
al., 2007).  

The waiting list for LT is growing at a fast pace, whereas the number of available organs is 
not growing at a proportional rate. The shortage of organs has led centers to expand their 
criteria for the acceptance of marginal grafts, which show poor tolerance to I/R (Busuttil & 
Tanaka, 2003). Some of these include the use of organs from aged donors, non-heart-beating 
donors (NHBD), and grafts such as small-for-size or steatotic livers. However, I/R injury is 
the underpinning of graft dysfunction that is seen in the marginal organ (Busuttil & Tanaka, 
2003). The fundamental problem with NHBD organs is the prolonged warm ischemia before 
cold preservation (Reddy et al., 2004). Controlled NHBDs provide organs that are far less 
prone to ischemic damage and tend to offer superior posttransplant function (Busuttil & 
Tanaka, 2003). The use of uncontrolled NHBDs is associated with a very high risk of 
primary nonfunction (Reddy et al., 2004).  

One of the benefits of reduced-size grafts from living donors is a graft of good quality with a 
short ischemic time, this latter being possible because live donor procurements can be 
electively timed with recipient procedure (Farmer et al., 2001). On the other hand, the major 
concern over application of living-related liver transplantation for adults is graft-size 
disparity. The small graft needs regeneration to restore the liver/body ratio. It is well 
known that I/R significantly reduces liver regeneration after hepatectomy (Franco et al., 
2004).  

Donor age of more than 70 years was found to be associated with lower patient and graft 
survival (Busuttil & Tanaka, 2003, Casillas et al., 2006). Additionally these donors also have 
an increased incidence of steatosis, which may potentiate cold preservation injury (Busuttil 
& Tanaka, 2003). Steatotic livers are one of the most common types of organs from marginal 
donors. The present review will focus on this type of liver grafts. Among other factors, 
unhealthy lifestyles associated with the consumption of alcohol and inappropriate diets 
have increased the proportion of patients with steatotic livers.  

Hepatic steatosis is a major risk factor for liver surgery and transplantation, and fatty livers 
are unsuitable for many reasons. Operative mortality associated with steatosis exceeds 14%, 
compared with 2% for healthy livers, and the risks of primary non-function and dysfunction 
after surgery are similarly higher (Casillas et al., 2006; Selzner et al., 2000). Thus, hepatic 
steatosis is the major cause of graft rejection after LT and exacerbates the organ shortage 
problem (Fernández et al., 2004). Therefore, minimizing the adverse effects of I/R injury 
could increase the number of both grafts suitable for transplantation and patients who 
successfully recover from LT. The first step towards achieving this objective is a full 
understanding of the mechanisms involved in I/R injury. 



 
Liver Transplantation – Basic Issues 

 

22 

clinically important pathological disorder by Toledo-Pereyra et al. in 1975 during studies of 
experimental LT. However, it was not until the mid-1980s that the term reperfusion injury 
was generally used in the literature on LT (Teoh et al., 2003). 

A variety of clinical factors including starvation, graft age, and steatosis contribute to 
enhance liver susceptibility to I/R injury, further increasing the patient risks related to 
reperfusion injury (Shah & Kamath, 2003). In clinical LT, starvation of the donor, due to 
prolonged intensive care unit hospitalization or lack of an adequate nutritional support, 
increases the incidence of hepatocellular injury and primary nonfunction (Massip-Salcedo et 
al., 2007).  

The waiting list for LT is growing at a fast pace, whereas the number of available organs is 
not growing at a proportional rate. The shortage of organs has led centers to expand their 
criteria for the acceptance of marginal grafts, which show poor tolerance to I/R (Busuttil & 
Tanaka, 2003). Some of these include the use of organs from aged donors, non-heart-beating 
donors (NHBD), and grafts such as small-for-size or steatotic livers. However, I/R injury is 
the underpinning of graft dysfunction that is seen in the marginal organ (Busuttil & Tanaka, 
2003). The fundamental problem with NHBD organs is the prolonged warm ischemia before 
cold preservation (Reddy et al., 2004). Controlled NHBDs provide organs that are far less 
prone to ischemic damage and tend to offer superior posttransplant function (Busuttil & 
Tanaka, 2003). The use of uncontrolled NHBDs is associated with a very high risk of 
primary nonfunction (Reddy et al., 2004).  

One of the benefits of reduced-size grafts from living donors is a graft of good quality with a 
short ischemic time, this latter being possible because live donor procurements can be 
electively timed with recipient procedure (Farmer et al., 2001). On the other hand, the major 
concern over application of living-related liver transplantation for adults is graft-size 
disparity. The small graft needs regeneration to restore the liver/body ratio. It is well 
known that I/R significantly reduces liver regeneration after hepatectomy (Franco et al., 
2004).  

Donor age of more than 70 years was found to be associated with lower patient and graft 
survival (Busuttil & Tanaka, 2003, Casillas et al., 2006). Additionally these donors also have 
an increased incidence of steatosis, which may potentiate cold preservation injury (Busuttil 
& Tanaka, 2003). Steatotic livers are one of the most common types of organs from marginal 
donors. The present review will focus on this type of liver grafts. Among other factors, 
unhealthy lifestyles associated with the consumption of alcohol and inappropriate diets 
have increased the proportion of patients with steatotic livers.  

Hepatic steatosis is a major risk factor for liver surgery and transplantation, and fatty livers 
are unsuitable for many reasons. Operative mortality associated with steatosis exceeds 14%, 
compared with 2% for healthy livers, and the risks of primary non-function and dysfunction 
after surgery are similarly higher (Casillas et al., 2006; Selzner et al., 2000). Thus, hepatic 
steatosis is the major cause of graft rejection after LT and exacerbates the organ shortage 
problem (Fernández et al., 2004). Therefore, minimizing the adverse effects of I/R injury 
could increase the number of both grafts suitable for transplantation and patients who 
successfully recover from LT. The first step towards achieving this objective is a full 
understanding of the mechanisms involved in I/R injury. 

 
Ischemia-Reperfusion Injury Associated with Liver Transplantation in 2011: Past and Future 

 

23 

3. Complexity of hepatic ischemia-reperfusion injury 
A large number of factors and mediators play a part in liver I/R injury (Banga et al., 2005; 
Casillas et al., 2006; Fan et al., 1999; Jaeschke, 2003; Lentsch et al., 2000). The relationships 
between the signalling pathways involved are highly complex and it is not yet possible to 
describe, with absolute certainty, the events that occur between the beginning of reperfusion 
and the final outcome of either poor function or a non-functional liver graft.  

Figure 1 shows some of the mechanisms involved in the pathophysiology of I/R injury. Due 
to the complexity of hepatic I/R injury, the present review summarizes the established basic 
concepts of the mechanisms and cell types involved in this process. The lack of oxygen to 
hepatocytes during ischemia causes mitochondrial deenergization, ATP depletion, alterations 
of H+, Na+, Ca2+ homeostasis that activate hydrolytic enzymes and impair cell volume 
regulation and sinusoidal endothelial cells (SEC) as well as Kupffer cells (KC) swelling 
(Massip-Salcedo et al., 2007). This fact together with the imbalance between nitric oxide 
(NO) and endothelin (ET) production, contributes to narrowing of the sinusoidal lumen and 
thus to microcirculatory dysfunction. Capillary narrowing also contributes to hepatic 
neutrophil accumulation (Peralta et al., 1996; Peralta et al., 2000a). Concomitantly, the 
activation of KC releases reactive oxygen species (ROS) and proinflammatory cytokines, 
including tumour necrosis factor-α (TNF-α) and interleukin-1 (IL-1) (Bilzer & Gerber, 2000; 
Lentsch et al., 2000). ROS can also derive from xanthine deshydrogenase/xanthine oxidase 
(XDH/XOD). Cytokines release throughout the induction of adhesion molecules 
(intercellular cell adhesion molecule [ICAM] and vascular cell adhesion molecule [VCAM]) 
and chemokines promote neutrophil activation and accumulation, thereby contributing to 
the progression of parenchymal injury by releasing ROS and proteases (Jaeschke, 1998, 2003; 
Lentsch et al., 2000). Besides, IL-1 and TNF-α recruit and activate CD4+ T-lymphocytes, 
which produce granulocyte-macrophage colony-stimulating factor (GM-CSF), interferon 
gamma (INF-γ) and tumor necrosis factor beta (TNF-β). These cytokines amplify KC 
activation and TNF-α and IL-1 secretion and promote neutrophil recruitment and adherence 
into the liver sinusoids (Casillas et al., 2006; Selzner, 2003). Platelet activating factor (PAF) 
can prime neutrophils for superoxide generation, whereas leukotriene B4 (LTB4) contributes 
to the amplification of the neutrophil response (Jaeschke, 1998, 2003) (see Fig. 1). 

The present review will present data from the literature about the possible sources of ROS, 
NO effects, mechanisms, and the role of some pro-inflammatory mediators such as TNF-α, 
and transcription factors, for example, nuclear factor kappa B (NFκB). These data will 
provide a better explanation on why hepatic I/R injury remains an unresolved problem in 
the clinical practice. 

3.1 Mechanisms responsible for ROS production 

The source of ROS in hepatic I/R has long been controversial. As regards the mechanisms 
responsible for ROS production, experiments with XDH/XOD inhibitors such as allopurinol 
suggest that this system is the main ROS generator in hepatocytes and it has also been 
implicated in LT-related lung damage (Casillas et al., 2006; Fernández et al., 2002). However, 
results obtained in experimental models of the isolated perfused liver have underestimated 
the importance of the XDH/XOD system, and suggest that mitochondria could be the main 
source of ROS (Jaeschke & Mitchell, 1989). On the other hand, some data challenge the  



 
Liver Transplantation – Basic Issues 

 

24 

 
Fig. 1. Summary of the mechanisms involved in hepatic ischemia-reperfusion injury. (Bilzer 
& Gerber, 2000; Casillas et al., 2006; Jaeschke, 1998, 2003; Lentsch et al., 2000; Massip-Salcedo 
et al., 2007 ; Peralta et al., 1996, 2000a; Selzner, 2003) 

pathophysiological relevance of intracellular oxidant stress during reperfusion (Grattagliano 
et al., 1999; Metzger et al., 1988). Grattagliano et al., 1999, demonstrated that mitochondria 
do not seem to actively participate in the reperfusion-induced oxidative stress. In addition, 
studies by Jaeschke et al. and Metzger et al. showed that the increased vascular oxidant 
stress after 30 and 60 min of ischemia was attenuated by inactivation of KC but not by high 
dose of allopurinol (Metzger et al., 1988). Interestingly, ROS release by KC occurs via the 
XDH/XOD system (Wiezorek et al., 1994). The conversion from XDH to XOD following cold 
storage is very slow in endothelial cells and hepatocytes, but much faster and higher in KC 
(Wiezorek et al., 1994). However, the KC function in I/R injury is still an area of active 
investigation. The elimination of KC did not modify the deleterious effects of I/R and the 
activation of neutrophils is not essential for reoxygenation injury (Imamura et al., 1995; Teoh 
et al., 2003). Clearly, then, there is a range of potentially conflicting results with regard to the 
mechanisms responsible for ROS generation in liver I/R injury. For instance, in our opinion, 
in order to clarify the importance of XDH/XOD versus mitochondria it should be taking 
into account that there are differences in the experimental models evaluated, including the 
times of ischemia. In this line, XDH/XOD play a crucial role in hepatic I/R injury only in 
conditions in which significant conversion of XDH to XOD occurs (80-90% of XOD) such as 
16 h of cold ischemia. However, this ROS generation system does not appear to be crucial at  
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shorter ischemic periods such as 6 h of cold ischemia (Fernández et al., 2002). Thus, even 
after prolonged periods of ischemia, where a significant conversion of XDH to the XOD 
occurs, this enzyme may only play a minor role compared with mitochondria (Jaeschke & 
Mitchell, 1989). In contrast with the experimental studies, the clinical reports suggest that 
45-65% XOD was sufficient to induce hepatic damage (Pesonen et al., 1998). In addition, the 
drugs used for inhibiting XDH/XOD should be considered, since, for example allopurinol, 
seems to have more than one mechanisms of action. It is not only a potent inhibitor of XOD, 
but it may also improve ischemia-induced mitochondrial dysfunction (Casillas et al., 2006; 
Jeon et al., 2001). In fact, evidence for reduced mitochondrial dysfunction after high doses of 
allopurinol was shown in a warm hepatic I/R model (Jeon et al., 2001). Similarly, in 
assessing the relative contribution of intracellular versus vascular oxidant stress to hepatic 
I/R injury, it should also be noted that oxidative stress in hepatocytes and the stimulatory 
state of KC after I/R depend on the duration of ischemia, and may also differ between 
ischemia at 4ºC and that at 37ºC, which probably leads to different developmental 
mechanisms of liver damage (Casillas et al., 2006). The differences in KC function in liver 
I/R injury cannot be attributed to the type experiment, since most authors used an ex vivo 
model of perfused rat liver. Nor could they be explained by differences in the times of cold 
ischemia, since the results obtained following the same ischemic period (24 h) were 
completely opposed (Imamura et al., 1995). The type of drug used for KC inactivation is the 
most probable explanation, since most of the studies implicating KC as main source of ROS 
used gadolinium chloride (GdCl3) (Schauer et al., 2001; Zhong et al., 1996) whereas those 
that did not implicate KC used liposome-encapsulated dichloromethylene diphosphate 
(Imamura et al., 1995). Indeed, differences in the properties and action mechanisms of these 
two KC inhibitors have been reported.  

3.2 Mediators and transcription factors in I/R injury 

3.2.1 Nitric oxide 

It is difficult to distinguish between beneficial and harmful mediators in I/R injury. Some 
authors have found that NO exerts a beneficial effect on I/R injury in different organs, 
tissues and cells, whereas other studies report no effect or even a deleterious action of NO 
(Peralta et al., 2001a). In our opinion, in addition to the differences in animal species, 
experimental models of hepatic I/R tested, and the dose and timing of administration of the 
different pharmacological modulators of NO, these differential effects of NO could be 
explained, at least partially, by the different source of NO. In this context, some studies 
suggest that although endothelial NO synthase (eNOS)-derived NO production is protective 
in I/R, inducible NO synthase (iNOS)-derived NO production may contribute to I/R injury. 
This may be a function of the NO generation kinetics of the two isoforms in I/R. The basal, 
low-level NO generation by the constitutively expressed eNOS isoform may abrogate the 
microcirculatory stresses of engraftment and reperfusion. In contrast, iNOS-derived NO 
cannot be generated until several hours after stimulation because of requirements for 
transcriptional induction of this isoform. Excess NO production may no longer be of 
microcirculatory benefit at this later time (Shah & Kamath, 2003). Furthermore, the excessive 
levels of iNOS-derived NO production may be detrimental through the generation of NOS-
derived superoxide production or the generation of peroxynitrite. Additionally, whether 
NO is cytoprotective or cytotoxic in hepatic I/R injury may be determined at apoptosis 
(Casillas et al., 2006). For example, NO may promote apoptosis by inducing cytochrome c 
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(Cyt c) release and caspase activation (Chung et al., 2001). However, NO may also 
upregulate the anti-apoptotic protein Bcl-2 (Genaro et al., 1995). In addition, to understand 
the different results in relation with the action mechanisms of NO, it is important to clarify 
whether the NO source is endogenous or exogenous. In this regard, although the beneficial 
role of endogenous NO could be related to an attenuation of leukocyte accumulation, the 
exogenous supplementation of NO did not modify this parameter but was associated with 
an inhibition of endothelin release (Peralta et al., 2001a). 

3.2.2 TNF and NFκB 

Differential effects of NO mentioned above have also been reported for other mediators 
involved in hepatic I/R injury. According to the cell type and experimental or pathologic 
conditions, TNF-α is protective or injurious to the liver in the context of I/R injury. TNF-α 
may stimulate cell death or it may induce hepatoprotective effects mediated by antioxidant, 
antiapoptotic, and other anti-stress mediators coupled with a pro-proliferative biologic 
response (Casillas et al., 2006). For example, although the deleterious effect of the TNF-α in 
local and systemic damage associated with hepatic I/R is well established (Peralta et al., 
1999), this mediator is also a key factor in hepatic regeneration (Teoh et al., 2003), an 
important process in reduced-size LT. Conversely, a study by our group found no 
correlation between TNF-α levels and liver regeneration in reduced-size LT (Franco et al., 
2004), while Tian et al., 2006, linked disruption of TNF-α release to lower hepatic injury and 
increased liver regeneration. These divergent results about the role of TNF-α in liver 
regeneration could be explained by different TNF-α inhibitors or animal species utilized in 
these experiments as well as differences in the experimental models of LT used, including 
the times of cold ischemia. These differential effects observed for TNF-α can also be 
extrapolated to transcription factors.  

It is well known that NFκB can regulate various downstream pathways and thus has the 
potential to be both pro- and antiapoptotic (Fan et al., 1999). Currently it is not clear whether 
the beneficial effects of NFκB activation in protection against apoptosis or its detrimental 
proinflammatory role predominate in liver I/R (Fan et al., 1999). Hepatic neutrophil 
recruitment and hepatocellular injury are significantly reduced when NFκB activation is 
suppressed in mice following partial hepatic I/R (Casillas et al., 2006). However, nuclear 
factor kappa B (NFκB) activation is essential for hepatic regeneration after rat LT, and 
reduces apoptosis and hepatic I/R injury (Bradham et al., 1999). To understand the role of 
NFκB in the context of hepatic I/R, is important to consider the differences in animal species 
used, for instance, mechanisms of protection from apoptosis might be different in rats and 
mice (Chaisson et al., 2002). In addition, the experimental design used to evaluate the role of 
this transcription factor may also be important. Thus, some studies using adenoviral vector 
containing a repressor to prevent NFκB activation may not accurately reflect the role of 
NFκB signalling in regenerating liver because adenoviral vectors themselves cause increased 
TNF-α levels, DNA synthesis, and apoptosis in the liver before partial hepatectomy (Iimuro 
et al., 1998). Moreover, to explain these apparently controversial effects of NFkB, the pattern 
of NFkB activation under cold ischemia conditions should be taken into account. Takahashi 
et al., 2002, have demonstrated in rat LT that NFkB activation during reperfusion occurs in 
two phases. The early peak of NFkB DNA binding was found 1-3 h after reperfusion and 
represents the nuclear translocation of NFkB p50/p65 heterodimers, whereas the second  
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peak, mainly composed of p50 homodimers, was observed at 12 h post-reperfusion. In this 
study, the donor liver treatment with adenovirus encoding the IkB super-repressor gene 
cannot affect the early peak of NFkB activation, but partially inhibited the second peak of 
NFkB DNA binding. The results indicated that, in contrast to early NFkB activation, 
inhibition of the late phase of NFkB activation was not associated with variations in levels of 
inflammatory mediators, but rather enhanced hepatocellular apoptosis (Takahashi et al., 
2002), which reinforces the dual function of NFkB in transplanted liver. Nevertheless, this 
hypothesis does not fully explain the differences in the results. Indeed, Bradham et al., 1999, 
observed a marked increase in apoptosis when NFkB blockade was carried out at 3 h of 
reperfusion, which seems to be a reperfusion time associated with the early peak of 
activation of NFkB. Of course, there are differences between Takahashi´s and Bradham´s 
studies. For example, whereas Bradham infused the adenoviral vector by endovenous 
injection 24 h before liver explantation, in Takahashi’s study the graft was perfused with 
UW solution containing the adenovirus immediately before cold storage.  

3.2.3 Neutrophil accumulation 

Activation of neutrophils has been implicated in the hepatic microvascular dysfunction and 
parenchymal damage associated with I/R (Cutrin et al., 2002). Still, a controversial topic is 
the question of how neutrophils actually accumulate in the liver. The classical theory argues 
that the increased expression of adhesion molecules such as ICAM-1 and P-selectin plays a 
key role in neutrophil accumulation and the subsequent liver damage associated with I/R 
(Banga et al., 2005, Cutrin et al., 2002). In contrast, it has also been reported that neutrophil 
accumulation observed in the liver following I/R is not dependent on the up-regulation of 
either ICAM-1 or P-selectin (Peralta et al., 2001b).  

To explain the results that neutrophil accumulation is not dependent on adhesion molecules, 
we subscribe to the theory proposed by Jaeschke, 2003. This theory argues that although P-
selectin and ICAM-1 appear to be relevant for neutrophil adherence in postsinusoidal 
venules, the neutrophils relevant for the injury accumulate in sinusoids, which were 
identified as the dominant sites for neutrophil extravasation. In these capillaries, neutrophil 
sequestration does not depend on B2 integrins or on ICAM-1 or selectins (Essani et al., 1998; 
Vollmar et al., 1995; Jaeschke et al., 1996). Thus, mechanical factors such as active 
vasoconstriction, vascular lining cell swelling and injury, and reduced membrane flexibility 
after activation of the neutrophil, appear to be involved in trapping of these leukocytes in 
sinusoids (Jaeschke et al., 1996). The extensive vascular injury during reperfusion eliminates, 
in part, the sinusoidal endothelial cell barrier and the neutrophil has direct access to 
hepatocytes (Jaeschke, 2003; McKeown et al., 1988). Nevertheless, even with damaged but 
still present EC, transmigration may still be required (Jaeschke, 1998). As a consequence, I/R 
injury is only moderately or not at all attenuated by anti-ICAM therapies (Farhood et al., 
1995; Vollmar et al., 1995). In regard with the role of P-selectin, sinusoidal EC neither 
contain Weibel Palade bodies nor do they transcriptionally upregulate relevant levels of P-
selectin (Essani et al., 1998). However, during I/R, a number of interventions directed 
against selectins reduced hepatic neutrophil accumulation and cell injury (Amersi et al., 
2001). Because these findings cannot be explained by the prevention of P-selectin-dependent 
rolling in sinusoids, it has been suggested that most liver I/R models include some degree 
of intestinal ischemia, which leads to neutrophil accumulation in remote organs including 
the liver (Casillas et al., 2006; Kubes et al., 2002). Thus the lower number of neutrophils in 
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the liver when selectins are blocked may be a secondary effect due to the protection of 
antiselectin therapy against intestinal reperfusion injury (Kubes et al., 2002).  

3.3 Cell death in liver transplantation 

The severity of hepatocyte damage depends on the length of time the ischemia lasts. In 
human LT, a long ischemic period is a predicting factor for post-transplantation graft 
dysfunction, and some transplantation groups hesitate to transplant liver grafts preserved 
for more than 10 h (Fernández et al., 2002). Some studies in experimental models of LT 
indicate that 24 h of cold ischemia induces low survival at 24 h after LT. However, at shorter 
ischemic periods, LT may also result in primary organ dysfunction. The main victims of 
ischemic injury are the hepatocytes and SECs. These two cell types show different responses 
to different types of ischemia: hepatocytes are more sensitive to warm ischemia and SECs to 
cold ischemia (Bilzer & Gerber, 2000; McKeown et al., 1988). Although most hepatocytes 
remain viable after 48 h of cold preservation and reperfusion, SECs suffer severe damage 
following reperfusion (40% non-viable) (Caldwell et al., 1989). The result of this sinusoidal 
damage is the subsequent microcirculatory abnormalities upon reperfusion, resulting in 
hepatocyte injury and dysfunction (McKeown et al., 1988). This contributes to the 
development of primary nonfunction or impaired primary function after LT. However, 
some studies have called the importance of sinusoidal injury into question. Huet et al., 2004, 
have demonstrated that damage to the extracellular matrix from prolonged preservation 
and reperfusion appears to be the critical factor in graft failure (Banga et al., 2005). In 
addition, it is possible that perturbations in hepatocyte levels of adenine nucleotides during 
cold storage can trigger proteolytic events that contribute to damage in the liver graft and 
subsequently compromise hepatic functions after LT (Kukan & Haddad, 2001). Moreover, 
cold ischemia profoundly disturb several key hepatocellular functions, such as volume and 
pH homeostasis, as well as solute transport and drug metabolism, protein synthesis and 
mitochondrial function. This contributes to preservation injury of the liver graft. Therefore, 
these observations indicate that aside from reducing EC damage, LT therapy may benefit 
from strategies aimed at improving the maintenance of appropriate hepatocyte functions 
(Kukan & Haddad, 2001; Vajdova et al., 2002).  

Apoptosis has been regarded as the fate of cells experiencing I/R injury (Sasaki et al., 1996). 
In this line, different studies have demonstrated apoptotic death in hepatocytes and/or 
SECs after both cold and warm ischemia of the rat liver (Gao et al., 1998; Kohli et al., 1999). 
All of the aforementioned studies (Gao et al., 1998; Kohli et al., 1999; Sasaki et al., 1996) used 
TdT-mediated dUTP-biotin nick and labelling (TUNEL staining) for DNA ladders to 
demonstrate apoptosis. However, the ability of TUNEL staining to distinguish between 
apoptosis and necrosis has been called into question. The activation of caspases has also 
been used to demonstrate apoptosis in rat SECs following cold I/R (Natori et al., 1999). 
Indeed, use of pan-caspase inhibitors protected rat liver SECs and hepatocytes against I/R 
injury after prolonged periods of both cold and warm ischemia. On the other hand, other 
groups oppose the view that the majority of cells undergo apoptosis in response to either 
warm or cold I/R injury, believing that necrosis is the principle form of cell death (Massip-
Salcedo et al., 2007). They believe that in a number of studies the proportion of cells 
undergoing apoptosis is not of significant magnitude and that the degree of caspase 
activation does not correlate with the number of SECs and hepatocytes supposedly 
undergoing apoptosis. Thus, a controversy has emerged over the past years as to whether 
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to different types of ischemia: hepatocytes are more sensitive to warm ischemia and SECs to 
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necrotic or apoptotic cell death accounts for the severe parenchymal injury observed during 
hepatic reperfusion. Although it has long been assumed that necrosis and apoptosis are 
different processes this may not actually be the case. First we will briefly review some basic 
background information on death cell signalling pathways in hepatocytes in order to 
understand the shared pathway that leads to both necrosis and apoptosis.  

Apoptosis occurs through two main pathways. The first, referred to as the intrinsic 
(mitochondrial) pathway, is typically activated by a variety of stressors such as DNA 
damage, p53 activation, growth factor deprivation, and metabolic disturbances (Malhi et al., 
2006). The second is the extrinsic pathway that is triggered through death receptors (Malhi 
et al., 2006). It is well known that one of the most important regulators of intrinsic pathway 
is the Bcl-2 family of proteins. The Bcl-2 family includes proapoptotic members such as Bax, 
Bak, Bad, Bid and antiapoptotic members such Bcl-2, Bcl-Xl and Bcl-W (Ghobrial et al., 
2005). Following death signal, proapoptotic proteins undergo posttranslational 
modifications resulting in their activation and translocation to the mitochondria. Then, the 
outer mitochondrial membrane becomes permeable, leading to the release of Cyt c, which 
promotes caspase 9 activation, which then activates caspase 3 and the final stages of 
apoptosis (Ghobrial et al., 2005). In the extrinsic pathway, a variety of mediators, including 
tumor TNF-α, Fas ligand, and tumour necrosis factor-related apoptosis-inducing ligand 
(TRAIL) first bind to their respective death receptors, which cause receptor oligomerization 
and the association of various adapter proteins, including Fas-associated death domain, 
TNF-α receptor-associated death domain, and TNF-α receptor-associated factor. Fas-
associated death domain and TNF-α receptor-associated death domain promote binding of 
procaspase 8 and its proteolytic activation to catalytic caspase 8. If sufficient amounts of 
caspase 8 are generated at the receptor, caspase 8 can directly activate procaspase 3. In 
hepatocytes the caspase 8 interacts with the intrinsic pathway and cleaves Bid, a BH3 only 
proapoptotic Bcl2 family member, to a truncated form, tBid. tBid translocates to 
mitochondria, causing mitochondrial permeabilization and release of mitochondrial 
effectors of apoptosis, such Cyt c (Yin, 2000) (see Fig. 2).  

The mechanisms that induce the release of mitochondrial intermembrane proteins such as 
Cyt c remain controversial (Jaeschke & Lemasters, 2003). In hepatocytes TNF-α and Fas 
dependent signalling induce the onset of the mitochondrial permeability transition (MPT), 
which leads to large-amplitude mitochondrial swelling, rupture of the outer membrane, and 
release of Cyt c and other proteins from the intermembrane mitochondrial space (Jaeschke & 
Lemasters, 2003). In some models, tBid interaction with either Bax or Bak, forms channels in 
the mitochondrial outer membrane that release Cyt c and other proteins from the 
intermembrane space. If MPT onset occurs in relatively few mitochondria, the organelles 
become sequestered into autophagosomes for lysosomal digestion, a process that eliminates 
the damaged and potentially toxic mitochondria (Casillas et al., 2006; Jaeschke & Lemasters, 
2003). When the MPT involves more mitochondria, mitochondrial swelling leads to outer 
membrane rupture and Cyt c realease. Provided that ATP is available from glycolysis and 
still-intact mitochondria, Cyt c activate downstream caspases and other executioner 
enzymes of apoptosis. When MPT onset is abrupt and involves most mitochondria, ATP 
becomes profoundly depleted, which blocks caspase activation. Instead, ATP depletion 
culminates with plasma membrane rupture and the onset of necrotic cell death (Jaeschke & 
Lemasters, 2003). Hence, the new term “necrapoptosis” has been coined to describe a 
process that begins with a common death signal and which culminates in either cell lysis 



 
Liver Transplantation – Basic Issues 

 

30 

(necrotic cell death) or programmed cellular resorption (apoptosis), depending on factors 
such as the decline of cellular ATP levels (see Fig. 2). 

 
Fig. 2. Scheme of possible cell death pathway in hepatic I/R. (Alfany et al., 2009; Ben 
Mosbah et al., 2010; Casillas et al., 2006; Fernández et al., 2004; Ghobrial et al., 2005; Jaeschke 
&Lemasters, 2003; Malhi et al., 2006; Massip-Salcedo et al., 2007; Selzner et al., 2000; Yin, 
2000) 

4. Steatosis in hepatic ischemia-reperfusion 
Several hypotheses have been suggested to explain the decreased tolerance of steatotic liver 
to I/R injury compared with non-steatotic livers. The impairment of the microcirculation is 
considered a major event of reperfusion injury in steatotic livers (Ijaz et al., 2003). A 
reduction in hepatic microcirculation has been observed in human fatty donor livers and in 
experimental models of hepatic steatosis (Ijaz et al., 2003; Seifalian et al., 1999). An 
imbalance between vasoconstrictors (e.g., ET1) and vasodilators (e.g., NO) negatively affect 
the hepatic microcirculation (Massip-Salcedo et al., 2007; Peralta et al., 2000a). In addition, 
fatty accumulation in the cytoplasm of hepatocytes is associated with an increase in cell 
volume that reduces the size of the hepatic sinusoid space by 50% compared with a normal 
liver and may result in partial or complete obstruction of the hepatic sinusoid space (Ijaz et 
al., 2003; Seifalian et al., 1999). Using Doppler flowmetry, Seifalian et al., 1999 demonstrated 
reduced sinusoidal perfusion in fatty human liver donors compared with healthy livers. 
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Analogous studies in rabbits with diet-induced steatosis confirmed that this reduction in 
perfusion correlated with the severity of fat accumulation in hepatocytes. The reductions in 
sinusoidal perfusion appear to arise initially from the effects of enlarged hepatic 
parenchymal cells, swollen with accumulated lipid, which widen the parenchymal cell 
plates and narrow and distort the lumens of sinusoids. Other investigators have shown that 
as a result of the structural alterations around them, the sinusoids become inefficient 
conduits of blood with resulting impairment of tissue perfusion, evidenced by the 
significant reductions in the numbers of perfused sinusoids per microscopic field (Teoh et 
al., 2010). 

Hepatocyte damage appears remarkably higher in steatotic livers than in non-steatotic livers 
(Casillas et al., 2006; Selzner et al., 2000). Several evidences indicate that an increased 
sensitivity of fatty hepatocytes to the injurious effects of ROS could explain the poor 
tolerance of steatotic livers to I/R (Koneru et al., 2005; Soltys et al., 2001). It has been 
postulated that steatotic livers are more susceptible than nonsteatotic livers to lipid 
peroxidation because of either their lower antioxidant defenses or their greater production 
of ROS or both (Fernández et al., 2004). Mitochondrial ROS generation dramatically 
increases during reperfusion and mitochondrial structures are exposed to the attack of the 
ROS generated both outside and inside these organelles leading eventually to the 
dysfunction of important mitochondrial processes including those responsible for the ATP 
synthesis. In ROS generation systems, the inhibition of XOD with allopurinol effectively 
protected against the greater liver and lung damage in transplantation of steatotic livers 
(Fernández et al., 2004). Higher levels of IL-1β and lower IL-10 levels were observed in 
steatotic livers compared with non-steatotic livers after I/R. This imbalance between pro- 
and anti-inflammatory ILs was responsible for the vulnerability of steatotic livers to I/R 
(Serafin et al., 2004). Previous studies form our group indicated less glutathione (GSH) and 
SOD levels in steatotic livers than in non-steatotic livers as consequence of hepatic I/R 
(Fernández et al., 2004; Serafin et al., 2002).  

It is well-known that steatotic livers synthesise less ATP than non-steatotic livers during 
post-ischemic reperfusion (Caraceni et al., 2005). Fatty degeneration induces a series of 
ultra-structural and biochemical alterations in both human and animal mitochondria. The 
lower ATP and adenine nucleotide content observed in steatotic livers preserved in UW 
solution could be caused by mitochondrial damage (Ben Mosbah et al., 2006; Caraceni et al., 
2005; Massip-Salcedo et al., 2007). Caraceni et al., 2004 reported that alterations in oxidative 
phosphorylation during preservation is greatly enhanced by fatty infiltration resulting from 
damage to respiratory chain complex I and F0F1–ATP synthase. Others studies have 
discovered that in steatotic livers under conditions of either warm ischemia or 
transplantation, the content of mitochondrial uncoupling protein-2 (UCP-2) is four to five 
times higher than in non-steatotic livers (Chavin et al., 2004; Wan et al., 2008). This finding 
was associated with reduced ability to synthesize ATP upon reperfusion (Chavin et al., 
2004). If cold storage time exceeds 10-12 h, complications in biliary structures occur in more 
than 25% of liver transplant recipients (Kukan & Haddad, 2001). Several factors, including 
poor recovery after ATP depletion appear to contribute to bile duct cell damage after liver 
transplantation. Furthermore, isolated rat bile duct epithelial cells are noticeably sensitive to 
oxidative stress, possibly because their cellular stores of reduced glutathione are seven times 
lower than those of hepatocytes (Noack et al., 1993). Taking these observations into account, 
bile production failure in steatotic livers could be explained, at least partially, by the lower 
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ATP and increased oxidative stress presented by this type of liver compared with non-
steatotic liver.  

Toll-like receptor 4 (TLR4) has been implicated as a mediator of steatotic liver damage after 
I/R (Ellett et al., 2009). The loss of TLR4 in steatotic livers from TLR4-knockout HFD 
animals reduces pro-inflammatory cytokines and liver injury and improves survival (Ellett 
et al., 2009). Although TLR4 signaling is relevant in hepatic I/R injury, there is some 
controversy over which of the pathways [(myeloid differentiation factor 88 (My-D88)-
dependent) or Toll/IL-1 receptor domain-containing adaptor inducing interferon-β 
(TRIF/IRF-3 signalling pathway)] is activated in hepatic I/R (Kang et al., 2011). Neutrophils 
have been involved in the increased vulnerability of steatotic livers to I/R injury, especially 
in alcoholic steatotic livers. However, neutrophils do not account for the differentially 
greater injury in the non-alcoholic steatotic liver during the early or late hours of 
reperfusion. Similarly, the role of TNF-α in the vulnerability of steatotic livers to I/R injury 
may be dependent on the type of steatosis (Serafin et al., 2002). These observations could be 
of clinical interest because pharmacological strategies that could be effective in alcoholic 
fatty livers by reducing the neutrophil infiltration and or TNF-α action may not be sufficient 
to reduce the hepatic I/R injury in non-alcoholic fatty livers. 

Cell death can occur by either necrosis or apoptosis and intracellular ATP level appear to 
play a role as a putative apoptosis/necrosis switch: when ATP depletion is severe, necrosis 
ensues before the activation of the energy-requiring apoptotic pathway (Casillas et al., 2006; 
Massip-Salcedo et al., 2007) (See Fig. 2). In steatotic liver graft undergoing 6 h of cold 
ischemia, necrosis was the predominant cell death whereas no apoptosis signs were found 
(Alfany et al., 2009; Fernández et al., 2004). Since apoptosis is an energy-requiring process, 
the impaired maintenance of ATP levels observed after reperfusion in steatotic livers 
submitted to long periods of cold ischemia may be linked with a failure to induce apoptosis. 
Thus, it is not surprising that data reported previously indicate that necrosis rather than 
apoptosis is the predominant process by which steatotic livers undergo cell death (Alfany et 
al., 2009; Fernández et al., 2004; Selzner et al., 2000).  

Previous studies from our group have indicated that steatotic livers differed from non-
steatotic livers in their response to UPR and ER stress. Steatotic livers showed a reduced 
ability to respond to ER stress as the activation of two UPR arms, IRE1 and PERK, was 
weaker in the presence of steatosis. (Ben Mosbah et al., 2010). Different hypotheses, 
including decreased ATP production and dysfunction of regulators of apoptosis, such as 
Bcl-2, Bcl-xL and Bax have been proposed to explain the failure of apoptosis in steatotic 
livers. The results on ER stress in steatotic livers undergoing I/R may throw some light on 
this question. Reduced proapoptotic factors related to ER stress such as caspase 12, C/EDP-
homologos protein (CHOP) and Jun N-terminal kinase (JNK) were observed in steatotic 
livers under conditions of I/R compared with non-steatotic livers. This may be related to the 
reduced activation of the two UPR arms, inositol-requiring enzyme-1 (IRE1) and PERK, 
which are responsible for caspase 9 and 12 activation, JNK activation and CHOP induction 
(Ben Mosbah et al., 2010) (see Fig. 2). We believe that the damaged ER and mitochondria are 
intimately linked and that mitochondrial cell death and ER-induced cell death cannot be 
separated in hepatic I/R. Thus, caspase activation and Cyt c release from mitochondria 
consequently to hepatic I/R (Ben Mosbah et al., 2010) can be attributed to ischemic 
disturbance or damage to the ER. Given these results in steatotic livers under warm 
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ATP and increased oxidative stress presented by this type of liver compared with non-
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ischemia conditions, it is therefore tempting to speculate that increased ER stress may be 
involved in the vulnerability of steatotic liver grafts to I/R injury associated with 
transplantation and in the sensitivity of other marginal grafts to I/R injury, such as liver 
grafts from aging donors. Indeed, aging donors have an increased incidence of steatosis, 
which may favor cold preservation injury (Busuttil & Tanaka, 2003; Massip-Salcedo et al., 
2007). Alterations in the activation of inflammatory transcription factors and expression of 
cytoprotective proteins, increased intracellular oxidants and decreased mitochondrial 
function and protein misfolding accumulation, and aggregation also characterize many age-
related diseases (Massip-Salcedo et al., 2007; Pallet et al., 2009). 

5. Strategies designed in past years to prevent hepatic I/R injury 
Despite improvements in pharmacological treatments, preservation solutions and gene 
therapy aimed at reducing hepatic I/R injury, the results to date have not been conclusive. 
Figure 3 shows some of the therapeutic strategies developed to prevent I/R injury in LT. 
Possible reasons for the failure of these strategies in clinical applications are now 
discussed.  

5.1 Pharmacological treatment 

Numerous experimental studies have focused on inhibiting the harmful effects of I/R-
associated inflammatory response. In this respect, drugs such as chloroquine and 
chlorpromazine have been administered in order to prevent mitochondrial dysfunction and 
loss of liver cell phospholipids during hepatic ischemia. Antioxidant therapy using either 
tocopherol, GSH ester, or allopurinol has been applied in an attempt to inhibit ROS effects in 
reperfusion, and anti-TNF antiserum pre-treatment has also been employed to block the 
damaging effects of this cytokine. Therapies with dopamine or ATP-MgCl2 have been 
administered to reduce hepatic I/R injury-related microcirculatory disorders. Drugs such as 
adenosine, NO donors, L-arginine, and anti-ICAM-1 and anti-P-selectin antibodies have 
been used to inhibit neutrophil accumulation. However, none of these treatments has 
managed to prevent hepatic I/R injury. The possible side effects of the some drugs may 
frequently limit their use in human LT (Casillas et al., 2006). For example, idiosyncratic liver 
injury in humans is documented for chlorpromazine, pernicious systemic effects have been 
described for nitric oxide (NO) donors, allopurinol therapy can cause haematological 
changes and gadolinium can induce coagulation disorders (Casillas et al., 2006).  

Hepatic failures have been observed after administration of these two thiazolidinediones 
(TZDs) and some case reports of acute hepatotoxicity attributed to rosiglitazone have been 
published, including one death (Reynaert et al., 2005). The toxicity of TZDs is thought to be 
mainly metabolic idiosyncratic, although in some cases possible immunological mechanism 
has been implicated (Reynaert et al., 2005). High dose resveratrol was found to be a pro-
oxidant with aggravation of liver injury; and experiments are in progress to devise a 
pharmaceutical form appropriate for clinical use (Hassan et al., 2008). The development of 
therapeutic strategies that utilize the protective effect of Heme oxigenase-1 (HO-1) induction 
is hampered by the fact that most pharmacological inducers of this enzyme perturb organ 
function by themselves and that gene therapy for up-regulation of HO-1 has potential 
negative side effects, which currently preclude its clinical application under these conditions 
(Schmidt, 2010) (see Fig. 3). 
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Fig. 3. Strategies used to prevent hepatic I/R injury. (Sp, species). (Carini et al., 2004; 
Carrasco et al., 2005; Casillas et al., 2006; Chavin et al., 2004; Cheng et al., 2003; Esfandiari et 
al., 2007; Fan et al., 1999; Hassan et al., 2008; Massip-Salcedo et al., 2006; Nakano et al., 2007; 
Natori et al., 1999; Peralta et al., 2001a, 2001b; Polyak et al., 2000; Reynaert et al., 2005; 
Schmidt, 2010; Selzner et al., 2000, 2003; Teoh et al., 2003; Vajdova et al., 2002; Yoshinari et 
al., 2001) 

The difficulty of blocking the inflammation related to this process must be taken into 
account because, among other factors, many mediators and cell types are involved in this 
kind of inflammatory response. Pharmacological treatment-derived difficulties must also be 
considered. In this regard, superoxide dismutase (SOD) and glutathione show inadequate 
delivery to intracellular sites of ROS action (Polyak et al., 2000). The administration of anti-
TNF antibodies does not effectively protect against hepatic I/R injury, and this finding has 
been related to the failure of complete TNF-α neutralization locally (Peralta et al., 2001b). 
Additionally, special attention should be given to drugs that suppress TNF-α, because its 
potential dual effects (Teoh et al., 2003). Small changes in the dose of NO donors produce 
totally opposite effects (Peralta et al., 2001a). Although this also occurs in non-steatotic 
livers, modulating I/R injury in steatotic livers poses a greater problem. Until now, data 
about the effectiveness of the administration of antioxidants on the deleterious effects of 
ROS in steatotic livers was controversial. Some studies in obese Zucker rats, a well-
characterized model of nutritionally induced obesity, indicated that the administration of 
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tocopherol, which possesses antioxidant properties, improved tolerance to warm ischemia. 
However, other experimental studies in steatotic livers, induced by a choline–methionine-
deficient diet, show that the administration of GSH precursors, such as N-acetylcysteine, 
could help to restore hepatocellular integrity in the steatotic liver but without scavenging 
free radical. In addition, both dietary high fat and alcohol exposure produced SOD/catalase-
insensitive ROS that may be involved in the mechanism of failure of steatotic livers after 
orthotopic LT (Casillas et al., 2006; Massip-Salcedo et al., 2007; Serafin et al., 2002; Soltys et 
al., 2001).  

Differences in the action mechanisms between steatotic and non-steatotic livers mean that 
therapies which are effective in non-steatotic livers may prove useless in the presence of 
steatosis, and the effective drug dose may differ between the two liver types. Findings 
such as these must be taken into consideration when applying pharmacological strategies 
in the same way to steatotic and non-steatotic livers, because the effects may be very 
different. Apoptosis was the predominant form of hepatocyte death in the ischemic non-
steatotic liver, whereas the steatotic livers developed massive necrosis after an ischemic 
insult. Thus, caspase inhibition, a highly protective strategy in non-steatotic livers, had no 
effect on hepatocyte injury in steatotic livers (Selzner et al., 2000). For instance, whereas in 
an LT experimental model a NO donor reduced oxidative stress in non-steatotic livers, the 
same dose increased vulnerability of steatotic grafts to I/R injury (Carrasco et al., 2005). 
The injurious effects of exogenous NO donors on hepatic injury and oxidative stress in 
steatotic grafts could be explained by peroxinitrite generation caused by ROS 
overproduction (Carrasco et al., 2005). HO-1 activators such as cobalt (III) protoporphyrin 
IX, might protect both liver types against warm I/R injury. However, a lower dose of HO-
1 activator was required to protect steatotic livers effectively, as steatotic livers 
undergoing I/R showed higher HO-1 levels than nonsteatotic livers (Massip-Salcedo et 
al., 2006). Furthermore, there may be drugs that would only be effective in steatotic livers. 
In the context of LT, steatotic donors have been reported to show a higher content of 
mitochondrial uncoupling protein-2 (UCP-2) and a reduced ability to synthesize ATP 
upon reperfusion, thus leading to increased mortality following I/R (Cheng et al., 2003). 
Studies by Chavin et al have discovered that in ob/ob mice (approximately 70%-80% of 
liver lipid content) expression of UCP-2 is four to five times higher than in normal liver 
tissues (Chavin et al., 1999; Wan et al., 2008). Hence, compounds such as cerulenin that 
reduce UCP-2 expression in steatotic livers, offer protection as a result of increased 
availability of ATP prior to I /R (Chavin et al., 2004). However, this strategy may be 
ineffective in non-steatotic livers because the latter do not show an overexpression of 
UCP-2 (Chavin et al., 1999). Similar results have been obtained with carnitine 
administration (Tolba et al., 2003; Yonezawa et al., 2005).  

All the aforementioned results point up the fact that the different mechanisms of cell death 
in steatotic vs. non-steatotic livers as well the differences in the mechanisms involved in 
hepatic I/R injury in terms of the type of steatosis could explain the difficulties in effectively 
preventing steatotic livers from I/R injury. Further investigations are required to optimize 
some treatments because long-term therapy appears to be necessary to exert the desired 
effects. For example, the pre-treatment times for rosiglitazone was between 6 to 12 weeks 
(Nakano et al., 2007); and, S-adenosylmethionine (SAM) between 14 and 17 weeks 
(Esfandiari et al., 2007). Similarly, long-term IL-6 treatment (10 days) reduced hepatic 
steatosis and markedly prevents I/R-induced liver injury in ob/ob mice and mice fed high-
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fat diets (Hong et al., 2004). However, there are obvious difficulties concerning the 
feasibility of long-term drug administration in some I/R processes, in particular, liver 
transplantation from cadaveric donors, because this is an emergency procedure in which 
there is very little time to pre-treat the donor with drugs.  

5.2 Preservation solutions 

Since its introduction by Belzer et al. in the late eighties, the University of Wisconsin (UW) 
solution has become the standard solution for the preservation of most organs in 
transplantation. The inclusion of some components in the UW solution has been both 
advocated and criticised. For instance, adenosine has been added to UW solution as a 
substrate for the regeneration of adenine nucleotides. However, simplified variants of UW 
solution in which adenosine was omitted were shown to have similar or even higher 
protective potential during cold liver storage. The colloid hydroxyethyl starch (HES) 
included in UW preservation solution prevents interstitial edema but produces extended 
and accelerated aggregation of erythrocytes that may result in stasis of blood and 
incomplete washout of donor organs before transplantation. Another limitation of the UW 
solution is that some of its constituent compounds (allopurinol, lactobionate) do not offer 
very good protection because they are not present at a suitable concentration and encounter 
problems in reaching their site of action. Indeed, studies in humans have suggested that the 
allopurinol in the UW preservation solution was unable to prevent the subsequent 
XDH/XOD-derived superoxide radical production during reperfusion (Casillas et al., 2006; 
Pesonen et al., 1998). 

A variety of ingredients such as stable protacyclin (PGI2) analogue OP-4183, p38 mitogen-
activated protein kinase (MAPK) inhibitor FR167653, NO donor sodium nitroprusside, 
platelet-activating factor (PAF) antagonist E5880, calmodulin inhibitors, Ca2+ channel 
blockers such as nisoldipine, trophic factors, caspase or calpain inhibitors, S-
adenosylmethionine (SAM), insuline, or fructose-1,6-biphosphate (FBP) were introduced 
into UW preservation solution, with promising results (Casillas et al., 2006). However, none 
of these modifications to UW solution composition have found their way into routine 
clinical practice. For instance, studies aimed at enrichment of UW solution with caspase 
inhibitors showed that this prevents sinusoidal endothelial cells apoptosis (Vajdova et al., 
2002), but it has also been demonstrated that such inhibitors have little effect on necrosis, 
and this could mean no protection in the steatotic liver where the predominant form of cell 
death is necrosis (Selzner, 2003). Along this line, addition of precursors for ATP resynthesis 
such as SAM only resulted in a poor initial ATP recovery during liver reperfusion (Vajdova 
et al., 2002) (see Fig. 3). Insulin and FBP were recommended and added to UW preservation 
solution with the aim of stimulating glycolysis and modulating KC activity, respectively. 
However, further studies showed that these modifications in UW solution may exacerbate 
graft ischemic injury and decrease the graft survival rate in rat LT.  

The failure of UW solution enrichments could be related either to factors intrinsic to the 
drugs themselves (i.e. toxic side-effects, lack of specificity, etc.) or disagreement in their 
mechanisms of modulation. For instance, LY294002 was added to UW in order to maintain 
calcium homeostasis through the inhibition of phosphatidylinositol-3-OH kinase (PI3K) 
activity (see Fig. 3). Despite LY294002 reduces apoptosis in the grafts, the beneficial effects 
of the survival pathway activated by PI3K were also suppressed (Carini et al., 2004). 
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Additives to UW solution might further improve survival rate and graft viability if their 
concentration could be increased, but this is not always possible. For example, the solubility 
of FR167653 in UW solution was found to be limited. In addition, these additives are rinsed 
from the liver graft before implantation, so they should have prolonged action (Yoshinari et 
al., 2001). For instance, addition of precursors for ATP re-synthesis, such as S-
adenosylmethionine, only resulted in a poor ATP recovery during reperfusion, since they 
can be rescued only partially after liver flush before implantation (Vajdova et al., 2002). 
Another limitation is that suitable concentrations of additives, such as caspase inhibitor 
IDN-1965, can be achieved only with prolonged storage of the organ in the presence of the 
inhibitor (Natori et al., 1999). However, this exacerbates the cold ischemic injury.  

Numerous studies have reported equivalent patient and graft survival for deceased donor 
liver allografts preserved with UW and HTK solutions (Steawart et al., 2009). The reduced 
viscosity of HTK as compared to UW has been hypothesized to be protective against the 
development of biliary complications. However, the impact of HTK versus UW preservation 
on biliary complications remains unclear, as some centers report equivalent, increased or 
reduced rates of biliary complication with HTK preservation of deceased donor liver 
allografts (Feng et al., 2007; Steawart et al., 2009).  

Clinical studies indicated that HTK preservation was associated with higher odds or early 
graft loss as compared to UW preservation with a more pronounced effect on allograft with 
cold ischemia time over 8 h, donor after cardiac death allografts and donors over 70 years 
(Steawart et al., 2009). As previously reported, HTK is not so efficient for longer periods of 
cold ischemia causing a higher incidence of delayed graft function (Olschewski et al., 2008; 
Straatsburg et al., 2002)  

5.3 Gene therapy 

Advances in molecular biology provide new opportunities to reduce liver I/R injury by 
using gene therapy. To suppress the ROS burst, SOD and catalase have been transfected by 
either adenovirus, liposomes or polyethyleneglycol (Fan et al., 1999; Selzner, 2003). To 
inhibit apoptosis, overexpression of Bag-1 and Bcl-2, mainly by using adenovirus, has been 
tested (Selzner, 2003) (see Fig. 3). To limit neutrophil recruitment and activation, reduction 
in ICAM-1 expression was obtained by using liposomes. Cytoprotective strategies based on 
expression of genes such as HO-1, anti-inflammatory cytokine IL-13 and interleukin-1 
receptor antagonist (IL-1Ra) have been developed employing adenoviral or liposome 
vector (Casillas et al., 2006). Attempts have also been made to modulate the NFκB effect 
through adenoviral transfection of a mutant inhibitor of kappaB-alpha (IκBalpha), which 
would inhibit NFκB and ameliorate the hepatic inflammatory response to I/R (Fan et al., 
1999; Casillas et al., 2006) (see Fig. 3). However, there are a number of problems inherent in 
gene therapy, for example, vector toxicity, difficulties in increasing transfection efficiencies 
and protein expression at the appropriate time and site, and the problem of obtaining 
adequate mutants (in the case of NFκB) due to controversy about NFκB activation 
(Chaisson et al., 2002; Somia & Verma, 2000). Although non-viral vectors (such as naked 
DNA and liposomes) are likely to present fewer toxic or immunological problems, they 
suffer from inefficient gene transfer (Somia & Verma, 2000). In addition, LT is an 
emergency procedure in most cases, which leaves very little time to pre-treat the donor 
with genetic approaches.  
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6. Directions for the future 
New potential strategies that could be promissory in LT are now discussed. The present 
review will now centre on emerging protective strategies such as enrichments of UW 
solution and pharmacological treatments with favourable results in I/R injury but that up to 
now have not been tested in clinical LT. Moreover, we will discuss ischemic preconditioning 
taking into account the novel clinical reports that suggest the effectiveness of this surgical 
procedure in LT. 

6.1 Pharmacological treatments and preservation solutions 

6.1.1 Trimetazidine and AICAR 

Trimetazidine (TMZ), which has been used as an anti-ischemic drug in the heart for over 35 
years (Ikizler et al., 2003) reduced liver injury and improved liver regeneration and survival 
rate in partial hepatectomy under vascular occlusion (Casillas et al., 2006). TMZ has been 
used as an additive in UW solution to protect steatotic livers exposed to prolonged cold 
ischemia in an ex vivo model of hepatic ischemia (Ben Mosbah et al., 2006). This could be of 
interest since irreversible injury has been reported in liver grafts preserved in UW after 
prolonged cold ischemic periods (between 16 h to 24 h) (Ben Mosbah et al., 2006). Studies 
examining the underlying protective mechanisms of TMZ suggest that mitochondria, 
energy metabolism, oxidative stress and microcirculation might be important targets 
through which TMZ exerts its cytoprotective effect (Ben Mosbah et al., 2006; Ikizler et al., 
2003). Interestingly, these mechanisms are responsible for the vulnerability of steatotic livers 
to I/R. Similarly to the benefits of TMZ, the addition of AMPK activators to UW solutions 
such as 5-amino-4-imidazole carboxamide riboside (AICAR), protected steatotic livers 
against their vulnerability to I/R. TMZ, by means of AMPK, increased NO, thus protecting 
steatotic livers against their vulnerability to I/R injury (Ben Mosbah et al., 2006, 2007; 
Carrasco et al., 2005). Taking these observations into account, TMZ and AICAR may 
constitute new additives to UW solution in steatotic liver preservation, whereas a 
combination of both seems unnecessary. 

6.1.2 Modulators of renin-angiotensin system 

Previous researches have observed an important role for the renin-angiotensin system 
(RAS), known for its regulation of blood pressure and fluid homeostasis, in both I/R injury 
and liver regeneration after partial hepatectomy (Ramalho et al., 2002; 2009). Furthermore, 
angiotensin-converting enzyme (ACE) inhibitors (captopril and enalapril) and angiotensin II 
(Ang-II) type 1 receptor blockers (losartan and candesartan) reduced inflammatory response 
associated with I/R injury (Araya et al., 2002). In addition, ACE inhibitors (lisinopril, 
captopril and enalaprilat) promoted liver regeneration after partial hepatectomy (Ramalho 
et al., 2002). Candesartan, a potent and long-lasting Ang-II type 1 receptor antagonist, up-
regulated the hepatocyte growth factor (HGF), the most potent mitogen for mature 
hepatocytes (Araya et al., 2002). Steatotic livers against I/R. In conditions of partial 
hepatectomy under I/R, Angiotensin receptors (AT1R and AT2R) antagonists for steatotic 
livers improved regeneration in the remnant liver. AT1R antagonist, through NO inhibition, 
protected steatotic livers against oxidative stress and damage. The combination of AT1R and 
AT2R antagonists in steatotic livers showed stronger liver regeneration than either 
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antagonist used separately and also provided the same protection against damage as that 
afforded by AT1R antagonist alone. These results could be of clinical interest in liver surgery 
(Ramalho et al., 2009). BK seems to be a key mediator in the benefits of all the blockers of 
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Ang-(1–7) receptor antagonist reduced necrotic cell death and increased survival in 
recipients transplanted with steatotic liver grafts. These results indicate a novel target for 
therapeutic interventions in liver transplantation within the RAS cascade, based on Ang- (1–7), 
which could be specific for this type of liver (Alfany et al., 2009). Further studies will be 
required to elucidate whether these strategies based on regulating RAS can be useful in 
hepatic I/R injury. ACE inhibitors are widely used in clinical practice. However, 
hepatotoxicity and cholestatic liver diseases have been reported under ACE inhibition 
(Casillas et al., 2008). Previous studies have indicated that losartan is as effective as captopril 
in its cardiovascular effects but has fewer adverse effects (Zhu et al., 2000). Thus, AT1R 
antagonists may be a safer protective pharmacologic strategy than ACE inhibitors for 
hepatic I/R injury. 

6.1.3 Modulators of activating pro-survival kinase cascades, PI3K-Akt and Erk 1/2 
pathway 

Trophic factors such as insulin-like growth factor (IGF), EGF, cardiotrophin-1 and fibroblast 
growth factor (FGF) have been shown to protect against I/R injury through the activation of 
phosphatidylinositol-3-OH kinase (PI3K)-Akt and p42/p44 extra-cellular signal-regulated 
kinases (Erk 1/2). This pathway has been implicated in cellular survival, through 
recruitment of anti-apoptotic protection pathways. PI3K-Akt has been shown to increase 
NO, inhibit opening of the MPT pore, and activate protein kinase C (PKC) and 
mitochondrial Raf-1, which has been shown to phosphorylate and inactivate the pro-
apoptotic factor, Bad. Activation of either the PI3K-Akt or the Erk 1/2 pathway inhibits the 
conformational change in Bax required for its translocation to the mitochondria. Moreover 
Erk 1/2 kinase activation has been shown to inhibit apoptosis, by inhibiting caspase 3 
activation and Akt activation can suppress the mitochondrial apoptotic death pathway by 
inactivating caspase 9. Interestingly, PI3K-Akt is a cell signalling mechanism also involved 
in the benefits of liver ischemic preconditioning in isolated hepatocytes. The modulation of 
therapeutic targets such as the anti-apoptotic pro-survival PI3K-Akt and Erk 1/2 kinase 
cascades could open new perspectives for limiting I/R injury associated with LT (Casillas et 
al., 2006).  

Cardiotrophin-1 (CT-1) and alpha-lipoic acid (LA) could be promising drugs against I/R 
injury associated with LT because their benefits on pro-survival kinase cascades. The 
pretreatment of isolated hepatocytes with the pro-apoptotic mediator transforming growth 
factor-beta stimulates CT-1 production. In addition, pretreatment with CT-1 protects rats 
against fulminant liver failure after subtotal hepatectomy. This protective effect was 
associated with reduced caspase-3 activity and activation of Erk1/2 and PI3K/Akt 
pathways (Bustos et al., 2003). Recent research points to the potential of preconditioning 
with LA for hepatic IRI, which is mediated via the PI3K/Akt pathway. However, neither  
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Bad nor eNOS phosphorylation was increased after LA pretreatment, suggesting a new 
mechanism by which LA exerts antinecrotic but not antiapoptotic action during hepatic I/R 
(Muller et al., 2003). This could be of special interest to protect steatotic liver grafts, given 
that necrosis rather than apoptosis is the predominant type of cell death in such cases. 

The results, based on isolated perfused liver, indicated that the addition of EGF and IGF-I 
(separately or in combination) to UW reduced hepatic injury and improved function in both 
liver types. A combination of EGF and IGF-I resulted in hepatic injury and function 
parameters in both liver types similar to those obtained by EGF and IGF-I separately. EGF 
increased IGF-I, and both additives up-regulated AKT in both liver types. This was 
associated with glycogen synthase kinase-3β (GSK3β) inhibition in non-steatotic livers and 
peroxisome proliferator-activated receptor gamma (PPARγ) over-expression in steatotic 
livers. The benefits of EGF and IGF-I as additives in UW solution were also clearly seen in 
the LT model, because the presence of EGF and IGF-I (separately or in combination) in UW 
solution reduced hepatic injury and improved survival in recipients who underwent 
transplantation with steatotic and nonsteatotic liver grafts. Thus, EGF and IGF-I may 
constitute new additives to UW solution in steatotic and nonsteatotic liver preservation, 
whereas a combination of both seems unnecessary (Zaouali et al., 2010). 

6.2 Antiapoptotic strategies 

An interesting research in hepatic warm ischemia by Bailly-Maitre et al. has pointed to BAX 
inhibitor-1 (BI-1) as a regulator of the endoplasmic reticulum (ER) stress-mediated apoptosis 
pathway (Bailly et al., 2006). The results could lead to new strategies for reducing I/R injury 
associated with LT. Some mechanisms of ER stress-mediated apoptosis are briefly described 
below. During liver ischemia, hypoxia-induced ATP deficiency promotes the release of Ca2+ 

from ER to cytosol. The depletion of ER Ca2+ stores triggers downstream ER stress pathways 
that induce apoptosis. The pro-apoptotic Bcl-2 family members BAX and BAK, localized to 
the ER, also induce emptying of ER Ca2+ pools concomitantly with Ca2+ translocation into 
the mitochondria (Breckenridge et al., 2003). In addition, I/R initiates protein misfolding in 
the ER, which can activate a highly conserved unfolded protein response (UPR) signal 
transduction pathway. The UPR is characterized by coordinated activation of three ER 
transmembrane proteins, IRE1, PKR-like ER kinase (PERK) and activating transcription 
factor (ATF)-6. If the damage is so severe that homeostasis cannot be restored, ER stress 
signal transduction pathways ultimately initiate apoptosis (Oyadomari & Mori, 2004; Xu et 
al., 2005). The study by Bailly-Maitre indicated that the ER membrane protein BI-1 protects 
against apoptosis induced by ER stress. Compared to wild-type BI-1 mice, BI-1 knockout 
mice subjected to hepatic ischemia/reperfusion exhibited greater elevation in caspase-9 
activity, more activation of IRE1, ATF6 and JNK, and greater increases in expression of 
CHOP and spliced X-box binding protein 1 (XBP-1) (Bailly et al., 2006). Thus, strategies 
aimed at modulating BI-1 as well as other component of ER stress-mediated apoptosis could 
protect not only against ER stress but also against the mitochondrial-dependent apoptosis 
pathway. In liver, the small molecule chemical chaperones, 4-PBA and Tauroursodeoxycholic 
acid (TUDCA) protect against I/R-induced ER stress-mediated cell death in non-steatotic 
livers undergoing ischemic conditions (Falasca et al., 2001; Vilatoba et al., 2005). 4-PBA 
reduced inflammatory response, apoptosis and mortality in non-steatotic livers undergoing 
total hepatic ischemia (Vilatoba et al., 2005). The addition of TUDCA to UW preservation 
solution protected non-steatotic livers, specifically sinusoidal lining cells and hepatocytes 
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against cold ischemia injury (Falasca et al., 2001). Recent studies indicated that PBA, and 
especially TUDCA, reduced inflammation, apoptosis and necrosis, and improved liver 
regeneration in both steatotic and non-steatotic livers in partial hepatectomy under vascular 
occlusion. Both compounds, especially TUDCA, protected both liver types against ER 
damage, as they reduced the activation of two of the three pathways of UPR (namely 
inositol-requiring enzyme and PKR-like ER kinase) and their target molecules caspase 12,  
c-Jun N-terminal kinase and C/EBP homologous protein-10. Only TUDCA, possibly 
mediated by extracellular signal-regulated kinase upregulation, inactivated glycogen 
synthase kinase-3β. This in turn, inactivated mitochondrial voltage-dependent anion 
channel, reduced Cyt c release from the mitochondria and caspase 9 activation and 
protected both liver types against mitochondrial damage (Ben Mosbah et al., 2010). Also, 
strategies aimed at modulating component of ER stress-mediated cell death could protect 
not only against ER stress but also against the mitochondrial-dependent apoptosis pathway. 
A recent study indicated that TUDCA reduced ER stress in steatotic liver transplantation. 
Further studies will be required to elucidate whether these chemical chaperones such as  
4-PBA and TUDCA could be considered as useful strategies in clinical LT. They have been 
used for clinical treatment of urea cycle disorders, cholestatic liver diseases and cirrhosis 
(Ben Mosbah et al., 2010). Results of clinical trials have shown that 4-PBA has few side 
effects and is safe for patients since it is well tolerated at high dose for long periods of time 
(Özcan et al., 2006). TUDCA is a derivate of an endogenous bile acid, and it has been safely 
used as a hepatoprotective agent in humans with cholestatic liver diseases (Falasca et al., 
2001).  

Recently, autophagy has been described to be activated in stress conditions to ensure cell 
survival by limiting necrosis or apoptosis in vivo. Autophagy is a catabolic pathway 
triggered following various stress conditions, such as starvation or transient hypoxia, and 
aimed to restore adequate intracellular ATP and aminoacids levels and to eliminate 
damaged organelles (Degli et al., 2011). Autophagy has been shown to retard cell death by 
suppressing ER stress. Thus, the possibility that activation of autophagy may be involved in 
ER stress attenuation in steatotic livers, and that the modulation of autophagy and ER stress 
can have beneficial effects in clinical LT should not be discarded. 

6.3 Omega-3 PUFAs 

Manipulation of the chemical composition of hepatic lipids may evolve as a useful strategy 
to expand the donor pool and improve the outcome after LT. Macrosteatotic livers disclosed 
an abnormal omega-6: omega-3 PUFA ratio that correlates with a microcirculatory defect 
that enhanced reperfusion injury (El-Badry et al., 2007). Therefore, normalization of the Ω-
6:Ω-3 FA ratio appears to be crucial for protection of the steatotic liver from reperfusion 
injury. Preoperative dietary omega-3 PUFAs protect macrosteatotic livers against 
reperfusion injury and might represent a valuable method to expand the live liver donor 
pool (El-Badry et al., 2007). Clavien et al., treated three live liver donors with moderate 
degrees of steatosis by oral administration of X-3 FAs. All donors showed a significant 
reduction of hepatic fatty infiltration within one month. Subsequently, LT was carried out 
for three candidates with uneventful outcomes for both donors and recipients. A very 
promising option to prevent post-transplant complications appears to be the use of a 
pretreatment with X- 3 FAs. However, the approach is only feasible in living donation since 
requires oral administration of X-3 FAs before organ procurement (McCormack et al., 2011).  
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Due to large inconsistencies in the qualitative and quantitative measurement of fat deposits 
in the liver, new techniques of assessment of steatosis are needed. Computerized programs 
have been developed to more objectively quantitate hepatic steatosis by determining the 
area occupied by lipid droplets in a given field of a liver section (El-Badry et al., 2009). 
However, these quantitative methods provide information only on the total amount of fat, 
omitting any data on the chemical composition of hepatic lipids. Therefore, novel and 
objective tools, such as measurement of the X-6 and X-3 FAs and prostanoid levels in liver 
biopsy samples, may help prediction of the magnitude of reperfusion injury (McCormack et 
al., 2011). 

6.4 Adipocytokines derived from liver and/or adipose tissue 

To date, adipose tissue has been considered the major site for endogenous adiponectin 
production, although there are other potential sources, including the liver (Massip-Salcedo 
et al., 2008; Neumeier et al., 2006). A recent study indicated that steatotic livers can generate 
adiponectin as a consequence of I/R (Massip-Salcedo et al., 2008). The role of adiponectin in 
hepatic I/R injury remains unclear. Adiponectin silent small interfering RNA (siRNA) 
treatment decreased oxidative stress and hepatic injury in steatotic livers. PPAR-α agonists 
as well as ischemic preconditioning (PC), through PPAR-α, inhibited mitogen-activated 
protein kinase expression following I/R. This in turn inhibited the accumulation of 
adiponectin in steatotic livers and reduced its negative effects on oxidative stress and 
hepatic injury (Massip-Salcedo et al., 2008). However, another study by Man et al., 2006 in 
small fatty grafts, adiponectin treatment exerted anti-inflammatory effects that down-
regulated TNF-α mRNA and vasoregulatory effects that improved the microcirculation. 
Adiponectin anti-inflammatory effects also include the activation of cell survival signaling 
via the phosphorylation of Akt and the stimulation of NO production. Additionally, the 
studies by Man et al., 2006 showed the anti-obesity and proliferative properties of 
adiponectin in small fatty transplants. Thus, on the basis of the different results reported to 
date in hepatic I/R, it is difficult to discern whether we should aim to inhibit adiponectin, or 
administer adiponectin to protect steatotic livers against cold ischemia associated with 
transplantation. 

Levels of adiponectin are reduced in obese subjects (Bugianesi et al., 2005; Targher et al., 
2006; Weyer et al., 2001) and in experimental models of fatty livers, irrespective of the type 
of steatosis (induced by diet or alcohol) (Rogers et al., 2008; Xu et al., 2003). Indeed, in a 
cohort of 68 obese individuals, serum levels of adiponectin significantly predicted hepatic 
steatosis and hepatic damage (Schäffler et al., 2005; Targher et al., 2004). Research aimed at 
identifying prognostic factors in LT are both necessary and relevant. Further investigations 
will be required to elucidate whether measurements of adiponectin in serum, a non-invasive 
tool, might predict the severity of steatosis and liver damage and contribute to the 
identification of steatotic liver donors with a high risk for transplantation. The decision to 
implant or reject a steatotic liver is difficult due to the risk of impaired graft function or even 
failure after implantation. How much fat, and what types of fat, represent a significant risks 
for primary non-function of the graft remain under debate. The assessment of donor liver fat 
is a difficult task for the transplant team due to large inconsistencies in the qualitative and 
quantitative measurement of fat deposits in the liver (El-Badry et al., 2009; McCormack et 
al., 2011).  
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Retinol binding protein 4 (RBP4) is an adipokine synthesized by the liver, whose known 
function is to transport retinol in circulation. However, the role of RBP4 in the liver is largely 
unknown. A recent study indicated that steatotic liver grafts were found to be more 
vulnerable to the down-regulation of RBP4 and the over-expression of PPARγ. RBP4 
treatment (through AMP-activated protein kinase (AMPK) induction) reduced PPARγ over-
expression, thus protecting steatotic liver grafts against I/R injury associated with 
transplantation. In terms of clinical application, therapies based on RBP4 treatment and 
PPARγ antagonists might open new avenues for steatotic LT and improve the initial 
conditions of donor livers with low steatosis that are available for transplantation. (Casillas 
et al., 2011). 

6.5 Surgical strategies  

The response of hepatocyte to ischemia never ceases to be surprising. In fact, contrary to 
what might be expected, the induction of consecutive periods of ischemia to the liver does 
not provoque an additive effect in terms of the hepatocyte lesion. Murry et al. have reported 
that ischemic PC based on a brief period of ischemia followed by a short interval of 
reperfusion prior to a prolonged ischemic stress protects against I/R injury (Murry et al., 
1986). The molecular basis for PC consists of a sequence of events: in response to the triggers 
of PC, a signal must be rapidly generated which is then transduced into an intracellular 
message leading to the amplification of the effector mechanism of protection (Cutrin et al., 
2002; Serafin et al., 2004b). As in the pathophysiology of hepatic I/R, in the modulation of 
hepatic injury induced by IP there is a complex interaction between different cell types.  

The present review is focused on some of the proposed mechanisms leading to the 
development of hepatocyte resistance to I/R injury following hepatic PC (see Fig. 4). 
Vasoactive substances such as adenosine, NO, bradykinin, etc, have been considered as the 
major players in triggering preconditioning (Cutrin et al., 2002). In addition to the 
extracellular mediators, PC involves activation of intracellular messengers such as PKC, 
AMPK, p38 MAPK, Ik kinase; signal transducer and activator of transcription-3 (STAT3) 
and transcription factors including NFκB and heat shock transcription factor 1 (HSF1) 
(Carini & Albano, 2003; Selzner, 2003) (see Fig. 4). The downstream consequences of these 
pathways could be cytoprotective by abrogation of cell death pathways, stimulating 
antioxidant and other cellular protective mechanisms including MnSOD and heat shock 
proteins (HSPs), and by initiating entry into the cell cycle (Cutrin et al., 2002; Selzner, 2003). 
The benefits of PC on energy metabolism, inflammatory mediators including ROS and TNF, 
mitochondrial dysfunction, KC activation, and microcirculatory disorders associated with 
I/R injury have also been described (Casillas et al., 2006; Massip-Salcedo et al., 2007). PC via 
AMPK activation, reduced the ATP depletion thus attenuating the accumulation of 
glycolytic intermediates and lactate production during hepatic sustained ischemia (Peralta 
et al., 2000b). The benefits of PC on oxidative stress could be explained by the induction of 
antioxidants, such as SOD and HSPs as well as by its effect on XDH/XOD (Carini & Albano, 
2003; Casillas et al., 2006; Massip-Salcedo et al., 2007). PC reduced the accumulation of 
xanthine during ischemia and prevented the conversion of XDH to XOD, thus preventing 
the deleterious effect of this ROS generating system on liver (Fernández et al., 2002; Serafin 
et al., 2004b) (see Fig. 4). It is possible that NFkB and p38 MAPK-regulated transcription 
factors (ATF-2 and MEF2C) might be responsible for inducing the expression of protective 
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genes, including SOD. HSPs induced by PC might contribute to improve membrane 
potential and respiratory control in hepatic mitochondria, allowing a faster recovery of ATP 
on reoxygenation (Carini & Albano, 2003; Massip-Salcedo et al., 2007). The modulation of 
inflammatory response by hepatic PC has been also reported in different experimental 
models of warm and cold hepatic ischemia. PC reduces neutrophil accumulation, the 
generation of different cytokines and interleukins including TNF and IL-1 (Casillas et al., 
2006; Cutrin et al., 2002; Massip-Salcedo et al., 2007). The benefits of PC were also observed 
on hepatic microcirculation by inhibiting the effects of different vasoconstrictor mediators 
such as ETs, thus ameliorating sinusoidal perfusion and microvascular dysfunction (Peralta 
et al., 1996; Peralta et al., 1999a). The benefits of PC regulating Ang II and adipocytokines 
such as adiponectin and RBP4 have been also reported in hepatic I/R. PC, through PPARα 
inhibits adiponectin accumulation in steatotic livers and adiponectin-worsening effects on 
oxidative stress and hepatic injury in hepatic resactions (Massip-Salcedo et al., 2008). In liver 
transplantation PC, which increases RBP4 levels, reduced PPARγ levels and hepatic injury 
in steatotic livers (Casillas et al., 2011). As ER stress activates an adaptive response to  
injury, modulating ER stress before transplantation by PC could improve the grafted organ 
viability (see Fig. 4). Along these lines, it has been proposed that induction of ER  
chaperones, particularly of BiP, underlies the phenomenon of PC in the heart, in which 
exposure to a transient episode of brief ischemia provides subsequent protection from a  

 
Fig. 4. Molecular basis of the ischemic preconditioning protection. (Carini & Albano, 2003; 
Casillas et al., 2006; Cutrin et al., 2002; Fernández et al., 2002; Massip-Salcedo et al., 2007, 
2008; Peralta et al., 1996, 1999a, 2000b; Selzner, 2003; Serafin et al., 2004b) 
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such as adiponectin and RBP4 have been also reported in hepatic I/R. PC, through PPARα 
inhibits adiponectin accumulation in steatotic livers and adiponectin-worsening effects on 
oxidative stress and hepatic injury in hepatic resactions (Massip-Salcedo et al., 2008). In liver 
transplantation PC, which increases RBP4 levels, reduced PPARγ levels and hepatic injury 
in steatotic livers (Casillas et al., 2011). As ER stress activates an adaptive response to  
injury, modulating ER stress before transplantation by PC could improve the grafted organ 
viability (see Fig. 4). Along these lines, it has been proposed that induction of ER  
chaperones, particularly of BiP, underlies the phenomenon of PC in the heart, in which 
exposure to a transient episode of brief ischemia provides subsequent protection from a  

 
Fig. 4. Molecular basis of the ischemic preconditioning protection. (Carini & Albano, 2003; 
Casillas et al., 2006; Cutrin et al., 2002; Fernández et al., 2002; Massip-Salcedo et al., 2007, 
2008; Peralta et al., 1996, 1999a, 2000b; Selzner, 2003; Serafin et al., 2004b) 
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sustained ischemic challenge (Kim et al., 2008). It is tempting to speculate that PC activates 
the UPR, particularly the adaptive and pro-survival aspects of ER stress (Pallet et al., 2009). 

Since the effectiveness of PC was first described, numerous efforts have been made to find 
strategies capable of mimicking its beneficial effects. One of these strategies is known as heat 
shock preconditioning, in which the organ or the whole body is temporarily exposed to 
hyperthermia prior to hepatic ischemia. Chemical preconditioning with either doxorubicine, 
atrial natriuretic peptide or oxidants decreases hepatic injury in several experimental 
models of I/R. However, their possible clinical application seems limited owing to 
difficulties in implementing them in clinical practice, toxicity problems and the side-effects 
that have been identified (Casillas et al., 2006; Massip-Salcedo et al., 2007; Peralta et al., 
1999a). 

The benefits of PC observed in experimental models of hepatic warm and cold ischemia 
created the need for human trials of PC. To date, PC has been successfully applied in human 
liver resections in both steatotic and non-steatotic livers. The effectiveness of PC in hepatic 
surgery was first reported by Clavien et al., 2003, but unfortunately, in this study, it proved 
ineffective in elderly patients. It is well known that the impact of cold ischemia on organ 
function becomes even more significant as the age of the donor increases (Busuttil & Tanaka, 
2003). Recent research indicates that melatonin prevents oxidative stress and inflammatory 
response in hepatocytes from elderly rats and this could improve the viability of liver grafts 
from elderly donors and increase the effectiveness of PC (Castillo et al., 2005).  

Prevention of post-hepatectomy liver insufficiency by PC, particularly in patients with 
cirrhotic or steatotic livers has also been demonstrated (Nuzzo et al., 2004). A clinical study 
by Koneru and colleagues showed no effects of PC on cadaveric donor livers compared with 
controls. However, the study consisted of clamping the hepatic vessels for a period of 5 min, 
and as the authors concluded, that may be insufficient to obtain a beneficial effect from PC 
(Koneru et al., 2005). Another clinical study carried out by Azoulay and colleagues using the 
model of cadaveric whole liver transplantation showed that PC based on 10 min of ischemia 
was associated with better tolerance to ischemia. However, this was at the price of decreased 
early function (Azoulay et al., 2005). Beginning this year, Jassem and colleagues concluded 
that 10 min of preconditioning was effective to protect cadaveric donor allografts from cold 
ischemia, reduced inflammatory response and resulted in better graft function (Jassem et al., 
2006). Further randomised clinical studies are necessary to confirm whether PC is 
appropriate for LT in clinical practice. The potential applications of PC in human LT are 
numerous. PC also has the potential to increase the number of organs suitable for LT since it 
can improve the outcome for marginal grafts that would not otherwise have been 
transplanted. Its benefits to reduce the vulnerability of steatotic grafts to I/R injury have 
also been reported in different experimental studies of LT (Carrasco et al., 2005; Fernández 
et al., 2004). Interestingly, the effectiveness of PC in clinical practice in major liver 
hepatectomy opens up new possibilities in living donor liver transplantation, since the 
ischemia period is similar in both surgical procedures. Moreover, PC increases liver 
regeneration, the most critical aspect to be considered in living donor liver transplantation 
(Franco et al., 2004). Again, PC may also have a role in the transplantation of small grafts 
whose pathophysiology overlaps with I/R injury. In fact, a study published by Barrier et al., 
2005 has shown the benefits of PC in transplantation from living human liver donors. PC is 
easy to apply, inexpensive and does not require the use of drugs with potential side effects. 
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One disadvantage of PC is that it requires a period of pre-ischemic manipulation for organ 
protection. 

7. Conclusion and perspectives 
The hope of finding new surgical and pharmacological therapeutic applications provides a 
strong impetus to identify the mechanisms responsible for the failure of fatty livers. We 
must continue conducting researches attempting to improve the outcomes of LT using fatty 
liver grafts. Before a complete definition of a successful therapeutic strategy based on 
regulating hepatic I/R injury is stated, several additional points need to be addressed. The 
effects of the new potential protective strategies (TMZ, AICAR, RAS modulators, PI3K and 
ERK1/2 modulators, anti-apoptotic strategies, omega-3 PUFA, adiponectin, RBP4 and PC) 
on the pathways involved in the inflammatory process and lipid metabolism have only just 
been mapped. The success of these protective strategies might depend on the surgical 
procedure. Moreover, the response of different type of liver to these treatments might differ 
and involve different signal transduction pathways that are at present marginally 
understood. Whether the above-mentioned approaches can be translated into as viable 
options in the clinical practice remain unknown, but further researches are required to 
optimize the their use (e.g. dose, pharmacokinetics…etc). Such approaches have the 
potential to increase the number of organs suitable for transplantation, since they may 
improve the outcomes of marginal grafts that would not otherwise have been used.  
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1. Introduction 
Ischemia-reperfusion injury (IRI) is a series of multifaceted cellular events that takes place 
on the resumption of oxygen delivery to the affected organ after a period of hypoxia. IRI 
occurs in the liver during procedures that are associated with vascular inflow obstruction 
followed by restoration of blood flow, particularly during orthotopic liver transplantation. 
IRI can result in major hepatocellular damage. 

In the last decade, nitric oxide (NO) has been shown to have various protective effects on 
cells during IRI. NO was first described as endothelium derived relaxing factor (EDRF), 
and it was described as being released from vascular endothelium to induce smooth 
muscle vasorelaxation. Since that time, much more has been elucidated about the role of 
NO in biological systems. NO has been demonstrated to inhibit oxidative stress, cytokine 
release, leukocyte endothelial adhesion and apoptosis (Phillips, Toledo, Lopez-Neblina, 
Anaya-Prado, & Toledo-Pereyra, 2009). On a cellular-signaling level, NO effects are 
mediated via redox-sensitive sites, and include: inhibition of protein kinase C, activation 
of tyrosine kinase, inactivation of NF-kB and activation of G proteins (Y. M. Kim, de Vera, 
Watkins, & Billiar, 1997). Previous studies have demonstrated that a reduction of NO 
during hepatic IRI, generally via a reduction in endothelial nitric oxide synthase (eNOS) 
activity, leads to liver injury (Köken & Inal, 1999). Inhaled NO or NO donor drugs are 
novel treatments that have been used clinically to attenuate liver IRI (Zaky, 
Siriussawakul, Tostenrud, Pauldine, & J. Lang, 2009). This review will discuss the 
pathophysiology of liver involvement during IRI and the clinical use of NO and its sister 
compounds in ameliorating the impact of liver IRI. 

2. An overview of hepatic ischemia reperfusion injury 
As noted above, the patholophysiology of IRI is multifactorial and involves a multitude of 
oxidative and cellular mechanisms. Briefly, hepatic IRI can be described as a two phase 
process with early (acute) and late (sub-acute) injury (Fan, Zwacka, & Engelhardt, 1999; 
Zwacka, Zhang, Zhou, Halldorson, & Engelhardt, 1998b). The distinction is particularly 
important because potential theraputic targets (i.e. methods of increasing NO in the hepatic  
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micro-envirnoment) may have different effects on these two phases. Early injury is mediated 
by a rapid change in the biochemical redox state of the tissue to a more oxidative one. It 
occurs within 5 minutes, and is not associated with leukocyte infiltration. Following the 
acute state is an increase in endothelial cell adhesion molecules, chemokines and cytokines. 
These molecules then herald the late phase characterized by a significant infiltration of 
polymorphonuclear neutrophils, further release of a reactive oxygen species (ROS) and 
extensive inflammation and tissue injury.  

NO plays a significant role in the acute phase of IRI, as this phase is associated with a rapid 
decrease in available NO. This decrease occurs either by depressed production by eNOS in 
sinusoidal endothelial cells (SECs), increased degradation by ROS, or both. The ROS 
implicated are chiefly O2•- (superoxide, see next paragraph), but also include hydrogen 
peroxide (H2O2). In the last few years, the implicated enzyme responsible for production of 
ROS has shifted from hepatoctye xanthine oxidase to NADPH oxidase in Kuppfer cells or 
mitochondrial sources of ROS (Hines & Grisham, 2011).  

The term “reactive oxygen species” in the context of hepatic IRI primarily refers to 
superoxide. Two studies that incorporated manganese superoxide dismutase (MnSOD) – an 
enzyme which degrades superoxide – into liver tissue showed attenuation of IRI (He et al., 
2006; Zwacka et al., 1998a). Therefore superoxide itself seems important in IRI. The 
mechanism by which superoxide imparts its damage is somewhat unclear, but it is known 
that membrane lipid peroxidation is associated with oxidative damage. Perhaps more 
importantly, damage by superoxide to mitochondrial membrane proteins and therefore ATP 
generating capacity and may a more important mechanism in IRI(Madesh & Hajnóczky, 
2001; Moon et al., 2008).  

3. Nitric oxide biochemistry 
NO is a highly reactive molecule with other free radical species and possesses an extremely 
short half-life (Rubbo, Darley-Usmar, & Freeman, 1996). NO is produced endogenously or 
delivered exogenously where it can react with a variety of cellular targets resulting in 
vasorelaxation, enhanced neuronal transmission, reduced apoptosis, inhibition of neutrophil 
aggregation and adhesion, and modulation of vascular smooth muscle proliferation.  

NO synthesis is dependent on the enzyme nitric oxide synthase (NOS). NOS catalyzes the 
net reaction: 

 L-Arginine + NADPH + O2 = Citrulline + Nitric oxide + NADP+ (1) 

(adapted from Alderton, Cooper, & Knowles, 2001) 

This complex enzyme system generates NO from the terminal nitrogen atom of L-arginine 
in the presence of NADPH and dioxygen. NOS binds flavin adenine dinucleotide (FAD), 
flavin mononucleotide (FMN), heme, tetrahydrobiopterin (BH4) and calmodulin from  
L-arginine and oxygen by a family of three NO synthases (NOS), all of which are expressed 
in a variety of cell types.  

Three distinct isoforms are known: 1) Neuronal NOS (NOS I), is produced in central and 
peripheral nerves and is pivotal in neuronal transmission and cell-to-cell communication 
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within the central nervous system. 2) Inducible NOS (NOS II is induced by an inflammatory 
stimulus such as a microbe (Parul Tripathi, Prashant Tripathi, Kashyap, & Singh, 2007). 
Unlike the other types of NOS (I and III), NOS II is not constitutive and is independent of 
calcium regulation. While NOS II is expressed by immune cells such as neutrophils and 
macrophages, it is also present in other cell lines including hepatocytes. Endothelial NOS 
(NOS III), is constitutively expressed by endothelial cells and is critical for the regulation of 
vascular function, more specifically vasorelaxation.  

 
(Modified, with permission from http://www.wiley.com/college/boyer) 

Fig. 1. Mechanisms of smooth muscle relaxation. NO diffuses across the muscle cell 
membrane and binds to guanylyl cyclase. Guanylyl cyclase catalyzes the synthesis of cyclic 
GMP from GTP. cGMP activates a cGMP-dependent protein kinase which stimulates the 
uptake of calcium by the endoplasmic reticulum of the muscle cell. The reduced levels of 
cytoplasmic calcium cause the muscle cell to relax. As a consequence of muscle cell relaxation, 
vasodilation occurs. PKG – protein kinase G 

The generation of NO leads to several actions that promote smooth muscle relaxation. First, 
activation of guanylate cyclase raises the level of intracellular cGMP which in turn inhibits 
the entry of calcium into the cell thereby inducing smooth muscle relaxation. Second,  
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activation of K+ channels leads to cellular hyperpolarization and relaxation. Finally, 
stimulation of cGMP-dependent protein kinase activates of myosin light chain phosphatase 
leading to dephosphorylation of myosin light chains resulting in smooth muscle relaxation. 
NOSs are related but encoded by distinct genes. Classically, the ability of NO to elicit 
vasorelaxation is due to its ability to increase intracellular levels of cyclic guanosine 
monophosphate (cGMP) through the activation of soluble guanylate cyclase (sGC). cGMP–
dependent protein kinases in turn decrease the sensitivity of myosin to calcium-induced 
contraction and lower intracellular calcium by activation of calcium-sensitive potassium 
channels and inhibits the release of calcium from the sacroplasmic reticulum. Mechanisms 
of smooth muscle relaxation are shown on Figure 1. 

4. Brief review of the pathophysiology of IRI 

 
Fig. 2. Multifaceted mechanism are involved in the causation of hepatic ischemia-reperfusion 
injury (IRI). Kupffer and endothelial cells produce cytokines and chemokines, recruiting 
neutrophils that further accentuate injury. EC, endothelial cell. NO (nitric oxide) is decreased 
as a result of IRI allowing for decreased perfusion and exaggerated injury (Massip-Salcedo, 
Roselló-Catafau, Prieto, Avíla, & Peralta, 2007). KC, Kuppfer cell. ATP, adenosine 
triphosphate. TNF, tumor necrosis factor. IL, interleukin. ICAM, intercellular adhesion 
molecule. PAF, platelet activation factor. LTB4, leukotrien B4. GMS-CSF, granulocyte 
macrophage colony stimulating factor. INF, interferon. ROS, reactive oxygen species. 
(Slighty modified with permission of Dr. Joan Rosello-Catafau, Barcelona, Spain) 
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During the ischemic phase, anaerobic metabolism ensues and produces an inadequate amount 
of high-energy phosphates which are fundamental to most cellular functions. Low levels of 
high-energy phosphates affects a myriad of cellular functions: homeostasis, signaling 
interactions, cellular proliferation and processing of the apoptotic death cycle. Adenosine 
triphosphate (ATP) depletion impairs the sodium/potassium ATPase (Na+/K+- ATPase) 
function, resulting in an impairment of the efflux of sodium from the cell. Additionally, toxic 
metabolites – which are generated during ischemia – attract free water into ischemic cells and 
organelles leading to the formation of cellular edema (Jennings, Shen, Hill, Ganote, & 
Herdson, 1978). If the ischemic insult lasts greater than 24 hours, it is likely that ATP-synthase 
activity becomes irreversible after blood restoration, leading to cellular necrosis, apoptosis or 
necroapoptosis (Sammut et al., 2000). Ischemia also causes an increased expression of adhesion 
molecules that leads to endothelial cell and neutrophil adhesion resulting in vascular studding 
and occlusion (Yadav et al., 1998). Furthermore, disequilibrium between NO and endothelin 
(ET) induces vasoconstriction and subsequent microcirculatory failure even though blood 
circulation has been re-established (Montalvo-Jave, Escalante-Tattersfield, Ortega-Salgado, 
Piña, & Geller, 2008). Reestablishment of blood flow will serve to amplify inflammation with 
consequent injury that is highly variable but dependent on numerous variables that include 
the extent of mediators produced (i.e. reactive oxygen species), the degree of endothelial and 
neutrophil adhesive responses and the degree of Kuppfer cell activation.  

5. Principal participants in liver IRI 
5.1 Sinusoidal endothelial cells (SEC) 

Injury to these cells is initiated during cold ischemia whereby Ca2+-ATPase results in the 
accumulation of intracellular calcium (Bigelow & Thomas, 1987). Following this event, a 
series of actions occur making the endothelium more susceptible to platelet adhesion and 
reduced sinusoidal flow. 

5.2 Kupffer cells 

Kupffer cells are crucial in liver injury orchestration. Metabolic alterations of these cells 
occur during no-flow ischemia leading to the formation of reactive oxygen species during 
early reperfusion (Jaeschke, Bautista, Spolarics, & Spitzer, 1991). Additionally, at the onset of 
reperfusion Kupffer cells undergo further activation by toll-like receptor 4 signaling and/or 
by complement. Subsequently, Kupffer cells release pro-inflammatory cytokines such as 
TNF-α and Interleukin-1 which themselves can perpetuate inflammatory injury by 
leukocyte activation. 

While major participants in the promotion of injury, during cold ischemia they undergo 
intracellular energetic bioenergetic perturbations that reduce ATP stores due to 
mitochondrial dysfunction and predispose these cells to injury during reperfusion (Kamiike 
et al., 1988).  

5.3 Leukocytes and lymphocytes 

As a result of IRI, cellular adhesion molecules (ie, intracellular adhesion molecule-1 or 
ICAM-1, vascular adhesion molecule-1 or VCAM-1), selectins and integrins are activated 
and upregulated on the surface of endothelial cells, neutrophils and platelets. The activated 
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neutrophils adhere to endothelial cells at the initial stages of reperfusion, and subsequently 
transmigrate the endothelium where they continue to orchestrate tissue injury. The 
accumulation of activated neutrophils contributes to microcirculatory disturbances both 
locally and remotely. Activated neutrophils release reactive oxygen species, specifically 
superoxide radical (O2-•), proteases and various cytokines (Teoh & Farrell, 2003). Monocytes 
and macrophages are also activated shortly following reperfusion (Ysebaert et al., 2000). 
Recent studies propose an important role for lymphocytes, especially CD4+ T cells, in 
augmenting injury responses after IRI. However, lymphocytes may also play a protective 
role, but this is probably dependent on cell type and time course of injury (Ysebaert et al., 
2000).  

5.4 Reactive oxygen species (ROS) and reactive nitrogen species (RNS) 

During periods of ischemia, ROS and RNS are generated which can promote intracellular 
damage. Due to electron transport chain alterations, mitochondrial dysfunction ensues 
leading to reductions in ATP production and with subsequent loss of inner membrane 
stability resulting in mitochondrial swelling and rupture. With the reintroduction of oxygen 
during reperfusion, ROS are produced due to reactions of oxygen introduced during 
reperfusion and possible xanthine oxidase (or mitochondrial sources of ROS). ROS serve to 
stimulate other cell lines including Kupffer cells to produce proinflammatory cytokines 
(Diesen & Kuo, 2011). The major ROS are hydroxyl radical (OH•) and hydrogen 
peroxide.(H2O2). Reactions of ROS such as O2-• with NO yield products such as 
peroxynitrite (ONOO-), a RNS which can be an extremely aggressive oxidant. 

5.5 Cytokines  

Cytokines play a vital role in IRI, both by inducing and sustaining the inflammatory 
response, and by modulating IRI severity. Tumor necrosis factor-alpha (TNF-α) and 
interleukin-1 (IL-1) are the two cytokines most commonly implicated in liver IRI. TNF-α is a 
pleiotropic cytokine generated by various different cell types in response to inflammatory 
and immunomodulatory stimuli. TNF-α modulates leukocyte chemotaxis and activation, 
and induces ROS production in Kupffer cells (Colletti et al., 1996). Additionally, IL-1 is 
known to promote production of ROS, induce TNF-α synthesis by Kupffer cells and induce 
neutrophil recruitment (Kato, Gabay, Okaya, & Lentsch, 2002). 

5.6 Complement 

The complement system also contributes significantly to IRI and is composed of 
approximately thirty soluble and membrane-bound proteins. This system can be stimulated 
in three pathways: (1) the antibody-dependent classical pathway, (2) the alternative 
pathway, or (3) the mannose-binding lectin pathway (Qin & Gao, 2006).  When activated, 
complement acts as a membrane-attacking complex that stimulates the production of 
proinflammatory cytokines and chemotactic agents. Furthermore, it can regulate adaptive 
immunity (Boros & Bromberg, 2006). 

6. The influence of endogenous NO on liver IRI 
Damage to the liver due to IRI is a culmination of inflammatory cross talk with the principal 
participants mentioned previously. Injury due to ischemia and reperfusion is the main cause  
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of liver injury in response to vascular clamping during hepatic procedures such as 
hepatectomy and liver transplantation. This insult on the liver results in disturbances of the 
sinusoidal microcirculation and the generation of a variety of mediators such as reactive 
oxygen species, cytokines, activation of chemokines and other cell signaling molecules 
previously mentioned. 

Hepatic IRI can cause severe hepatocellular injury that contributes to morbidity and 
mortality after liver surgery. As briefly mentioned previously, reductions of NO during 
liver IRI occur and are associated with increased liver injury (Köken & Inal, 1999). This is 
now appreciated to be due to decreases in NO steady-state production resulting from low 
concentrations of eNOS. This event coupled with NO inactivation due to reactions with 
abundant ROS, such as O2-•, results in reduced NO bioavailability. The consequences of this 
reduced bioavailability include but are not exclusive to increased oxidative stress, increased 
apoptosis, increased leukocyte adhesion, increased microcirculatory tone, and perturbed 
mitochondrial function. Interestingly, restoration with of NO to more “physiologic” 
concentrations serves to diminish the liver ischemia injury via countering the adverse 
actions mentioned previously. Other studies have demonstrated findings that are consistent 
with the premise that eNOS is crucial for minimizing injury during liver IRI. For example, 
liver injury was less in wild type mice compared to eNOS knockouts (eNOS -/-), in addition 
to the findings that agents given to increase eNOS expression or donate NO afford greater 
liver IRI protection (Duranski et al., 2006; Katsumi, Nishikawa, Yamashita, & Hashida, 
2008). It is also well established that the NO concentrations during various inflammatory 
states are significantly increased by increased expression of inducible nitric oxide synthase 
or iNOS. However, the influence of iNOS and its true contribution in conferring liver 
protection deserves additional studies. In a rat model of liver IRI, iNOS expression was 
significantly increased as per increases in iNOS RNA at 1 and 5 hrs (Hur et al., 1999). This is 
consistent with other studies measuring iNOS expression of conditions of liver IRI. In a 
porcine model of IRI, intraportal injection of the selective iNOS inhibitor, aminoguanidine 
was demonstrated to decrease injury (M Isobe et al., 2000). In an intriguing study, NOS 
knockout mice (iNOS -/-) exposed to warm liver IRI demonstrated a much greater 
magnitude of injury compared to wild type mice. Interestingly, even though injury was 
greater in the iNOS knockout mice, little to no iNOS RNA was detectable in the wild type 
mice. It would appear for now, the true influence of iNOS’s influence on liver injury during 
IR remains unclear.  

A number of other endogenous NO-mediated mechanisms thought to confer protection 
have been published. For example, NO has been shown to inhibit caspase proteases via S-
nitrosylation, thereby inhibiting apoptosis (Maejima, Adachi, Morikawa, Ito, & Mitsuaki 
Isobe, 2005). This appears to be somewhat concentration dependent. Low physiological 
concentrations of NO may inhibit apoptosis. In contrast, higher concentrations may lead to 
the formation of toxic reactive nitrogen species such as ONOO- or reactive oxygen species 
which lead to cell necrosis and apoptosis (P. K. Kim, Zamora, Petrosko, & Billiar, 2001). 
Other published mechanisms of NO-mediated protection include inhibition of nuclear factor 
kappa B (Marshall, Hess, & Stamler, 2004), reversible inhibition of mitochondrial complex I, 
and decreased mitochondrial calcium accumulation (Burwell & Brookes, 2008). As to be 
expected, controversy exists concerning “if” and “how” NO exerts cellular protection. For 
instance, in a study by Jaeschke et al (Jaeschke et al., 1991), administration of a NO synthase 
inhibitor did not attenuate or accentuate liver injury during the initial reperfusion period.  
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Inhibition of NO was observed not to influence neutrophil migration to the injured sites. 
While this contradicts a number of other studies, based on their findings, the authors 
concluded that NO availability was unlikely to be involved in the post-ischemic oxidant 
stress and reperfusion injury (Jaeschke, Schini, & Farhood, 1992). Nevertheless, the majority 
of published literature has demonstrated the beneficial effects of NO during liver IRI. These 
conflicting results might be explained by the fact that the mechanism of NO-mediated 
protection varies depending on cell type, quantities supplied, laboratory methods applied, 
timing and duration of NO exposure. Here, we summarize some key studies studying 
endogenous NO and NOS in hepatic IRI Table 1.  

Species Experimental 
Methods 

Ischemic 
Time  

NO or NOS Effects Reference 

Pigs Aminoguanidine, 5 
min before ischemia 

120 min NO derived from iNOS, 
antioxidant 

(M Isobe et al., 
2000) 

Dogs FK 409, 30 min 
before ischemia 
and15 min before 
and to 45 min after 
reperfusion 

60 min NO, improve hepatic 
microcirculation 

(Aiba et al., 
2001)  

Rats L-arginine, 7 days 
before IRI 

60 min NO, antioxidant (Chattopadhy
ay et al., 2008) 

Rats L-NAME 60 min 
before ischemia  

30 min NO, antioxidant (Köken & Inal, 
1999) 

Mouse - Gadolinium 
chloride 24h before 
ischemia 
- L-nitroarginine  
(L-NAME) methyl 
ester 15 min prior to 
ischemia.  

45 min NO derived from eNOS, 
antioxidant, suppresses 
Kupffer cell function, 
regulated basal hepatic 
blood flow, but not affects 
blood flow after 
reperfusion, attenuated 
neutrophils infiltration. 

(Hines et al., 
2005) 

Rats - L-arginine or 
Sodium 
nitroprusside or  
L-Name prior to 
ischemia 

60 min NO, improve peripheral 
liver blood flow after 
reperfusion, cytoprotective

(Nilsson, 
Delbro, 
Wallin, & 
Friman, 2001) 

Male Rats - Arginine or  
L-NAME or  
8-bromo guanosine 
3′5′-cyclic 
monophosphate or 
rat atrial natriuretic 
peptide (ANP 1-28) 
30 min before 
ischemia 

45 min NO, antioxidant, 
antiproinflammatory 
cytokines, improves 
microcirculation by the 
cGMP pathway, Inhibit 
neutrophils infiltration 
and platelet aggregation.  

(Cottart et al., 
2003) 

Table 1. Effect of endogenous NO and NOS on liver IRI 
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7. Efficacy of exogenous NO, nitrite anion and NO donor administration in 
attenuating hepatic IRI 
7.1 Inhaled nitric oxide (iNO) 

Inhaled NO was approved by the U.S. Food and Drug Administration in December 1999, for 
the treatment of Persistent Hypertension of the newborn. Over the last decade, the primary 
advantage of iNO was seen to be its ability to selectively decrease pulmonary vascular 
resistance with minimal effects on systemic blood pressure; however, there is currently 
much interest in exploring its other benefits, including its antioxidant properties and its 
cytoprotective abilities (Zaky et al., 2009). In many animal studies, iNO decreased infarct 
size and left ventricular dysfunction after ischemia-reperfusion injury, increased coronary 
artery patency after thrombosis, increased blood flow in brain, kidney and peripheral 
vasculature, decreased leukocyte adhesion in bowel during ischemia reperfusion, and 
decreased platelet aggregation (McMahon & Doctor, 2006). Date et al reported the use of 
iNO in 15 out of 32 patients who suffered from immediate severe allograft dysfunction with 
iNO at 20 to 60 ppm. The mortality was significantly lower in the iNO group (7% and 24%, 
respectively). The gross benefits reported were that iNO improves oxygenation, decreases 
pulmonary artery pressure, shortens the period of postoperative mechanical ventilation, and 
reduces airway complications and mortality (Date et al., 1996). Likewise, a recent 
retrospective study also presented an improvement of overall respiratory functions. The 
authors encouraged the administration of iNO for the prevention and treatment of early 
graft failure in lung transplant recipients (Yerebakan, Ugurlucan, Bayraktar, Bethea, & 
Conte, 2009). Varadarajan et al were the first group to study the relationship between NO 
metabolism and IRI in human liver transplantation (Varadarajan et al., 2004). From their 
study, they concluded that reduced bioavailability of eNOS contributed to IRI one hour after 
portal reperfusion. On the other hand, iNOS did not contribute to early IRI after human 
liver transplantation. Clinical and mechanistic reports on therapeutic use of iNO 
demonstrating well beyond vascular relaxation, subsequently inactivated by oxy- 
ordeoxyhemoglobin in the red blood cells. iNO has various positive effects on 
extrapulmonary systems. However, how iNO mediates extrapulmonary effects remains 
unclear. Evidence supporting of stable forms of iNO is probably strongest for S-nitrosothiol 
(SNOs) and nitrite (McMahon & Doctor, 2006). In a prospective, blinded, placebo-controlled 
study, iNO at 80 ppm was administered to patients undergoing orthotropic liver 
transplantation (J. D. Lang et al., 2007). Many advantages were reported in the iNO group, 
including reduced platelet transfusion, an improvement in the rate at which liver function 
was restored post-transplantation on, and a decrease in the length of hospital stay. Most 
interesting was the finding of an approximated 75% reduction of hepatocellular apoptosis in 
patients treated with iNO (J. D. Lang et al., 2007). Possible biochemical intermediates of iNO 
including plasma and red blood cell nitrate, nitrite, S-nitrosothiols, C- or N-nitrosamines 
and red blood cell ferrous nitrosylhemoglobin. In this study, a detailed analysis indicated 
that the most likely candidate transducer of iNO on liver IRI was nitrite.  

7.2 iNO delivery systems 

An iNO delivery system should allow for constant and accurate measurements of NO and 
nitrogen dioxide [NO2] concentration in inspired gas as well as minimize the contact time 
between oxygen and NO in order to decrease the feasibility of producing high NO2 
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concentrations. The measurement of iNO and NO2 concentrations can be undertaken using 
chemiluminescence or electrochemical devices. There are some drawbacks of 
chemiluminescence devices such as cost, the need for a relatively high sample volume, noise 
and maintenance difficulties (Mupanemunda & Edwards, 1995). However, an 
electrochemical analyzer is relatively insensitive, and these measurements may be affected 
by pressure, humidity, temperature and the presence of other gases in the environment 
(Macrae et al., 2004). The delivery system should display the pressure of iNO in the cylinder 
and should have a backup power supply to avoid sudden discontinuation of iNO. Inhaled 
NO is usually supplied in nitrogen at various concentrations. The gas mixture concentration 
should be sampled downstream of the input port just proximal to the patient manifold. iNO 
also can be administered via nasal cannula, oxygen mask and oxygen hood (Ambalavanan, 
St John, Carlo, Bulger, & Philips, 2002). Finally, the exhausted gas should be scavenged by 
passing it through carbon and filters, soda lime or activated charcoal (Ambalavanan, El-
Ferzli, Roane, Johnson, & Carlo, 2009).  

7.3 Potential toxicities during inhalation 

In the presence of high concentrations of O2, NO oxidizes to nitrogen dioxide (NO2). NO2 
reacts with the alveolar lining fluid to form nitric acid. NO dissolves in the alveolar lining 
fluid reacts with O2- yielding OONO,- then decomposes into a hydroxyl anion (Pryor & 
Squadrito, 1995). Nitration of tyrosine residues of proteins is used as a marker of oxidative 
stress (Ischiropoulos, 1998). The rate at which NO is oxidized to NO2 depends on the square 
of NO concentration and fractional concentration of oxygen to which it is exposed. The 
Occupational and Health Administration recommend 5 ppm/8 hr/24 hour interval as the 
upper safe limit of human exposure (Fullerton & McIntyre, 1996). In order to protect against 
NO2 toxicity, iNO should be given with the least possible O2 concentration. Inhaled NO and 
NO2 concentrations should be monitored, exhaled gases should be scavenged and a soda 
lime canister should be placed in the inspiratory limb of the breathing circuit. 

7.4 Nitrite 

The simple molecule nitrite had been thought to be just an index of NO production for 
decades (Köken & Inal, 1999). Recently, a number of evidence suggests that nitrite is a pro-
mediator of NO homeostasis. Administration of nitrite at near physiological concentrations 
(<5 μg) leads to vasodilatation in animals and human studies (Fullerton & McIntyre, 1996). 
Gladwin et al observed that nitrite was metabolized across the peripheral circulation. In 
addition, nitrite caused an increase in peripheral forearm blood flow when 80 ppm iNO was 
administered (Shiva & Gladwin, 2009). Under distinct conditions such as hypoxia and 
acidosis, nitrite can be reduced to NO by a number of deoxyhemeproteins (hemoglobin, 
myoglobin, neuroglobin and cytoglobin), enzymes (cytochrome P450 and xanthine 
oxidoreductase), and components of the mitochondrial electron transport chain (Zaky et al., 
2009). Since nitrite can be converted back to NO during hypoxia nitrite therefore is expected 
to be utilized during ischemia reperfusion injury. Furthermore, nitrite shows more potential 
benefits than NO in terms of safety and ease of administration. In other words, nitrite 
concentrations administered need only a small dose in order to increase plasma and tissue 
nitrite level several-fold. Routes of administration are oral, intravenous injection or infusion, 
intraperitoneal, nebulizer or topical (Duranski et al., 2005). Nitrite has now been 



 
Liver Transplantation – Basic Issues 

 

66 

concentrations. The measurement of iNO and NO2 concentrations can be undertaken using 
chemiluminescence or electrochemical devices. There are some drawbacks of 
chemiluminescence devices such as cost, the need for a relatively high sample volume, noise 
and maintenance difficulties (Mupanemunda & Edwards, 1995). However, an 
electrochemical analyzer is relatively insensitive, and these measurements may be affected 
by pressure, humidity, temperature and the presence of other gases in the environment 
(Macrae et al., 2004). The delivery system should display the pressure of iNO in the cylinder 
and should have a backup power supply to avoid sudden discontinuation of iNO. Inhaled 
NO is usually supplied in nitrogen at various concentrations. The gas mixture concentration 
should be sampled downstream of the input port just proximal to the patient manifold. iNO 
also can be administered via nasal cannula, oxygen mask and oxygen hood (Ambalavanan, 
St John, Carlo, Bulger, & Philips, 2002). Finally, the exhausted gas should be scavenged by 
passing it through carbon and filters, soda lime or activated charcoal (Ambalavanan, El-
Ferzli, Roane, Johnson, & Carlo, 2009).  

7.3 Potential toxicities during inhalation 

In the presence of high concentrations of O2, NO oxidizes to nitrogen dioxide (NO2). NO2 
reacts with the alveolar lining fluid to form nitric acid. NO dissolves in the alveolar lining 
fluid reacts with O2- yielding OONO,- then decomposes into a hydroxyl anion (Pryor & 
Squadrito, 1995). Nitration of tyrosine residues of proteins is used as a marker of oxidative 
stress (Ischiropoulos, 1998). The rate at which NO is oxidized to NO2 depends on the square 
of NO concentration and fractional concentration of oxygen to which it is exposed. The 
Occupational and Health Administration recommend 5 ppm/8 hr/24 hour interval as the 
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7.4 Nitrite 

The simple molecule nitrite had been thought to be just an index of NO production for 
decades (Köken & Inal, 1999). Recently, a number of evidence suggests that nitrite is a pro-
mediator of NO homeostasis. Administration of nitrite at near physiological concentrations 
(<5 μg) leads to vasodilatation in animals and human studies (Fullerton & McIntyre, 1996). 
Gladwin et al observed that nitrite was metabolized across the peripheral circulation. In 
addition, nitrite caused an increase in peripheral forearm blood flow when 80 ppm iNO was 
administered (Shiva & Gladwin, 2009). Under distinct conditions such as hypoxia and 
acidosis, nitrite can be reduced to NO by a number of deoxyhemeproteins (hemoglobin, 
myoglobin, neuroglobin and cytoglobin), enzymes (cytochrome P450 and xanthine 
oxidoreductase), and components of the mitochondrial electron transport chain (Zaky et al., 
2009). Since nitrite can be converted back to NO during hypoxia nitrite therefore is expected 
to be utilized during ischemia reperfusion injury. Furthermore, nitrite shows more potential 
benefits than NO in terms of safety and ease of administration. In other words, nitrite 
concentrations administered need only a small dose in order to increase plasma and tissue 
nitrite level several-fold. Routes of administration are oral, intravenous injection or infusion, 
intraperitoneal, nebulizer or topical (Duranski et al., 2005). Nitrite has now been 
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demonstrated to have cytoprotective effects in animal models of ischemia reperfusion in 
organs. Duranski et al evaluated the effects of nitrite therapy in vivo murine models of 
hepatic and myocardial ischemia reperfusion injury and showed that nitrite was associated 
with cytoprotective effects. In the setting, nitrite reduced cardiac infarct size by 67% and 
limited elevations of liver enzymes in a dose-dependent manner. They also demonstrated 
that nitrite was reduced to NO regardless of eNOS and heme oxygenase-1 enzyme activities 
(Duranski et al., 2005). The exact mechanisms of how nitrite protects against the particular 
condition are being explored, but it appears that the benefit is mediated through the 
modulation of mitochondrial function by involving the posttranslational S-nitrosation of 
complex I to attenuate reperfusion oxygen radical generation and prevents cytochrome-C 
release (Shiva & Gladwin, 2009).  

7.5 NO donor drugs 

Since nitric oxide is not considered to be an ideal gas for the treatment of ischemia 
reperfusion injury, NO donor drugs are now being explored as an alternative to the parent 
compound. Novel drugs have been developed and used for the delivery of NO in order to 
compensate for the very short half-life of NO in vivo. However, there are only two types of 
NO donor drugs that are currently used clinically: organic nitrates and sodium 
nitroprusside. Organic nitrates are the most commonly used NO donor drugs treatment for 
coronary artery disease and congestive heart failure because the drugs produce clear clinical 
responses through their vasodilatory effects. Preparations of drugs include: slow release oral 
forms, ointments, transdermal patches, nebulizers and traditional intravenous forms. The 
main limitation of organic nitrates is the induction of drug tolerance with prolonged 
continuous use. NO release from nitroglycerin is likely via the enzyme mitochondrial 
aldehyde dehydrogenase (Yang, Chen, Kong, Xu, & Lou, 2007). On the other hand, the 
mechanism of NO release from sodium nitroprusside is more complex as demonstrated by   

Model Drugs Outcomes Reference 
Canine liver 
IRI 

FK-409,  Promote hepatic tissue blood flow, 
decrease serum Endothelin-1, 
cytoprotection 

(Aiba et al., 
2001) 

Isolated 
hepatocytes 

S-nitroso-N-
acetylpenicillamine 
(SNAP) 

- drug induced the expression of 
heat shock protein 70 mRNA and 
protein resulting in cytoprotection 
from TNFα 

(Y. M. Kim et 
al., 1997) 

Murine liver 
IRI 

Sodium nitroprusside - Promote hepatic tissue blood flow 
after reperfusion  
- cytoprotection 

(Nilsson et 
al., 2001) 

Murine liver 
IRI 

PEG-poly SNO-BSA, 
a sustained release of 
NO 

- Decreased neutrophils 
accumulation  
- Prevented the excessive 
production of iNOS 

(Katsumi et 
al., 2008) 

Murine liver 
IRI 

Macromolecule  
S-nitrosothiols 

Prevented hepatocellular injury (Katsumi et 
al., 2009) 

Table 2. Nitric oxide donors 
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Yang et al in a murine model of hepatic IRI. Sodium nitroprusside is thought to down-
regulate the mRNA expression of several enzymes related to hepatic injury (Katsumi et al., 
2008). Lastly, enhanced eNOS activation affords hepatoprotection during IRI and serves as 
yet another potential treatment option. Interestingly, liver preservation solutions 
supplemented with the agents trimetazidine (TMZ), 5-amino-4-imidazole carboxamide 
riboside (AICAR) or activated protein C (APC) have demonstrated allograft protection 
during conditions of cold ischemia (Katsumi, Nishikawa, Yasui, Yamashita, & Hashida, 
2009). Below, we summarize other novel NO donor drugs in Table 2. 

8. Conclusion 
Ischemia reperfusion injury is a well-defined threat to the liver during periods of 
interruption and restoration of oxygen delivery as occurs in certain procedures as hepatic 
resections and orthotopic liver transplantations. Relative NO deficiency is central in the 
pathogenesis of this injury. Replacing NO per se either by inhalation, nitrate anion or via 
donor drugs represents a novel means in ameliorating IRI. Further randomized controlled 
drugs are needed to evaluate this therapy in patients undergoing operative procedures 
causing IRI.  
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1. Introduction 
The past four decades have witnessed the evolution of liver transplantation exploration 
procedures, and whilst they had witnessed a high mortality and morbidity they now serve 
as a successful therapeutic measure for end-stage liver disease. Nowadays, one year and five 
years survival for elective cases are often in excess of 85%-88% and 70%-75% and with an 
excellent quality of life (Annals of Hepatology, 2010). The remarkable success of liver 
transplantation is due largely to the development of immunosuppressive regimens that are 
highly effective at protecting allografts from acute rejection, and which ensure their survival 
in most cases. Interestingly, early liver transplantation studies with out-bred swine 
demonstrated that a high percentage of recipients maintained their graft in the absence of 
immunosuppression (Calne R Y et al., 1969). Subsequently, the spontaneous tolerance of 
liver allografts was also shown in liver transplantation in several allogeneic rat strain 
combinations and in most allogeneic mouse strain combinations (Farges O et al., 1995; 
Dresske B et al., 2002). As such, and compared with other solid-organ transplants, liver 
allografts have long been considered to be immunologically privileged, as manifest by an 
absence of hyperacute rejection despite a positive T cell cross-match, a low incidence of graft 
loss due to chronic rejection, and the potential for hepatocyte regeneration after tissue 
injury. Finally, in clinical transplantation, there is increasing evidence that some liver 
transplant recipients who cease taking immunosuppressive drugs maintain allograft 
function. Despite this special status, the liver can display destructive immunologic 
processes, since acute liver allograft rejection occurs in approximately 50% to 75% of liver 
transplant recipients (although in the majority of cases it is readily reversed with 
immunosuppressive approaches tailored to treat cellular rejection) (covered in a separate 
CAQ corner). Immunosuppressive drugs, however, also produce significant toxic effects 
that increase patient morbidity and mortality (Lechler R I et al., 2005; Sayegh M H et al., 
2004). Moreover, the current immunosuppressive regimens do not prevent the development 
of chronic rejection, which is a major cause of graft loss. Most studies have also shown that a 
variety of autoimmune diseases with unknown aetiologies target the liver, including 
primary biliary cirrhosis, primary sclerosing cholangitis, autoimmune hepatitis, and biliary 
atresia (Duclos-Vallee J C et al., 2009; Schramm C et al., 2010; Guichelaar MM et al., 2003). 
As such, compared with other solid-organ transplants, liver transplantation is complex, 
having a sometimes paradoxical interaction with the host immune system. Understanding 
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these mechanisms is important, as it aids in the understanding of the clinical features of 
rejection and – hence – in making an early diagnosis and delivering appropriate treatment. 
Knowledge of these mechanisms is also critical in developing strategies to minimise 
rejection and in developing new drugs and treatments that blunt the effects of the immune 
system on transplanted organs, thereby ensuring the longer survival of these organs. The 
next chapter will elaborate on various aspects of liver transplantation immunology. 

2. Types of grafts 
Grafts of different species can cause different degrees of immune response to recipients. 
Generally, the  greater the difference between the species, the more likely that it is that there 
will be a stronger immunological rejection. Accordingly, this section will discuss the types 
of graft. Liver grafts often mainly consist of four types: autograft, isograft, allograft and 
xenograft (Figure 1). The definitions and features of all grafts will be now be described in 
detail and the effects of different grafts on the body's immune system also will be 
introduced.   

 
Fig. 1. Types of grafts 

2.1 Autograft and isograft  

Autograft means ‘self-tissue’ and refers to where on organ is transferred from one body site 
to another within the same individual. In recent years, auto-liver transplantation has been 
operated in some centres, but the number does not exceed one hundred because the 
operation technique is very complex and difficult. The autograft is a promising graft and has 
two advantages: (1) the graft is a tissue or organ already belong to the recipient who has 
spontaneous tolerance to the graft and so may avoid taking immunosuppressive drugs;  
(2) liver shortage is rapidly becoming a major restricting factor on the development of liver 
transplantation, and autografts avoid this problem. An isograft is a tissue or organ which is 
transferred between genetically identical individuals, e.g., liver transplantation between 
identical twins or grafts between mice of the same in-bred strain. This graft has the same 
advantages as the autograft, and it is not necessary to apply immunosuppressive regimens 
to the recipients. In particular, with the development of living donor liver transplantation, 
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this is an excellent graft. Nevertheless, the isograft is fairly uncommon and far from 
universal.   

2.2 Allograft  

An allograft is a tissue or organ which has been transferred between genetically different 
members of the same species. Allografts account for many human transplants, including 
those from cadaveric, living-related and living-unrelated donors. It is also called an 
allogeneic graft or a homograft. With regard to liver transplantation, most grafts are 
allografts. The graft may cause acute rejection and chronic rejection, and as such surgeons 
have to select the optimal match so as to reduce the occurrence of rejection by the ABO 
group and the HLA system.  

2.3 Xenograft 

A xenograft is a tissue or organ which has been transferred between different species. Donor 
shortage imposes the main restricting factor on liver transplantation and the continual 
growth of transplantation has led to significant organ shortages for a long time. At present 
in China – which is a country with a high incidence of liver disease – almost 3,000,000 
patients develop some degree of liver cirrhosis, and about 10% of patients deteriorate to 
end-stage liver cirrhosis or liver cancer. As such, clinicians are often faced with the difficult 
prospect of rationing organs. Furthermore, liver transplantation in urgent cases is usually 
delayed – occasionally with fatal outcomes – until a suitable liver becomes available. Using 
animals as liver donors is a theoretically attractive solution, because it offers a potentially 
inexhaustible source of liver. This is of particular relevance for patients with fulminant liver 
failure who require urgent transplantation. Another potential use of xenografts lies in the 
fact that some animals are immune to certain viruses which may re-infect a human liver 
transplant (hepatitis being a case in point). Xenografts have been applied in the clinical 
region. Starzl's team transplanted two baboon livers into human subjects at Pittsburgh 
(Starzl et al., 1993). Although they did so with good graft function (and this may well result 
in the further development of this approach) the graft is confronted with some problems. 
The first is a problem of theory, such that only about fifty-percent of people support 
xenotransplantation. The second – and the biggest – problem is one of rejection, since 
xenotransplantation often causes hyperacute rejection and leads to graft dysfunction.  

3. Immunological basis of allograft rejection 
With regard to liver transplantation, grafts mainly originate from different members of the 
human species. The genetically encoded immunologically mediated barrier to 
transplantation was recognised and defined over the course of the last century. The 
immunological study of transplantation has played a pivotal role in the development of 
clinical transplantation. Although the first successful liver transplant was between identical 
twins, the development of transplantation as an important facet of modern medical therapy 
required the introduction of immunosuppression so as to prevent and treat the rejection of 
allografts (Liu L U et al., 2002; Yoshizawa A et al., 2006; Braillon A, 2009). The process of 
rejection is very complicated and has been shown to be caused by transplantation antigens, 
including major histocompatibility antigens, minor histocompatibility antigens and other 
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alloantigens. In addition, infiltrating leucocytes also launch the process, and it exhibits 
specificity and memory and is prevented by lymphocyte depletion (Gowans J L, 1962). The 
major histocompatibility complex (MHC) was identified as encoding the dominant 
transplantation antigens, and these were shown to be identical to serologically defined 
human leucocyte antigens (HLA), and subsequently to the elements responsible for the self-
restriction of immunological responses to conventional antigens. The molecular and cellular 
basis of graft rejection will be described in the next section (Figure 2).  

Liver failure

APC

Donor liver

T cell, lymphocytes

Cell activation

Cytokines

rejection

 
Fig. 2. The evolution of the immune response after liver transplantation. MHC, major 
histocompatibility complex; TCR, T cell receptor; APC, antigen presenting cell; IFN, 
interferon; TNF, tumour necrosis factor 

3.1 Cell-mediated rejection of allografts  

After liver transplantation, antibody-mediated, hyperacute vasculitic rejection can occur in 
individuals with preformed antibodies against the donor's MHC class I–encoded antigens. 
Under most other circumstances, acute allograft rejection is initiated by the large number of 
recipient T cells that recognise donor alloantigens (Stefanova I et al., 2003). Thus, the 
transplantation of MHC histoincompatible tissues elicits a strong, cytopathic, T cell-
dependent immune response to donor tissues. By the T cell-dependent pathway to rejection, 
graft alloantigens are processed by specialised antigen presenting cells (APCs). Graft MHC 
molecules are internalised by donor and recipient APCs (Figure 3), following intracellular 
processing, and MHC peptide fragments are presented to the recipient’s T cells 
(Watschinger B, 1995; Afzali B et al., 2008). Antigen presentation involves the engagement of 
these peptide antigenic fragments within a groove on the MHC molecules of the APC 
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surface. Acute cellular rejection is the best-characterised graft-specific form of immune 
rejection. Clinically apparent acute cellular rejection is defined by an often-sudden 
deterioration in allograft function; biopsy analysis of the transplanted tissue shows 
infiltration by host T cells and other mononuclear leucocytes and signs that these infiltrating 
cells have damaged the graft. Despite the routine use of immunosuppressive therapy, acute 
rejection is not rare. Studies show that CD4 and CD8 T cells both participate in acute 
rejection, although the rejection response is mediated primarily by CD4 T cells. CD4 T cells 
are activated by the above direct and indirect pathways, and primarily mediate the rejection 
response (Watschinger B., 1995). Although CD4 T cells are important in rejection, many 
activated CD8 T cells infiltrate the transplant tissue at the time of rejection, along with other 
mononuclear leucocytes (Strom TB et al., 1975). The cells of the innate immune system, such 
as natural killer (NK) cells, are also present in allografts during rejection. NK cells can 
recognise alloantigens because they constitutively express inhibitory receptors that are 
specific for self-MHC class I antigens; in addition, cytokines secreted by activated CD4 or 
CD8 T cells can promote the activation of NK cells, which can initiate and aggravate the 
rejection response (Dollinger MM et al., 1998).  

Graft

A. Direct 
pathway

B. indirect 
pathway

Donor APC Recipient APC

MHC MHCTCR TCRT cell T cell

GraftGraft

A. Direct 
pathway

B. indirect 
pathway

Donor APC Recipient APC

MHC MHCTCR TCRT cell T cell

 
Fig. 3. Pathways of alloantigen presentation. (A) In the direct pathway, recipient T cells 
recognise intact allogeneic MHC molecules on the surface of donor APCs. The direct 
pathway is responsible for the large proportion of T cells that have reactivity against 
alloantigens due to the cross-reactivity of the T cell receptor (TCR) with self and foreign 
MHC molecules. (B) In the indirect pathway, recipient APCs trafficking through the 
allograft phagocytose allogeneic material are shed by donor cells (mostly peptides derived 
from allogeneic MHC molecules) and presented to the T cells on recipient MHC molecules 

3.2 Humoral-mediated rejection of allografts 

The humoral immune response is also important in the mediation of allograft rejection. The 
production of anti-donor MHC antibodies is associated with acute and chronic graft 
damage, usually in the form of graft vasculopathy. These antibodies can damage the graft 
by activating complement and mononuclear cells with Fc receptors that recognise the heavy 
chain of antibodies. Thus, Fc receptor–expressing leucocytes can be activated by antibody-
coated donor cells. Anti-donor antibodies can also directly inhibit signalling cascades within 
endothelial cells (Li F et al., 2009). Humoral-mediated rejection of allografts is often 
observed following kidney, heart and lung transplantation, but liver allografts appear to 
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recover in relation to the development of humoral-mediated rejection. Most transplant 
organs manifest insidious and inexorable dysfunction as time passes. Although this process 
was formerly called ‘chronic rejection’, it is not clear that donor-specific immune rejection is 
the sole or even the primary cause in many conditions (Seetharam A et al., 2010). Pathology 
analysis often reveals fibrosis and atrophy in the absence of infiltration by T cells and other 
mononuclear leucocytes. Potential additional causes for chronic allograft failure include 
viral infection, recurrence of the original disease and drug toxicity. In general, humoral-
mediated rejection of allografts is relatively uncommon in liver transplantation. 

3.3 Memory T cell mediated rejection of allografts 

Following T cell activation and proliferation, homeostasis of the adaptive immune system is 
restored by cell death – via “neglect” – of most antigen-specific T cells. A small number of T 
cells, however, survive and become long-lasting memory cells that ensure protective 
immunity against pathogens. Memory T cells can be divided into central memory and 
effector memory subsets, based on their circulation pattern and functional responsiveness. 
With regard to organ transplantation, upon re-exposure to donor antigens donor-reactive 
memory T cells are more sensitive to antigens, function more rapidly, produce effector 
cytokines, survive longer than naïve T cells and directly or indirectly produce cytolytic 
effects on the transplanted tissue (Ku C C et al., 2000; Sallusto F et al., 2000; Garcia S et al., 
1999 & Barber DL et., 1999). Central memory T cells are responsible for recall antigen 
responses, and effector memory T cells survey peripheral tissues and immediately respond 
to invading pathogens (Sallusto F et al., 2004). As a consequence of continuous exposure to 
foreign antigens, memory T cells accumulate with time and represent approximately 50% of 
the total T cell pool in adults. Recipients who have not received a transplanted graft can still 
generate donor-reactive T cells, which can appear through immunisation by direct exposure 
to alloantigens via pregnancy or blood transfusion (Bingaman A W et., 2002). Furthermore, 
donor-reactive memory T cells can be generated in the absence of alloantigen exposure 
through heterologous immunity. Some memory T cells are therefore primed by an antigenic 
pathogen-derived peptides and cross-react with allogeneic peptides presented by the self or 
the donor MHC molecules. Alloreactive naïve T cells can acquire a memory phenotype and 
generate a substantial pool of donor-reactive memory T cells after transplantation, even 
when a recipient is under immunosuppressive therapy. Furthermore, the use of antibodies 
that deplete host T cells can amplify this phenomenon by inducing homeostatic T cell 
proliferation in response to lymphopenia (Wu Z et al., 2004). Because of their capacity to 
rapidly generate effector immune responses upon rechallenge, memory T cells appear to be 
particularly efficient at mediating allograft rejection (Zheng X X et al., 1999 & Schenk A D et 
al., 2008). In addition, memory T cells are less sensitive than naïve T cells to many 
immunosuppressive strategies. Compared with conventional T cells, memory T cells are less 
sensitive to T cell-depleting antibodies and therapeutics that block the CD28 and CD154 co-
stimulatory signallers which inhibit the mammalian target of rapamycin (Pearl J P et al., 
2005; Vu M D et al., 2006; Adams A B et al., 2003 & Araki K et al., 2009). The effects of 
memory T cells on the allograft response have been well delineated in animal models of 
allograft tolerance, wherein the generation of memory T cells by pre-sensitisation, 
heterologous immunity or homeostatic proliferation prevents the graft-protecting effects of 
most tolerising therapeutic strategies (Koyama I et al., 2007 & Valujskikh A et al., 2002). In 
contrast to human recipients, animals live in the protected environments of transplantation  
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laboratories and do not usually contain substantial numbers of memory T cells. This is one 
of the reasons that may explain the difficulties of translating into the clinic the results of 
protocols capable of creating allograft tolerance in rodent models. But the results cannot be 
applied in clinical conditions. Given the lower efficacy of conventional immunosuppressive 
drugs on activated memory lymphocytes, it is not surprising that memory T cells also exert 
harmful effects in clinical transplantation. In transplant studies, it is clearly understood that 
memory T cells – however they are generated – pose a significant barrier to inducing 
tolerance to allografts (Chalasani G et al., 2002; Zhai Y et al., 2002 & Adams AB et al., 2003). 
Thus, a better understanding of how to target this cell population and the designing novel of 
therapies that inhibit these cells would be beneficial.   
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The CD40/CD154 co-stimulatory pathway is a second important co-stimulatory pathway 
that is critical in the immune response of allotransplantation. CD40 is mainly expressed on 
APCs (including DCs, B cells, and macrophages) but it can also be expressed on nonimmune 
cells (including endothelial cells, mast cells, platelets and epithelial cells). However, CD154 
is mainly expressed on CD4 T cells following activation, and to a lesser extent on NK cells, B 
cells, and CD8 T cells. CD154 combines with CD40, which is critical for the activation of 
DCs, B cells, and macrophages. In DCs, CD40 upregulates interleukin12 (IL-12) production, 
and in macrophages it results in the production of various proinflammatory cytokines. 
CD154 was also detected on Kupffer cells and on sinusoidal macrophages in livers during 
chronic rejection, but not in stable liver allografts or normal liver (Gaweco A S et al., 1999). 

The most widely-used measure to block CD28-B7 interactions has been CTLA-
immunoglobulin (Ig). In the orthotopic rat liver transplantation model, repeated 
administration of CTLA-Ig – beginning with CTLA-Ig in combination with donor splenocytes 
– leads to extended graft survival of >100 days, whereas the delayed administration of 
CTLA4-Ig alone or donor splenocytes alone did not (Neumann U P, et al., 2002). In recent 
years, many studies have shown that B7 cross-linking on APCs by CTLA4-Ig induces 
indoleamine 2, 3-dioxygenase (IDO), which itself inhibits local T cell activation (Mellor A L 
et al., 2003; Li W et al., 2009). Gene therapy approaches to deliver CTLA4-Ig to liver 
allografts have been successfully used in some animal experiments. Adenoviral-mediated 
gene delivery of CTLA4-Ig through ex vivo perfusion of cold preserved livers resulted in 
indefinite survival of rat liver allografts and in the generation of donor-specific 
unresponsiveness (Olthoff K et al., 1998). An interesting report suggests that CD154/CD40 
interaction plays a role in promoting dendritic cell-maturation in the absence of 
CD4+CD25+ regulatory lymphocytes, whilst these cells promote the maintenance of 
immaturity (Serra P et al., 2003; Misra N et al., 2004). This accounts for the importance of DC 
activation, not only by innate immune mechanisms but also by activated T cells. The efficacy 
of anti-CD154 in a rat liver allograft model not only prolongs allograft survival but it was 
also associated with fewer complications (Bartlett AS et al., 2002). These roles underline the 
significant beneficial effects of CTLA4-Ig and anti-CD154 in pre-clinical models of 
transplantation; however, its clinical application has a long way to go for liver transplantation. 

4. Classification and effector mechanisms of allograft rejection 
Allograft rejection mainly involves host-versus-graft reaction in liver transplantation, which 
is the rejection of the transplant by the recipient's body. The recipient's lymphocyte 
mediated reactions to allogeneic or xenogeneic cells – acquired as a graft or otherwise –lead 
to damage and/or the destruction of the grafted cells. The graft rejection has been divided 
into three groups: hyperacute rejection, acute rejection and chronic rejection (Table 1). 

Type of rejection Time taken Cause 
Hyperacute Minutes-hours Pre-existing anti-donor antibodies and complement 

activation 
Acute Days – weeks Primary activation of T cells 
Chronic Months – years Causes unclear: antibodies, slow cellular reactions, 

immune complexes, recurrence of disease. 

Table 1. Different types of graft rejection 
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4.1 Hyperacute rejection 

Hyperacute rejection often occurs within minutes to hours after the host blood vessels are 
anastomosed to graft vessels. The rejection is mediated by pre-existing antibodies specific to 
the graft antigens (including ABO blood type antigens, VEC antigens and HLA antigens). 
Furthermore, these different antigens can activate the complement of the host and lead to 
damage to the endothelial cell. Studies have reported that the process is often accompanied 
with platelets activation and results in thrombosis and vascular occlusion (Fiane A E et al., 
1999). In addition, the massive recruitment of neutrophils occurs, followed by rapid 
inflammation after transplantation. The pathological changes of hyperacute rejection are 
thrombotic occlusion of the graft vasculature ischemia, denaturation and necrosis (Figure 4). 
This rejection is relatively rare in liver transplantation. 

 
Fig. 4. Hyperacute rejection: complement activation, endothelial damage, inflammation, 
thrombosis and vascular occlusion 

4.2 Acute rejection 

Acute rejection occurs within days and up to three months after transplantation (80-90% of 
cases occur within one month). The rejection occurs due to donor HLA interaction with the 
host T cells, creating a cascade of immune responses initiated by that interface. After a solid 
organ transplant, there is an immunological milieu of activity. The mechanisms of the 
process involve abundant immune factors, such as humoral and/or cellular mechanisms 
(Figure 5). Antibodies can injure the graft by activating complement and mononuclear cells 
with Fc receptors that recognise alloantigens on the endothelial cell, resulting in vasculitis. 
Cytotoxic T cells (CD8+) will recognise alloantigens on an antigen presenting cell (APC) by 
direct presentation on the donor tissue and endothelial cells, which promotes the apoptosis 
of transplanted tissue. It has been shown that CD8+ cells alone are sufficient for the 
mediation of acute allograft rejection, but with the help of CD4+ cytokines secretion – such 
as IL-2 – clonal expansion and the expression of cytotoxic attack molecules will be 
upregulated (Kreisel D et al., 2002). The Fas/Fas ligand (FasL) pathway is another death-
inducing pathway which is utilised by CD8+ cells. Whereas FasL is specifically induced 
upon CD8+ cells’ activation, Fas is ubiquitously expressed on lymphoid and non-lymphoid 
tissue, including the liver. The Fas/FasL pathway is thought to play an important role in a 
variety of hepatic pathologies, and there is evidence that this pathway is also active during 
liver allograft rejection (Tannapel A et al., 1999; Ogura Y et al., 2001). Delayed 
hypersensitivity also has an important role in acute rejection, being initiated by alloantigen-
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primed CD4+ cells specific to the donor class II (Carrodeguas L et., 1999). CD4+ cells release 
IFN-γ by re-exposure to specific alloantigens, a proinflammatory cytokine that can cause the 
activation of macrophages and the subsequent release of a variety of inflammatory 
mediators. These inflammatory mediators can augment the cellular anti-graft response or else 
can cause direct tissue damage. The acute rejection relatively occurs after liver transplantation 
is rare. But it has been a challenging process to try to unravel the participation of specific 
effector pathways and their interrelationships in the acute rejection of liver transplantation. 
The pathological features of acute rejection are acute vasculitis and parenchymal cell 
necrosis, along with the infiltration of lymphocytes and marophages (Figure 6).  

 
Fig. 5. Acute rejection: parenchymal cell damage and endotheliitis 

 
Fig. 6. A higher magnification of the previous photomicrograph details the subendothelial 
localisation of lymphocytes and the slight extension of the infiltrate into the perivenular 
hepatic parenchyma (http://tpis.upmc.com/TPIShome/) 

4.3 Chronic rejection 

Chronic rejection is less well-defined than either hyperacute or acute rejection, developing 
months or years after acute rejection reactions have subsided. Chronic rejection is an 
indolent but progressive form of allograft injury that is usually irreversible and which 
eventually results in the failure of most vascularised solid organ allografts. It is the single 
most significant obstacle to morbidity-free long-term survival. By five years after 
transplantation, it affects as many as 30-50% of heart, lung, pancreas and kidney allograft 
recipients, but only 4-8% of patients who undergo liver replacement (Demetris, A J et al., 
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1997). Liver allografts differ from other solid organs in that chronic rejection is potentially 
reversible. This feature has been mainly attributed to its unique immunobiological privilege 
and the regenerative capacity of the process. Livers with chronic rejection have a decreased 
number of bile ducts on biopsy. This is referred to as "vanishing bile duct syndrome" 
(Demetris A et al., 2000). Chronic rejection is characterised by vasculopathy, fibrosis and a 
progressive loss of organ function. It is probably caused by multiple factors, viz., antibodies 
as well as lymphocytes (Figure 7). Chronic rejection may be mediated by a low-grade, 
persistent, delayed hypersensitivity response in which activated macrophages secrete 
mesenchymal cell-growth factors. Of potential importance are the persistent viral infections 
which induce cellular immune responses which in turn may synergise with donor-specific 
alloreactive T cells within the allograft. Chronic rejection may also reflect chronic ischemia 
secondary to the injury of blood vessels by antibody or cell-mediated mechanisms. Vascular 
occlusion may also occur as a result of smooth muscle cell proliferation in the intimae of 
arterial walls. 

 
Fig. 7. Severe or very late-stage chronic rejection can result in the loss of the small branches 
of the hepatic artery, in addition to the loss of bile ducts. Note the lack of bile ducts and lack 
of hepatic artery branches in this portal tract (http://tpis.upmc.com/TPIShome/) 

5. Prevention and treatment of allograft rejection 
Allograft rejection is prevented by graft selection before transplantation, such as ABO blood 
group and HLA matching. Treatment of allograft rejection refers to immunosuppressive 
therapy, involving an immunosuppressive drugs selection and regimen, molecular therapy 
and cellular therapy.  These related factors will be briefly described in this section. 

5.1 Graft selection 

The majority of liver transplant centres regard blood group compatibility as the primarily 
immunological selection criterion. A liver from a donor with a compatible ABO and Rh 
blood group is easy and feasible, with well-documented reports of this being performed in 
urgent situations (Gordon R D et al., 1986). In recent years, many transplantation centres 
have also carried out the operation with ABO-incompatible grafts, and the outcomes of 
ABO-incompatible liver transplantations have been similar to that of blood-type-matched 
transplantations in some centres. However, infection is the major cause of morbidity and 
mortality after ABO-incompatible liver transplantation (Tanabe M et al., 2010). At present, 
the transplantation of compatible but not identical livers is common practice, especially for 
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recipients with the less common blood groups. Interestingly, the results of ABO identical 
grafts were slightly better than the ABO compatible but non-identical grafts (Gugenheim J et 
al., 1990). An occasional complication with compatible, non-identical grafts is the occurrence 
of allograft rejection, due to the immunocompetent passenger lymphocytes within the 
transplanted liver producing antibodies against the recipient erythrocytes. It is well-
established that renal transplantation in the presence of donor-specific cytotoxic antibodies – 
demonstrated by a positive cross-match – will result in rapid graft loss. However, the liver 
behaves in a totally contrary manner. In addition, the major histocompatibility antigens 
have a well-documented role in renal transplantation. However, early studies of liver 
transplantation in pigs implied that the liver may be a privileged organ exhibiting minimal 
rejection, with some grafts surviving without immunosuppression. This special feature 
prompted surgeons to ignore HLA-matching in patient selection for donor shortages. 
Retrospective data has not shown any clear survival advantages associated with good HLA-
matching (Navarro V et al., 2006). Interestingly, some studies suggest that there is a clear 
disadvantage with certain aspects of HLA-matching. The largest series from Pittsburgh, 
involving more than 500 transplants, concludes that overall graft survival is actually 
reduced in grafts matched for HLA (Markus BH et al., 1988). 

5.2 Immunosuppressive therapy 

The liver is a privileged organ with a lower incidence of rejection than other organs, but 
immunosuppressive regimens are nonetheless required to control the alloreactive T-
lymphocyte response after transplantation. In the 1990s, acute liver rejection occurred in up 
to 60% [1] of patients, without compromising graft or and patient survival (Neuberger J, 
1999). Since 2000, the incidence of acute liver rejection has decreased to 15% of recipients. 
The incidence of chronic rejection is also declining, and most centres report current rates of 
4% to 8%, whereas in the 1990s, rates of 15% to 20% were observed (Neuberger J, 1999).This 
decrease correlated with the use of new immunosuppressive drugs and improvements in 
treatment-management. 

Over the last three decades, the number and types of immunosuppressive agents available 
to clinicians have increased considerably. The immunosuppressive therapy used in liver 
transplantation includes agents such as corticosteroids, calcineurin inhibitor (CNI), 
antimetabolites, inhibitors of TOR, and monoclonal and polyclonal antibodies which have 
different patterns of action (Figure 9) (Beaudreuil S et al., 2007). Corticosteroids are a class of 
steroid hormones that are produced in the adrenal cortex. Corticosteroids are involved in a 
wide range of physiological systems, including stress-response, immune-response and the 
regulation of inflammation. The drugs are hydrophobic, which enables them to enter the cell 
by membrane diffusion. They then form complexes with cytosolic receptors, leading to their 
translocation to the nucleus where they bind to glucocorticoid-response elements in the 
promoter regions of cytokine genes, thereby blocking T cell-mediated cytokine expression. 
Thus, corticosteroids have been a mainstay of treatment during the early days after 
transplantation, but as immunosuppressive agents they are often accompanied by many 
side-effects within a few years. Calcineurin inhibitor is the first routinely employed 
immunosuppressive agent, including cyclosporine A (CyA) and tacrolimus (FK-506). CyA 
selectively inhibits T lymphocyte proliferation by forming a complex with cyclophilin. This 
complex can inhibit the calcium and calmodulin-dependent phosphatase calcineurin.  
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Fig. 9. Pattern of T cell activation and targeting of mainly immunosuppressors. Signals 1, 2 
and 3 for T cell activation are shown with a number. The drug targets used in tolerance 
protocols are shown with blue arrow 

Calcineurin is a key enzyme involved in controlling the transcription of IL-2 and other 
cytokines (Friman S et al., 1996). Therefore, impairing IL-2 transduction has a profound 
effect on the immune process of rejection by inhibiting calcineurin. However, the CyA 
metabolism is complex in liver transplant patients. Because it is metabolised primarily in the 
intestine and the liver, it increases the burden on the liver and even results in liver failure. 
Fk506 is very similar in action to CyA, but it is substantially more potent. It acts by binding 
to the FK-binding protein 12. The complex formed inhibits calcineurin, which regulates the 
transcription of the genes encoding IL-2, IL-3, IL-4, IL-8, as well as various chemotactic 
factors (Komolmit P et al., 1999). The side-effects of Fk506 are similar to those of CyA. In 
clinical practice, given the initial impairment of liver function and the frequent renal failure 
observed in the postoperative period, physicians should delay the administration of CyA or 
FK-506, with no impact on the outcome of liver transplantation or the occurrence of allograft 
rejection. Antimetabolites were not initially used in liver transplantation. Mycophenolate 
mofetil (MMF) – as a new antimetabolite molecule – has been shown to inhibit T and B cell 
proliferation, making it possible to reduce the rate of acute rejection in renal transplantation. 
These antimetabolites can be used together with an antibody against the IL2 receptor, 
delaying the introduction of CINs. These findings rapidly led to the use of these drugs in 
liver transplantation. Combination therapy with tacrolimus and MMF may significantly 
reduce the incidence of acute liver allograft rejection, allow a significant reduction in 
tacrolimus dosage, and decrease the incidence of nephrotoxicity (Eckhoff D E et al., 1998). In 
addition, the side-effects of MMF were relatively few. Inhibitors of TOR mainly include 
Rapamicine and Everolimus. Rapamicine is a macrocyclic triene antibiotic that is 
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structurally similar to tacrolimus. It forms a complex with the FK506-binding protein but it 
does not inhibit calcineurin. The complex blocks the cytokine response to T cell and B cell 
activation, preventing cell cycle progression and proliferation. Its principal side-effects are 
leukopenia, thrombocytopenia, high serum cholesterol and triglyceride levels, anaemia, 
lymphocele, wound dehiscence and mouth ulcers (Levitsky J., 2011). The biggest advantage 
of Rapamicine is associated with the lack of any significant nephrotoxicity (Vivarelli M et al., 
2010). Compared with Rapamicine, Everolimus has greater bioavailability and a shorter 
half-life. The antibodies used in transplantation may be monoclonal or polyclonal. At 
present, monoclonal antibodies primarily include IL-2R antibodies and anti-CD52 
antibodies. Two humanised IL-2R antibodies have been put on the market: basiliximab and 
daclizumab, which inhibit T cell proliferation by the competitive antagonism of IL-2-
induced T cell proliferation, and they are accompanied with very few side-effects. OK3 is 
also currently the most widely-used monoclonal antibody, which binds to part of the T cell 
receptor (CD3) complex. The major impact of OK3 has been in the reversal of steroid-
resistant, acute rejection (Cosimi A B et al., 1981). Polyclonal antibodies are IgG fractions 
from animals inoculated with human lymphocytes, thymocytes or cultured lymphoblast. 
Polyclonal antibodies have more profound and long-lasting biological depleting effects than 
other antibodies (Rebellato L M). However, polyclonal antibodies often induce the over-
suppression of the immune system, increasing the risk of infectious diseases, 
lymphoproliferative syndrome and tumours. 

There are significant variations in the regimens for immunosuppressive therapy used by 
different liver transplant centres. In general, most regimens include corticosteroids plus one 
calcineurin inhibitor, such as CyA or FK506. Anti-proliferative agents are often used in the 
first few months, with the patients also receiving bitoherapy with low doses of CIN and 
steroids. In liver transplantation, physicians tend to withdraw steroids within a few years 
due to their many side-effects. In addition, a study compared two groups of patients, one 
given induction therapy based on anti-thymocyte globulin (ATG) and FK506 without 
steroids, and the other treated with FK506, MMF and steroids. A graft survival of one-and-a-
half years was 89% in both groups. However, rejection-rates were significantly lower in the 
group that was treated without steroids than in the group that was treated with steroids 
(Eason JD et al., 2001). Calcineurin inhibitor treatment often caused renal failure by 
nephrotoxicity. Studies have shown that up to 21% of patients were found to have 
developed chronic renal failure within five years of receiving a non renal transplant (Ojo AO 
et al.,2003). A recent report has shown that Sirolimus-based immunosuppressive therapy is 
a safe, effective replacement agent for primary immunosuppressive therapy in liver 
transplant recipients with FK506-related chronic renal insufficiency (Yang YJ et al., 2008). 
Furthermore, the addition of MMF to the regimen, and the reduction of the dose of 
calcineurin inhibitor by more than 50%, has been shown to improve renal function. 

5.3 Prospective of using recipients T regulatory cell 

In fact, the immunosuppression regimens used in liver transplantation were historically 
derived from those used in renal transplantation. Immunosuppressive regimens are 
required to control the allogeneic response in clinical liver transplantation, but they may 
also lead to severe complications, such as infectious diseases, cancers, cardiovascular 
diseases and – for treatments involving calcineurin inhibitors – chronic renal insufficiency.  
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half-life. The antibodies used in transplantation may be monoclonal or polyclonal. At 
present, monoclonal antibodies primarily include IL-2R antibodies and anti-CD52 
antibodies. Two humanised IL-2R antibodies have been put on the market: basiliximab and 
daclizumab, which inhibit T cell proliferation by the competitive antagonism of IL-2-
induced T cell proliferation, and they are accompanied with very few side-effects. OK3 is 
also currently the most widely-used monoclonal antibody, which binds to part of the T cell 
receptor (CD3) complex. The major impact of OK3 has been in the reversal of steroid-
resistant, acute rejection (Cosimi A B et al., 1981). Polyclonal antibodies are IgG fractions 
from animals inoculated with human lymphocytes, thymocytes or cultured lymphoblast. 
Polyclonal antibodies have more profound and long-lasting biological depleting effects than 
other antibodies (Rebellato L M). However, polyclonal antibodies often induce the over-
suppression of the immune system, increasing the risk of infectious diseases, 
lymphoproliferative syndrome and tumours. 

There are significant variations in the regimens for immunosuppressive therapy used by 
different liver transplant centres. In general, most regimens include corticosteroids plus one 
calcineurin inhibitor, such as CyA or FK506. Anti-proliferative agents are often used in the 
first few months, with the patients also receiving bitoherapy with low doses of CIN and 
steroids. In liver transplantation, physicians tend to withdraw steroids within a few years 
due to their many side-effects. In addition, a study compared two groups of patients, one 
given induction therapy based on anti-thymocyte globulin (ATG) and FK506 without 
steroids, and the other treated with FK506, MMF and steroids. A graft survival of one-and-a-
half years was 89% in both groups. However, rejection-rates were significantly lower in the 
group that was treated without steroids than in the group that was treated with steroids 
(Eason JD et al., 2001). Calcineurin inhibitor treatment often caused renal failure by 
nephrotoxicity. Studies have shown that up to 21% of patients were found to have 
developed chronic renal failure within five years of receiving a non renal transplant (Ojo AO 
et al.,2003). A recent report has shown that Sirolimus-based immunosuppressive therapy is 
a safe, effective replacement agent for primary immunosuppressive therapy in liver 
transplant recipients with FK506-related chronic renal insufficiency (Yang YJ et al., 2008). 
Furthermore, the addition of MMF to the regimen, and the reduction of the dose of 
calcineurin inhibitor by more than 50%, has been shown to improve renal function. 

5.3 Prospective of using recipients T regulatory cell 

In fact, the immunosuppression regimens used in liver transplantation were historically 
derived from those used in renal transplantation. Immunosuppressive regimens are 
required to control the allogeneic response in clinical liver transplantation, but they may 
also lead to severe complications, such as infectious diseases, cancers, cardiovascular 
diseases and – for treatments involving calcineurin inhibitors – chronic renal insufficiency.  
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T regulatory cells (Tregs), a subset of CD4+CD25+Foxp3+ lymphocytes, have the functional 
ability to suppress alloimmune responses both in vitro and in vivo. Increasing evidence from 
animal transplant research shows that Tregs can play a key role in promoting 
immunological unresponsiveness to allograft transplants (Pilat N et al., 2010; Webster KE et 
al., 2009). Regulatory T cells are the key cell-types in the induction of immune tolerance, and 
so the modulation of such cells may provide new strategies in creating transplant tolerance. 
However, there are several challenges to translating Tregs into the clinic. Tregs only account 
for about 5-10% of the total CD4+ T cells in the periphery, the limitation of cell number 
restricted the clinical application. There are a number of studies demonstrating the 
functional instability of Tregs in vivo, which can become IL-17 producing T effector cells in 
the presence of IL-6 (Yang XO et al., 2008). Furthermore, T effector cells activated under 
inflammatory conditions are highly resistant to Tregs-mediated suppression (Korn T et al., 
2007). Concerning the Tregs, there are two broad approaches to the use of Tregs to promote 
transplant tolerance. The first is to expand Tregs in vitro and then apply expanded Tregs as a 
cell therapy in vivo. The advantage of this approach is that antigen-specific Tregs can be 
created in vitro using donor antigens. The second approach is to selectively and specifically 
stimulate in vivo, by taking advantage of fundamental differences between the biology of 
Tregs and T effector cells. In general, Tregs are a promising substance for the achievement of 
transplant tolerance.  

6. Conclusion 
The remarkable success of liver transplantation over the last four decades is due largely to 
the development of immunosuppressive regimens that are highly effective in protecting 
allografts from acute rejection, and that ensure their survival with a high quality of life in 
most cases. However, current immunosuppressive regimens do not prevent the 
development of chronic rejection, which constitutes a major cause of graft loss. In addition, 
these regimens may also lead to severe complications. This chapter mainly describe s the 
basic concepts of transplant immunology, the immunological basis of allograft rejection and 
the prevention and treatment of allograft rejection. In general, the immunological system of 
liver transplantation is very complex, and allograft tolerance has been well-established in 
experimental transplantation models; however, clinical operational tolerance will need to be 
further developed. Fortunately, Tregs may constitute a promising substance for achieving 
clinical operational tolerance by various modes of analysis. Furthermore, the clinical 
assessment of tolerance has been limited to laboratory-based evaluations of liver function 
and immunosuppressive agents’ levels, and more precise clinical assessments should have 
been well-established.  
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1. Introduction 
Organ transplantation is the act of transferring organs from donors to recipients. Thus, the 
malfunction of an organ system can be corrected with the transplantation of an organ; 
organs that have successfully been transplanted include the kidney, liver, heart, lung, and 
pancreas. Over the past 50 years, the medical community has witnessed great advances in 
the care of liver transplant recipients, including new immunosuppression modalities, 
therapies for chronic rejection, and improved operative and preservation techniques. 
However, the immune system remains the most formidable barrier for clinicians to perform 
transplantations as a routine form of medical treatment[1].  

The immune system has developed elaborate and effective mechanisms to combat foreign 
agents, including antigens derived transplantation; thus, in transplant recipients, 
transplantation elicits a complex series of immunological processes. Rejection results when a 
pathologic and intense inflammatory response develops, or when repair and remodeling of 
tissues fails. Knowledge of these mechanisms is important to understand the clinical 
features of rejection, which enables early diagnosis and the delivery of appropriate 
treatments[1]. These mechanisms are generally categorized as inflammation, immunity, 
tissue repair, and structural reinforcement of damaged tissues. Comprehension of these 
mechanisms is also critical for the development of novel drugs, treatments, and strategies to 
minimize rejection and inhibit the effects of the immune system on transplanted organs, 
helping to extend the survival and functionality of transplanted organs[2].  

The introduction of routine pretransplant screening of graft recipients for anti-donor 
antibodies has made hyperacute rejection rare. However, no accepted therapeutic strategy to 
treat chronic rejection is currently recognized. The control of acute rejection has been the 
primary aim of immunosuppression, thereby allowing tissue repair to progress[3].  

The use of combination immunosuppressive therapy has evolved over time. With all the 
successes of immunosuppressive therapies comes the obligation to tailor treatments to meet 
the individual patient's characteristics and to balance the risks and benefits of these 
medications. 

Transplantation tolerance could eliminate many of the adverse events associated with 
immunosuppressive agents. Safe and reliable strategies for the induction of full tolerance 
have not yet been developed. However, methods to induce states of "partial tolerance" have 
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been discovered, where lower-than-conventional amounts of ongoing pharmacologic 
immunosuppression are needed[3, 4]. Although the induction of immunologic tolerance has 
been achieved and studied in numerous laboratory animal models, immune tolerance 
remains an elusive goal of transplantation immunology and clinical organ transplantation. 

2. History of immunosuppression 
Early efforts at transplantation were unsuccessful because of inadequacies in surgical 
techniques and a fundamental lack of knowledge regarding the immune system. The 
development of immunosuppressive drug treatments enabled organ transplantation and 
improved the survival of transplanted organs since the first liver transplant by Dr. Thomas 
E. Starzl in 1963. Since then, many new and progressively more selective immunosuppressive 
agents and treatment strategies have been developed. As knowledge of the immune system 
evolved, therapies that targeted specific immunoregulatory organs enabled the ability to 
prolong life through organ transplantation. Initial attempts at immunosuppression were 
with total body radiation, but all of the patients died. In 1949, corticosteroids were used to 
treat autoimmune disorders and to prevent allograft rejection. Since then, many new and 
progressively more selective immunosuppressive agents have been developed. These 
therapies have enabled organ transplantation and improved the survival of transplanted 
organs. In 1959, cyclophosphamide was demonstrated to suppress antibody production and 
was used for bone marrow transplantation. In the 1960s, azathioprine (AZA) was found to 
delay organ graft rejection and was used to suppress the rejection of transplanted kidneys. 
The first polyclonal anti-lymphocyte globulin was used in 1967, and it spawned the 
development of other polyclonal and monoclonal antibodies for immunosuppressive 
therapy. After the first initially successful series of transplantations were performed 
between 1962 and 1964 in Denver, Colorado, the combination of azathioprine and steroids 
came into widespread use, becoming part of the primary immunosuppressive regimen for 
the next 20 years. The T cell-inhibiting properties of cyclosporine, a calcineurin inhibitor, 
were discovered in 1976. Subsequently, cyclosporine (Sandimmune and later, Neoral) was 
introduced in the 1980s, when it was used in combination with azathioprine and steroids to 
prevent rejection in allograft transplants. Its use was credited with a dramatic improvement 
in graft survival. In 1969, methotrexate was shown to inhibit antibody production and the 
development of delayed hypersensitivity in guinea pigs[5]. 

The development of mycophenolate mofetil (MMF), an inosine 5'-monophosphate 
dehydrogenase (IMPDH) inhibitor, began in 1982, and research continues on other IMPDH 
inhibitors. Mycophenolate mofetil rapidly replaced azathioprine almost universally. The 
next advance occurred in 1987, with the introduction of tacrolimus (FK506) to inhibit 
interleukin (IL)-2 production and lymphocyte proliferation. Tacrolimus has gradually 
supplanted cyclosporine in many transplant centers. Interest in the antibiotic sirolimus 
(SRL), which is also known as rapamycin, was renewed in the 1980s when it was shown to 
prevent allograft rejection. 

Other immunosuppressive agents and their dates of discovery include mizoribine in 1981, 
leflunomide in 1978, deoxyspergualin in 1981, muromab-CD3 (OKT3) in 1985, brequinar in 
1986, azodicarbonamide in 1989, vitamin D analogs such as MC1288 in 1991, and 
bisindolylmaleimide VIII in 1999. Other agents that were developed include Minnesota anti-
lymphocyte globulin and anti-thymocyte globulin (ATG)[6].   
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3. Clinical stages of rejection  
Rejection is the consequence of the recipient's alloimmune response to the non-self antigens 
expressed in donor tissues[7]. Clinically, it can be divided into the following three stages: 

3.1 Hyperacute rejection 

In hyperacute rejection, the transplanted tissue is rejected within minutes to hours after graft 
implantation because transplant patients are serologically presensitized to nonself graft 
antigens, which are known as alloantigens. Histologically, numerous polymorphonuclear 
leukocytes (PMNs) exist within the graft vasculature and are associated with widespread 
microthrombi formation and platelet accumulation. Little or no leukocyte infiltration occurs. 
Hyperacute rejection is humorally mediated and occurs because the recipient has pre-
existing antibodies against graft-derived antigens, which can be induced by prior blood 
transfusions, multiple pregnancies, prior transplantation, or xenografts. The antigen-
antibody complexes activate the complement system, causing massive thrombosis in the 
capillaries, which prevents graft vascularization. The liver is relatively resistant to 
hyperacute rejection. Although this may be due to its dual blood supply, it is more likely 
because of incompletely understood immunologic properties. Hyperacute rejection has 
become relatively rare since the introduction of routine pretransplantation screening of graft 
recipients for anti-donor antibodies. 

3.2 Acute rejection 

Acute rejection can occur within 24 hours of graft implantation and continue over a period 
of days to weeks. Acute rejection commonly manifests within the first 6 months after 
transplantation.  

Acute cellular rejection is mediated by lymphocytes that have been activated against donor 
antigens, primarily in the lymphoid tissues of the recipient. Graft antigens are recognized by 
T cells and the resulting release of cytokines eventually leads to tissue distortion, vascular 
insufficiency, and cell destruction. Histologically, leukocytic infiltration that is dominated 
by equivalent numbers of macrophages and T cells is observed within the interstitium. The 
donor dendritic cells, which are also called passenger leukocytes, enter the circulation and 
function as antigen-presenting cells (APCs).  

The primary aim of immunosuppression has been to control acute rejection by allowing 
time for tissue repair to occur. Most combination therapies block T-cell activation by 
providing intense immunosuppression during the immediate post-transplantation period 
known as the induction phase. Later, during the immunosuppressive maintenance phase, 
multiple-drug cocktails are administered to maintain a state of low- or nonresponsiveness to 
the allograft.  

3.3 Chronic rejection 

Chronic rejection develops months to years after acute rejection episodes have subsided. 
Chronic rejections are both antibody- and cell-mediated. The use of immunosuppressive 
drugs and tissue-typing methods has increased the survival of allografts in the first year, but 
chronic rejection remains unpreventable in most cases[5].  
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Although chronic rejection appears as fibrosis and scarring in all transplanted organs, the 
specific histopathological picture depends on the organ transplanted. In liver transplants, 
chronic rejection is characterized by vanishing bile duct syndrome. Histologically, 
progressive neointimal formation occurs within large and medium arteries and, to a lesser 
extent, within the veins of the graft. Leukocyte infiltration usually is mild or absent. These 
processes result in reduced blood flow, with subsequent regional tissue ischemia, fibrosis, 
and cell death. In chronic rejection, pathologic tissue remodeling results from 
peritransplant and posttransplant trauma. Cytokines and tissue growth factors induce 
smooth muscle cells to proliferate, migrate, and produce new matrix material. Interstitial 
fibroblasts are also induced to produce collagen. The factors that can increase the risk of 
chronic rejection include previous episodes of acute rejection, inadequate 
immunosuppression, extended periods of cold ischemia, the development of 
posttransplant infections such as cytomegalovirus (CMV), initial delayed graft function, 
and organ reperfusion injury. 

Currently, unless inadequate immunosuppression is the cause of rejection, no accepted 
therapeutic strategies exist for the reversal of chronic rejection. The CD40 and CD28 
pathways have been proposed as being important in initiating T-cell responses and 
lowering T-cell activation thresholds, respectively. Therefore, blocking T-cell costimulation 
has been proposed to improve long-term outcomes. 

4. Mechanisms of rejection 
The immune response to a transplanted organ consists of both cellular (lymphocyte-
mediated) and humoral (antibody-mediated) mechanisms. The evolving understanding of 
liver allograft rejection was reviewed by Eksteen[23]. 

4.1 Acute humoral rejection 

Humoral rejection is a form of allograft injury and subsequent dysfunction that is primarily 
mediated by antibodies and complement. The antibodies involved are either preformed 
antibodies or anti-donor antibodies that develop following transplantation. Proteinuria is 
associated with donor-specific antibody detection; it is likely an important factor in the 
rapid decline in glomerular filtration rates and early graft failure in patients that develop de 
novo anti-HLA antibodies. The presence of even low levels of donor-specific antibodies, 
which may not be detected by complement-dependent cytotoxic and flow cytometry 
crossmatches, have been shown to be associated with inferior allograft outcomes. These 
patients may require augmented immunosuppression. 

Following transplantation, the inactive product C4d from the classical complement 
activation pathway is deposited in peritubular capillaries (PTC); immune detection of this 
product in allograft biopsies is used for the diagnosis of antibody-mediated rejection. 
However, one study reported substantial fluctuations in C4d Banff scores in the first year 
following transplantation[8]; these authors suggested that these results may reflect the 
dynamic and unpredictable nature of the humoral process. Thus, C4d by itself may not  
be a sufficiently sensitive indicator, and detection of microvascular inflammation  
utilizing donor-specific antibodies may be more useful for diagnosing antibody-mediated 
rejection.  
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4.2 T cell-mediated rejection 

Although other cell types are also involved, T cells are central in graft rejection. The rejection 
reaction consists of the sensitization stage and the effector stage.  

Sensitization stage 

In this stage, CD4 and CD8 T cells, via their T-cell receptors, recognize the alloantigens 
expressed on the cells of the foreign graft. Two signals are needed for antigen recognition; 
the first is provided by the interaction of the T cell receptor with the antigen presented by 
an MHC molecule, while the second signal is provided by a costimulatory 
receptor/ligand interaction. Of the numerous costimulatory pathways, the interaction of 
CD28 on the T cell surface with its APC surface ligands, B7-1 or B7-2 (commonly known 
as CD80 or CD86, respectively), has been most studied. In addition, cytotoxic T 
lymphocyte–associated antigen-4 (CTLA4) on T cells also binds to these ligands, 
providing an inhibitory signal. Other costimulatory molecules include CD40 and its 
ligand, CD40L (CD154)[9, 10].  

Typically, the helices of the MHC molecules form the peptide-binding groove and are 
occupied by peptides derived from normal cellular proteins. Thymic or central tolerance 
mechanisms (clonal deletion) and peripheral tolerance mechanisms, such as anergy, ensure 
that these self-peptide MHC complexes are not recognized by T cells, thereby preventing 
autoimmune responses.  

At least 2 distinct, but not necessarily mutually exclusive, pathways of allorecognition exist: 
the direct and indirect pathways. Each leads to the generation of different sets of allospecific 
T cell clones.  

4.3 Direct pathway 

In the direct pathway, host T cells recognize intact allo-MHC molecules on the surface of the 
donor cells or APCs. Mechanistically, host T cells see allo-MHC molecule + allo-peptide as 
being equivalent in shape to self-MHC + foreign peptide; therefore, host T cells recognize 
the donor tissue as foreign. This pathway is presumably the dominant pathway involved in 
early alloimmune responses.  

The transplanted organ carries a variable number of passenger APCs in the form of 
interstitial dendritic cells. Such APCs have a high density of allo-MHC molecules and are 
capable of directly stimulating recipient T cells. The relative number of T cells that 
proliferate on contact with allogeneic or donor cells is extraordinarily high compared to the 
number of clones that target antigens presented by self-APCs. Thus, this pathway is 
important in acute allorejection.  

4.4 Indirect pathway 

In the indirect pathway, T cells recognize processed alloantigens that are presented as 
peptides by self-APCs. Secondary responses such as those that occur in chronic or late acute 
rejection are associated with T cell proliferative responses to a more variable repertoire, 
including peptides that were previously immunologically silent. Such a change in the 
pattern of T cell responses has been termed epitope switching or spreading.  
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A link between self-MHC + allopeptide-primed T cells and the development of acute 
vascular rejection has been demonstrated to be mediated in part by accelerated alloantibody 
production. In addition, chronic allograft vasculopathy may be mediated by T cells primed 
by the indirect pathway[11].  

4.5 Molecular mechanisms of T cell activation 

During T cell activation, membrane-bound inositol phospholipid is hydrolyzed into 
diacylglycerol (DAG) and IP3. This increases the concentration of cytoplasmic calcium. The 
elevation in calcium promotes the formation of calcium-calmodulin complexes that activate 
a number of kinases as well as protein phosphatase IIB or calcineurin. Calcineurin 
dephosphorylates cytoplasmic nuclear factor of activated T cells (NFAT), permitting its 
translocation to the nucleus, where it binds to the IL-2 promoter sequence and stimulates 
transcription of IL-2 mRNA. Numerous other intracellular events, including protein kinase 
C (PKC) activation by DAG and the activation of nuclear factor kappa B (NF-κB) also occur 
at the molecular level[10].  

Effector stage 

Alloantigen-dependent and -independent factors contribute to the effector mechanisms. 
Initially, nonimmunologic "injury responses" (ischemia) induce a nonspecific inflammatory 
response. Because of this, antigen presentation to T cells is increased because of the 
upregulated expression of adhesion molecules, MHC class II, chemokines, and cytokines. It 
also promotes the shedding of intact, soluble MHC molecules that may activate the indirect 
allorecognition pathway. After activation, CD4 T cells initiate macrophage-mediated 
delayed type hypersensitivity (DTH) responses and provide help to B cells to initiate 
antibody production.  

Various T cells and T cell-derived cytokines such as IL-2 and IFN-γ are upregulated early 
after transplantation. Later, ß-chemokines, including regulated upon activation, normal T 
cell expressed and secreted (RANTES), IP-10, and MCP-1 are expressed, promoting intense 
macrophage infiltration of the allograft. IL-6, TNF-α, inducible nitric oxide synthase (iNOS) 
and growth factors also play a role in this process. Growth factors, including TGF-ß and 
endothelin, cause smooth muscle proliferation, intimal thickening, interstitial fibrosis, and, 
in the case of the kidney, glomerulosclerosis.  

Endothelial cells activated by T cell–derived cytokines and macrophages express MHC class 
II, adhesion molecules, and costimulatory molecules. Therefore, these cells can present 
antigen and recruit more T cells, amplifying the rejection process. CD8 T cells mediate cell-
mediated cytotoxicity reactions by inducing cell lysis or apoptosis.  

4.6 Apoptosis 

The final common pathway for cytolytic processes is the triggering of apoptosis in the target 
cell. After CTL activation, CTLs produce cytotoxic granules that contain perforin and 
granzymes. At the time of target cell identification and engagement, these granules fuse 
with the effector cell membrane and extrude their content into the immunological synapse. 
By a yet unknown mechanism, the granzymes are inserted into the target cell cytoplasm 
where granzyme B triggers apoptosis through several different mechanisms, including the 
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direct cleavage of procaspase-3 and the indirect activation of procaspase-9. This has been 
shown to play the dominant role in apoptosis induction in allograft rejection.  

Alternatively, CTLs can also use the Fas-dependent pathway to induce cytolysis and 
apoptosis. The Fas pathway is also important in limiting T cell proliferation in response to 
antigenic stimulation; this is known as fratricide between activated CTLs. Cell-mediated 
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humans, the NK cell-mediated graft-versus-host alloresponse has been used for its potent 
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receptors that are inhibited by donor MHC have a decreased risk of liver transplant 
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graft and may play a major role in resistance to tolerance induction. The development of 
methods to blunt innate immune responses, which has potential implications for a wide 
variety of diseases, is likely to have a significant impact on transplantation as well.  

5. Minimizing rejection 
Rejection is the consequence of the recipient's alloimmune response to the nonself antigens 
expressed in donor tissues. Although rejection cannot be completely prevented, a degree of 
immune tolerance to the transplant can develop. Several concepts have been postulated to 
explain the development of partial tolerance. They include clonal deletion, the development 
of anergy in donor-specific lymphocytes, development of suppressor lymphocytes, and the 
production of factors that down-regulate the immune response against the graft. Other 
hypotheses include the persistence of donor-derived dendritic cells in the recipient that 
promote an immunologically mediated chimeric state between the recipient and the 
transplanted organ.  

Tissue typing or crossmatching is performed prior to transplantation to assess donor-
recipient compatibility for human leukocyte antigen (HLA) and ABO blood group.  

The ABO blood group compatibility is tested first because incompatibility between the 
blood groups leads to rapid rejection. In the lymphocytotoxicity assay, patient sera are 
tested for reactivity with donor lymphocytes. A positive crossmatch is a contraindication for 
transplantation because of the risk of hyperacute rejection. The lymphocytotoxicity assay is 
used mainly for kidney transplantation.  

The panel-reactive antibody (PRA) test screens the serum of a patient for lymphocytic 
antibodies against a random cell panel. Patients with prior transfusions, transplants, or 
pregnancies may have a high degree of sensitization and are less likely to have a negative 
crossmatch with a donor. A reduced risk of sensitization at the time of a second transplant 
has been observed when a more potent immunosuppression therapy comprised of rabbit 
anti-thymocyte globulin, tacrolimus, and mycophenolate mofetil/sodium is utilized for 
nonsensitized primary kidney or kidney/pancreas transplant patients. Mixed lymphocyte 
reactions (MLR) can be used to assess the degree of major histocompatibility complex 
(MHC) class I and class II compatibility. However, this test is not rapid and can be used only 
in cases involving living related donors. Therefore, this test is rarely used at present.  

The primary aim of immunosuppression has been to control acute rejection by allowing tissue 
repair to develop. Immunosuppressive drugs are used in 2 phases: the initial induction 
phase, which requires much higher doses of these drugs, and the later maintenance phase.  

Immunosuppression can be achieved by several mechanisms that affect lymphocytes 
including lymphocyte depletion, diversion of lymphocyte traffic, or blocking lymphocyte 
response pathways[14, 15].  

Most combination therapies block T-cell activation by providing intense immunosuppression 
during the immediate posttransplantation period (induction phase).  
Immunosuppressive agents exert their effects through the following mechanisms. 

• Regulators of gene expression: The classic examples are glucocorticoids; others include 
vitamin D analogs and deoxyspergualin. However, recent studies have shown that 
glucocorticoids affect inflammation by other nongenomic mechanisms.  
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• Alkylating agents: Cyclophosphamide and other deoxyribonucleic acid (DNA) 
alkylating agents are mutagenic and can increase the risk of developing cancer.  

• Kinase and phosphatase inhibitors: These include cyclosporin A (CsA), tacrolimus 
(FK506), and sirolimus (SRL), which inhibit kinase cascades.  

• Inhibitors of de novo purine synthesis: The first-generation inhibitors are  
6-mercaptopurine and azathioprine; the second-generation inhibitors are mizoribine 
and MMF. Potential third-generation enzyme targets include inosine monophosphate 
dehydrogenase and T lymphocyte-specific purine nucleoside phosphorylase. The 
polygentamate derivatives of methotrexate are antifolate compounds that inhibit de 
novo purine synthesis. 

• Inhibitors of de novo pyrimidine synthesis: These inhibitors include brequinar, 
leflunomide, and the structurally related malononitrilamides that inhibit dihydroorotate 
dehydrogenase. 

6. Clinically relevant immunosuppressive agents 
Immunosuppressive agents are drugs that inhibit or block the activity of the immune system 
to prevent the rejection of transplanted organs and tissues. 

These drugs are not without side effects and risks. Because the majority of 
immunosuppressive agents act non-selectively, the immune system is less able to resist 
infections and the spread of malignant cells. There are also other side effects, which include 
hypertension, dyslipidemia, hyperglycemia, peptic ulcers, and liver or kidney injury. 
Immunosuppressive drugs also interact with other medicines, affecting their metabolism 
and action. Actual or suspected immunosuppressive agents can be evaluated in terms of 
their effects on lymphocyte subpopulations in tissues using immunohistochemistry [16, 17]. 

Immunosuppressive drugs can be classified into the following groups:  

6.1 Corticosteroids 

Steroids have been the cornerstone of immunosuppression and remain important in treating 
episodes of acute rejection. However, newer treatment regimens are trying to minimize the 
use of steroids to avoid or minimize their adverse effects.   

In pharmacologic or supraphysiologic doses, glucocorticoids are used to suppress various 
allergic, inflammatory, and autoimmune disorders. They are also administered as 
posttransplant immunosuppressants to prevent acute transplant rejection and graft-versus-
host disease. Nevertheless, they do not prevent infection and also inhibit later reparative 
processes. 

Glucocorticoids suppress cell-mediated immunity; they act by inhibiting the genes that 
encode the cytokines interleukin-1 (IL-1), IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, and TNF-α. The 
inhibition of IL-2 is particularly important because it reduces T cell proliferation. 

Glucocorticoids also suppress humoral immunity, causing B cells to express reduced 
amounts of IL-2 and IL-2 receptors. This diminishes both B cell clonal expansion and 
antibody synthesis. 

Glucocorticoids also stimulate the release of lipocortin-1 into the extracellular space, where 
it binds to leukocyte membrane receptors and inhibits the following inflammatory events: 
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epithelial adhesion; emigration; chemotaxis; phagocytosis; respiratory burst; and the release 
of various inflammatory mediators including, but not limited to, lysosomal enzymes, 
cytokines, tissue plasminogen activator, and chemokines from neutrophils, macrophages, 
and mast cells.  

6.2 Cytostatics 

Cytostatics inhibit cell division. In immunotherapy, they are used in smaller doses than 
when used to treatment malignant diseases. They affect both T and B cell proliferation. As 
they are the most effective, purine analogs are most frequently administered. 

Alkylating agents 

The alkylating agents used in immunotherapy include cyclophosphamide (nitrogen 
mustards), nitrosoureas, platinum compounds, and others. Cyclophosphamide is probably 
the most potent immunosuppressive compound. In small doses, it is very efficient for the 
treatment of systemic lupus erythematosus, autoimmune hemolytic anemias, Wegener's 
granulomatosis, and other immune diseases. However, high doses cause pancytopenia and 
hemorrhagic cystitis. 

Antimetabolites 

Methotrexate is a folic acid analogue. It binds dihydrofolate reductase and prevents the 
synthesis of tetrahydrofolate. In addition to its use in transplant patients, it is used for the 
treatment of autoimmune diseases such as rheumatoid arthritis and Behcet's disease.  

It is extensively used to control transplant rejection reactions. Azathioprine is 
nonenzymatically cleaved to mercaptopurine, which acts as a purine analogue and an 
inhibitor of DNA synthesis. Additionally, mercaptopurine itself can also be administered 
directly. 

By preventing the clonal expansion of lymphocytes in the induction phase of the immune 
response, it affects both the cell and the humoral immunity. It is also efficient in the 
treatment of autoimmune diseases. 

6.3 Antibodies 

Antibodies are sometimes used as a quick and potent immunosuppressive therapy to 
prevent acute rejection episodes; additionally, antibodies such as monoclonal anti-CD20 
antibodies are used in targeted treatment of lymphoproliferative or autoimmune disorders.  

Antibodies interact with lymphocyte surface antigens, resulting in the depletion of 
circulating thymus-derived lymphocytes and interference with cell-mediated and humoral 
immune responses. Lymphocyte depletion occurs either by complement-dependent lysis in 
the intravascular spaces or by opsonization and subsequent macrophage phagocytosis. 
Adverse effects such as fever, chills, thrombocytopenia, leukopenia, and headache typically 
occur with the first few doses.  

Heterologous polyclonal antibodies are obtained from the serum of animals (e.g., rabbit, 
horse) that were injected with the patient's thymocytes or lymphocytes. Currently, anti-
lymphocyte (ALG) and anti-thymocyte antigens (ATG) are used. They are part of the 
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treatment strategy for cases of steroid-resistant acute rejection reaction and grave aplastic 
anemia. However, they are added primarily to other immunosuppressives to diminish their 
dosage and toxicity. They also enable transition to cyclosporine therapy. 

Polyclonal antibodies inhibit T cells and cause their depletion through either complement-
mediated cytolysis or cell-mediated opsonization that is followed by macrophage 
phagocytosis and degradation. In this way, polyclonal antibodies inhibit cell-mediated 
immune reactions, including graft rejection, delayed hypersensitivity, and graft-versus-host 
disease (GVHD); additionally they also influence thymus-dependent antibody production. 

In 2005, two preparations became available: Atgam, obtained from horse serum, and 
Thymoglobulin, obtained from rabbit serum. Polyclonal antibodies affect all lymphocytes and 
cause general immunosuppression, possibly leading to post-transplant lymphoproliferative 
disorders (PTLD) or serious infections, such as those caused by cytomegalovirus. To reduce 
these risks, treatment is provided in a hospital, where adequate isolation from infection is 
available. Atgam and Thymoglobulin are usually administered for five days intravenously 
in the appropriate quantity. Patients stay in the hospital as long as three weeks to give the 
immune system time to recover to a point where there is no longer a risk of serum sickness. 

Monoclonal antibodies are directed towards precisely defined antigens. Therefore, they 
cause fewer side effects. Especially significant are the antibodies directed against IL-2 
receptor- (CD25-) and CD3. They are used to prevent organ transplant rejection, but also to 
track changes in the lymphocyte subpopulations. It is reasonable to expect the development 
of similar new drugs in the future.   

T-cell receptor directed antibodies 

Muromonab-CD3 is a murine anti-CD3 IgG2a monoclonal antibody that prevents T-cell 
activation and proliferation by binding the T-cell receptor complex that is present on all 
mature T cells. As such, it is one of the most potent immunosuppressive substances; it is 
commonly administered to control episodes of steroid- and/or polyclonal antibody-resistant 
acute rejection. Because it acts more specifically than polyclonal antibodies, it is also used 
prophylactically in transplantations. 

However,the mechanism of action of muromonab-CD3 is only partially understood. It is 
known that the molecule binds the TCR/CD3 receptor complex. In the first few 
administrations, this binding non-specifically activates T-cells, leading to a serious 
syndrome 30 to 60 minutes later that is characterized by fever, myalgia, headache, and 
arthralgia. Sometimes the syndrome develops into a life-threatening reaction of the 
cardiovascular system and the central nervous system that requires lengthy therapy for 
recovery. After this period, CD3 blocks TCR-antigen binding and causes either 
conformational changes or the removal of the entire TCR3/CD3 complex from the T-cell 
surface. This lowers the number of available T-cells, perhaps by sensitizing them for uptake 
by tissue-resident macrophages. Also, cross-linking of CD3 molecules activates an 
intracellular signal that causes T cell anergy or apoptosis unless the cells receive another 
signal through a co-stimulatory molecule. Additionally, anti-CD3 antibodies shift the 
balance from Th1 to Th2 cells. 

However, patients can develop neutralizing antibodies that reduce the effectiveness of 
muromonab-CD3. Muromonab-CD3 can also cause excessive immunosuppression. Although 
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anti-CD3 antibodies act more specifically than polyclonal antibodies, they lower the cell-
mediated immunity significantly, predisposing patients to opportunistic infections and 
malignancies. 

IL-2 receptor directed antibodies 

Interleukin-2 is an important immune system regulator that is necessary for the clonal 
expansion and survival of activated T lymphocytes. Its effects are mediated by the trimeric 
cell surface IL-2 receptor, which is comprised of α, β, and γ chains. IL-2 receptor α (CD25, T-
cell activation antigen, TAC) is expressed only by activated T lymphocytes. Therefore, it is of 
special significance for selective immunosuppressive treatment, and research has been 
focused on the development of effective and safe anti-IL-2 antibodies. Through the use of 
recombinant gene technology, murine anti-TAC antibodies have been modified, leading to 
the introduction of two chimeric mouse/human anti-Tac antibodies in 1998: basiliximab 
(Simulect) and daclizumab (Zenapax). These drugs act by binding the IL-2 receptor α chain, 
preventing IL-2-induced clonal expansion of activated lymphocytes and shortening their 
survival. Basiliximab and daclizumab are currently being used for the prevention of acute 
organ rejection after bilateral kidney transplantation; they are similarly effective and are 
associated with minimal side effects. 

Other monoclonal antibodies 

Efalizumab is a humanized monoclonal antibody that targets the lymphocyte function-
associated antigen-1 (LFA-1) receptor through the CD11a side chain. Efalizumab (Raptiva), a 
drug indicated for psoriasis, was withdrawn from the US market on June 8, 2009 because of 
potential risks for progressive multifocal leukoencephalopathy (PML). PML is a rapidly 
progressive infection of the central nervous system caused by the JC virus that leads to 
death or severe disability. Demyelination associated with PML results from the JC virus 
infection. JC virus belongs to the genus Polyomavirus of the Papovaviridae family. PML should 
be considered in any patient exhibiting new-onset neurologic manifestations who has taken 
efalizumab. For more information, please see the Food and Drug Administration MedWatch 
Safety Alert.  

Monoclonal antibodies against B7-1 (CD80) and B7-2 (CD86) have been developed to block 
T-cell CD28 activation and proliferation. In a recent trial, one of these antibodies, belatacept, 
was not inferior to cyclosporine as a means of preventing acute rejection after renal 
transplantation. Cytotoxic T lymphocyte antigen 4 immunoglobulin (CTLA4Ig) can 
simultaneously inhibit B7-1 and B7-2 interactions with CD28 and has been used successfully 
in animal models, demonstrating a beneficial effect on chronic allograft rejection. 
Monoclonal anti-CD45-RB, leflunomide, FK778, FTY720, alemtuzumab (anti-CD52 
antibody), and rituximab are some of the other agents that are currently in different phases 
of evaluation. Other antibodies targeting CD28 are also in development. 

6.4 Immunophilin-binding agents 

The available immunophilin-binding agents are cyclosporine and tacrolimus. These agents 
are calcineurin inhibitors that primarily suppress T lymphocyte activation by inhibiting IL-2 
production. They are associated with numerous toxicities that are often dose-dependent. 
Nephrotoxicity occurs with both the drugs. Hirsutism, gingival hypertrophy, hypertension, 
and hyperlipidemia develop more often with cyclosporine than tacrolimus.  
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Calcineurin inhibitors and azathioprine have been associated with post-transplant 
malignancies and skin cancers in organ transplant recipients. The results of several studies 
suggest that calcineurin inhibitors have oncogenic properties that are predominantly linked 
to the production of cytokines that promote tumor growth, metastasis, and angiogenesis. 
This drug has been reported to reduce the frequency of regulatory T cells; additionally, after 
converting from CNI monotherapy to a mycophenolate monotherapy, patients were found 
to have increased graft success and T-Reg frequencies.  

Cyclosporine  

Since its introduction in 1983, Cyclosporine has become one of the most widely used 
immunosuppressive drugs. It is a cyclic fungal peptide that is comprised of 11 amino acids. 
Cyclosporine is thought to bind to the cytosolic protein cyclophilin (an immunophilin) of 
immunocompetent T lymphocytes. The complex of Cyclosporine and cyclophilin inhibits 
the phosphatase calcineurin. The drug also inhibits lymphokine production and cytokine 
release, leading to the reduced functionality of effector T-cells. The adverse events of 
cyclosporine would be hair growth as well as trembling and shaking of hands. For 
cyclosporine, the target conventional trough levels (C0) levels were adapted as 300–400 
ng/mL during the rst postoperative month, 100–200 ng/mL for up to 1 year, and 
approximately 100 ng/mL or less thereafter. Cyclosporine is used to treat acute rejection 
reactions, but has been increasingly been replaced by newer, less nephrotoxic 
immunosuppressants.  

Tacrolimus 

Tacrolimus (trade name Prograf) is a product of the bacterium Streptomyces tsukubaensis. It is 
a macrolide lactone that acts by inhibiting calcineurin. Although tacrolimus is used 
particularly for liver and kidney transplants, in some clinics it is used for heart, lung and 
heart/lung transplants. It binds to the immunophilin FKBP1A; the tacrolimus-FKBP1A 
complex then binds to calcineurin and inhibits its phosphatase activity. In this way, 
Tacrolimus prevents the cell from transitioning from the G0 into G1 phase of the cell cycle. 
While tacrolimus binds to a different intracellular protein (FKBP-12) compared to 
cyclosporine, it has the same mechanism of action of cyclosporine, is more potent than 
Cyclosporine and is associated with less pronounced side effects compared to cyclosporine. 
Tacrolimus treatment was started orally to maintain a C0 whole blood level of 10–15 ng/mL 
initially with reduction of the dose to obtain C0 levels between 3-10 ng/mL at 1 year after 
liver transplant. However, neurotoxicity, alopecia, and posttransplant diabetes mellitus 
develop more frequently with tacrolimus compared to cyclosporine.  

Advagraf 

Advagraf is a new oral formulation of tacrolimus with prolonged-release characteristics 
compared to the currently authorised product Prograf(t). Advagraf therapy requires careful 
monitoring by adequately qualified and equipped personnel. Because the later product is 
nationally authorised, the invented name may vary depending on the country of 
authorisation. Advagraf is the first calcineurin inhibitor formulated to enable once daily oral 
dosing and it is expected that it may help to improve compliance with dosing and cause less 
interference with the daily life activities of the patient. This medicinal product should only 
be prescribed, and changes in immunosuppressive therapy initiated, by physicians 
experienced in immunosuppressive therapy and the management of transplant patients. 
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Voclosporin 

Voclosporin is a calcineurin inhibitor that is under development by Isotechnika as of 2010. 
This company uses calcineurin as a surrogate marker to assess the amount of 
immunosuppression achieved using drugs in this category. Other companies also have next 
generation drugs in this class in their pipelines. 

6.5 Antiproliferative agents 

Antiproliferative agents inhibit DNA replication and suppress B cells and T cells 
proliferation. Azathioprine and MMF are commonly used antiproliferative agents. MMF is 
an organic synthetic derivative of the natural fermentation product mycophenolic acid 
(MPA) that causes the noncompetitive reversible inhibition of inosine monophosphate 
dehydrogenase, which interferes with purine synthesis. Adverse effects of MMF include 
nausea, diarrhea, leukopenia, and thrombocytopenia. Invasive CMV infection has also been 
rarely associated with MMF. The introduction of MMF has been shown to be associated 
with improvement or stabilization of renal function, even several years after transplantation. 

Other antiproliferative agents, such as cyclophosphamide and, more recently, leflunomide, 
have also been used.  

6.6 Mammalian target of rapamycin (mTOR) inhibitors 

Sirolimus is a macrocyclic antibiotic produced by Streptomyces hygroscopicus fermentation. It 
is used to prevent rejection reactions. Although it is a structural analogue of tacrolimus, it 
acts somewhat differently and has different side effects. Sirolimus binds to FKBP-12 and 
modulates the activity of mTOR, which inhibits IL-2-mediated signal transduction and 
results in T- and B-cell cycle arrest in the G1-S phase. Sirolimus is associated with numerous 
adverse effects including leukopenia, thrombocytopenia, anemia, hypercholesterolemia, 
hypertriglyceridemia, proteinuria, ae well as leg oedema. Contrary to Cyclosporine and 
tacrolimus, drugs that affect the first phase of T lymphocyte activation, sirolimus affects the 
second phase of T lymphocyte activation, signal transduction and lymphocyte clonal 
proliferation. So sirolimus is not used early after transplant because of wound dehiscence. 
Also sirolimus carries a black box warning that cautions against possible development of 
early postttransplant hepatic artery thrombosis. Although sirolimus binds to FKBP-12 like 
tacrolimus, the complex inhibits mTOR, not calcineurin. Therefore, sirolimus acts 
synergistically with Cyclosporine, and when used in combination with other 
immunosuppressants, it has few side effects. Also, it indirectly inhibits several T 
lymphocyte-specific kinases and phosphatases, preventing their transition from G1 to the S 
phase of the cell cycle. In a similar manner, sirolimus prevents plasma cell differentiation, 
reducing the production of IgM, IgG, and IgA antibodies. It has also been associated with 
mucositis, delayed wound healing, lymphocele formation, pneumonitis, and prolonged 
delayed graft function. It is also active against tumors that are PI3K/AKT/mTOR-dependent. 

6.7 Everolimus  

Everolimus is the 40-O-(2-hydroxyethyl) derivative of sirolimus and works similarly to 
sirolimus as an mTOR (mammalian target of rapamycin) inhibitor. It is currently used as an 
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immunosuppressant to prevent rejection of organ transplants. Everolimus may have a role 
in transplantation as it has been shown to reduce chronic allograft vasculopathy in such 
transplants. Because hypercholesterolemia and hypertriglyceridemia have been reported, 
monitoring of blood lipid level is recommended. 

6.8 Other drugs 

Many other agents are used to interfere with secondary signaling, and may therefore aid in 
tolerance induction[18].  

Interferons 

IFN-β suppresses the production of Th1 cytokines and monocyte activation; it is used to 
slow down the progression of multiple sclerosis. IFN-γ can trigger lymphocyte apoptosis. 

Opioids 

Prolonged use of opioids can cause immunosuppression of both innate and adaptive 
immune responses. Decreased proliferation and function have been observed in 
macrophages and lymphocytes. It is hypothesized that these effects are mediated by opioid 
receptors expressed on the surface of these immune cell populations.  

Small biological agents 

Fingolimod is a new synthetic immunosuppressant that is currently in phase 3 of clinical 
trials. It increases the expression or changes the function of certain lymphocyte adhesion 
molecules, such as α4/β7 integrin, causing their accumulation in the lymphatic tissues and 
their subsequent removal from circulation. In this respect, it differs from all other known 
immunosuppressants. 

The use of any immunosuppressive drug requires a balance between the risk of loss of 
transplanted organ and the toxicity of the agent. The goal is to balance an appropriate level 
of immunosuppression with the long-term risks, which include the development of 
infections, cancer, and metabolic complications.  

7. Therapeutic management 
7.1 Phases 

Immunosuppressive treatment of the transplanted patient begins with the induction phase, 
which begins perioperatively and continues immediately after transplantation. Maintenance 
therapy then continues for the life of the allograft. Induction and maintenance strategies use 
different medicines at specific doses or at doses adjusted to achieve target therapeutic levels 
to give the transplanted patient the best hope for long-term graft survival[19].  

Induction strategy  

The induction strategies include antibody-based therapy and aggressive early 
immunosuppression to avoid early acute rejection. 

Antibody-based therapy:  
This therapy uses monoclonal or polyclonal antibodies and is administered in the early 
posttransplant period (up to 8 wk). Antibody-based therapy allows for avoidance of or 
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dose reduction of calcineurin inhibitors, possibly reducing the risk of nephrotoxicity. All 
agents are effective for preventing acute rejections, although the anti-CD25 antibodies 
may require concurrent administration with calcineurin inhibitors. The adverse effect 
profiles of polyclonal and monoclonal antibody therapies limit their use in some patients. 
Patients at a high risk of rejection may receive rabbit anti-thymocyte globulin 
(Thymoglobulin). 

Aggressive early immunosuppression:  
This therapy uses maintenance drugs at higher doses to achieve the strongest 
immunosuppressive effect directly following transplantation. Approximately 50% of 
patients do not receive antibody therapy at the time of transplantation. The highest doses of 
calcineurin inhibitors place patients at increased risk of nephrotoxicity and may not be the 
best strategy for patients at the highest risk for rejection. 

Maintenance strategy 

Maintenance of immunosuppression is the key for the prevention of acute and chronic 
rejections throughout the life of the graft. 

After induction therapy, whether this involves high-dose steroids that are then tapered off 
or an anti-thymocyte globulin preparation, maintenance therapy involves maintaining the 
program of conventional immunosuppression in order to prevent graft rejection[21]. 
Conventional maintenance therapy has evolved over the years and now includes multiple 
immunosuppressive agents that are given in non-toxic doses. Historically, corticosteroids 
and azathioprine were used to maintain grafts after induction therapy. Cyclosporine was 
then added to the armamentarium for maintenance therapy. Triple-drug therapy using 
cyclosporine, azathioprine, and prednisone is the most common maintenance regimen for 
many transplant recipients. Triple-drug therapy permits lower doses of cyclosporine and 
azathioprine to be given, as well as enabling the use of low-dose steroids or every-other-day 
steroid therapy. 

In stable liver transplant patients, cyclosporine can be discontinued and the recipient 
maintained on azathioprine or MMF and every-other-day steroids. Alternatively, patients 
have been maintained on cyclosporine monotherapy with complete withdrawal of MMF 
and steroids. 

Following the clinical introduction of tacrolimus, this potent agent increased rapidly in 
popularity for maintenance therapy in liver transplant recipients. Tacrolimus-based 
therapies usually include very-low-dose prednisone, but may also utilize azathioprine or 
MMF. The potent activity of tacrolimus enables more rapid steroid withdrawal, and many 
patients can be maintained off steroids altogether with the use of tacrolimus. 

7.2 Anti-rejection strategies 

Acute rejection  

A number of strategies are available for patients who experience an acute rejection episode. 
For typical patients, alteration in clinical graft function prompts a liver biopsy and 
pathological evaluation of the graft for rejection. The 3 agents used to treat acute rejection 
are (1) steroids, (2) anti-thymocyte globulin, and (3) muromonab-CD3. 
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Steroids are the first-line treatment for rejection. These agents are the mainstay of therapy 
for acute rejection episodes, preventing macrophage IL-1 release and blocking T cell 
synthesis of IL-2. Steroids also have anti-inflammatory properties. The typical dosage is 10 
mg/kg/d for 3-5 days, which is then tapered down to a maintenance dose. Steroids reverse 
60-75% of rejection episodes. 

Anti-thymocyte globulin: This agent binds all circulating T and B lymphocytes, which are 
then lysed or phagocytosed by macrophages and neutrophils. The efficacy of anti-thymocyte 
globulin is similar to muromonab-CD3. Anti-thymocyte globulin treatment is generally 
reserved for steroid-resistant acute rejection because of its cost, toxicity, and the 
development of anti-drug antibodies. 

Muromonab-CD3: This agent displaces the T3 molecule from antigen receptors, binds all 
mature T cells, and prevents alloantigen recognition. The reversal rate of first acute rejection 
episodes is 94% for patients treated with muromonab-CD3. Muromonab-CD3 is sometimes 
used as the first-line agent for severe vascular rejections. The development of human anti-
murine antibodies allows for the reappearance of CD3 T cells, which may decrease 
muromonab-CD3 efficacy and necessitate higher doses, possibly increasing the risk of 
infection. A second course of muromonab-CD3 treatment may be given for recurrent 
rejection, although repeated treatments can be associated with complications from the 
development of anti-murine antibodies. The success rate in recurrent episodes is 
approximately 40-50%. 

Chronic rejection 

For patients with chronic rejection, newer agents may be on the horizon to slow or reverse 
the rejection process. Unless inadequate immunosuppression is the cause of rejection, 
changes in immunosuppressive therapy are generally not effective in reversing chronic 
rejection. In liver transplant recipients whose organs have significant regenerative abilities, 
the use of high-dose tacrolimus appears to have some effect in reversing chronic rejection; 
however patients must be treated early in the course of chronic rejection. The addition of 
sirolimus to MMF is currently being studied to determine efficacy. Long-term data on 
transplanted patients treated with sirolimus demonstrated that the chronic rejection rates 
are much lower compared to rates traditionally reported for cyclosporine-based regimens. 
Blood pressure management, treatment of hyperlipidemia, and diabetes management are 
the current mainstays of treatment for graft preservation[20]. 

7.3 Primary immunosuppressive agents 

Calcineurin inhibitors combine with binding proteins to inhibit calcineurin activity. This 
works to inhibit IL-2, which is critical for T helper cell proliferation. Calcineurin normally 
exerts phosphatase activity on the nuclear factor of activated T cells. This factor then 
migrates to the nucleus to initiate IL-2 transcription. Although studies have shown that 
cyclosporine and tacrolimus were associated with similar rates of graft survival, several 
studies have shown lower rates of rejection episodes with tacrolimus. 

Levels of both cyclosporine and tacrolimus must be carefully monitored. Trough levels 
appear to correlate well with drug exposure in patients receiving tacrolimus. Initially, levels 
can be kept in the range of 10-20 ng/mL; however, after 3 months, levels are kept lower  
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(5-10 ng/mL) to reduce the risk of nephrotoxicity. Controversy continues regarding the best 
method to monitor cyclosporine levels. 

7.4 Adjuvant agents 

These agents are usually combined with a calcineurin inhibitor and include steroids, 
azathioprine, MMF, and sirolimus. Currently, most protocols use a calcineurin inhibitor and 
steroids with or without MMF. The use of adjuvant agents allows clinicians to achieve 
adequate immunosuppression while decreasing the dose and toxicity of individual agents. 

In kidney transplant recipients, mycophenolate mofetil has assumed an important role in 
immunosuppression after several clinical trials reported a marked decrease in the 
prevalence of acute cellular rejection compared to azathioprine; furthermore, a reduction in 
1-year treatment failures was also reported for MMF. Ongoing long-term studies suggest 
MMF also reduces the prevalence of chronic rejection. 

Sirolimus has shown great promise for its potential to combat acute cellular rejection and to 
provide rescue immunosuppression. Current work shows that sirolimus causes a significant 
decrease in acute rejection and improvement in patient and graft survival compared to 
azathioprine[21, 22].   

8. Complications of immunosuppression 
Clinical immunosuppression strategies involve striking a balance between freedom from 
rejection episodes and freedom from the toxicity and complications of immunosuppressive 
treatment regimens. As the number of rejection episodes decreases, the likelihood of 
opportunistic infections, late malignancy and drug toxicity increases.  

The specific toxicities of the immunosuppressive drugs are described in the sections 
pertaining to each drug. In general, the goal of multidrug therapy is to decrease the 
toxicities that are seen with higher doses of individual drugs.  

8.1 Infection and malignancy issues 

Opportunistic infections remain an important risk for immunocompromised patient despite 
the use of prophylactic measures[24]. Exposure to viruses such as Epstein-Barr virus (EBV), 
cytomegalovirus (CMV), herpes simplex virus, and human papillomavirus place the 
recipient at risk for infection and, potentially, later malignancy. 

The incidence of CMV has been reduced with the use of antiviral prophylaxis in the first 3 
months posttransplant. However, preemptive monitoring and initiation of treatment in the 
case of significant viremia after discontinuation of prophylaxis remains to be proven as a 
strategy for reducing the risk of late-onset CMV disease. Approximately 27% of patients 
who die with a functioning graft die from infectious or malignant complications. This 
highlights issues regarding the appropriate amount of immunosuppression required to 
balance aspects of graft function with complications related to therapy. 
An increasingly recognized problem associated with immunosuppression is BK virus 
nephropathy. This virus, a member of the human papovavirus family, lives in the human 
genitourinary tract and replicates in some immunosuppressed patients, causing allograft 
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dysfunction. While antiviral agents such as cidofovir and leflunomide are active against the 
BK virus, the mainstay of therapy is a reduction in immunosuppression. The risk of acute 
allograft rejection with dose reduction is currently under investigation.  

The most serious long-term effects of immunosuppression are the late malignancies that can 
develop in transplanted patients[25]. In addition to the post-transplantation 
lymphoproliferative diseases that are specific to chronically immunosuppressed patients, 
patients may also develop Kaposi’s sarcoma. In addition, patients are at higher risk for 
malignancies that are common in non-immunosuppressed patients. The most common 
cancer observed in immunosuppressed patients is skin cancer, which mimics its frequency 
in the general population. A slightly higher incidence of Hodgkin’s disease, non-Hodgkin’s 
lymphoma, and breast, colon, lung, uterine and ovarian cancers has been observed in 
transplant recipients. For this reason, patients should undergo yearly cancer surveillance, 
including chest radiography and a general physical examination to look for new skin 
lesions; Pap smears and pelvic examinations are also suggested for women. 

8.2 PTLD 

Posttransplant lymphoproliferative disease (PTLD) is a growing concern in transplanted 
patients. Most cases of PTLD are of B-cell origin and are linked to EBV infections. Patients 
present with constitutional symptoms such as night sweats, fever, and weight loss. An acute 
rise in creatinine levels, similar to what occurs during acute allograft rejection, may also be 
seen. Risk factors for PTLD include primary EBV infection; the use of cyclosporine, 
tacrolimus, and MMF; and exposure to anti-thymocyte globulin (ATG) or OKT3. Treatment 
options include reduction or discontinuation of immunosuppression with an increase in 
prednisone to reduce rejection risk.  

The long-term survival of liver transplant recipients requires lifelong treatment with 
immunosuppressive drugs. Despite the use of multiple agents in smaller doses, significant 
toxicities that are either directly or indirectly related to the immunosuppressive therapy can 
occur[27]. The primary long-term effects of corticosteroids include growth inhibition, 
Cushing’s syndrome, osteoporosis, avascular femoral head necrosis, cataracts, glaucoma, 
cardiovascular disease and gastritis-peptic ulcer disease. The long-term effects of 
azathioprine include hepatitis, pancreatitis and red-cell aplasia. For cyclosporine, the long-
term effects include hypercholesterolemia, arteriosclerosis, hypertension and nephrotoxicity. 
The long-term effects of tacrolimus may include hypertension and nephrotoxicity; however, 
it is too early to determine what other side effects may develop over time for this drug. 

In summary, significant progress has been made in developing effective immunosuppressive 
protocols. These protocols rely on combination therapy using multiple drugs at low dosage 
to prevent rejection, treat established rejection episodes and minimize both the short-term 
toxicities and the long-term complications associated with immunosuppressive therapy. 

9. Induction of tolerance 
Transplant tolerance is defined as a state of donor-specific unresponsiveness without a need 
for ongoing pharmacologic immunosuppression. Safe, reliable strategies for the induction of 
full tolerance have not yet been developed[28]. However, during the study of achieving 
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immune tolerance, methods to induce states of "partial tolerance" have been discovered; in 
these cases, lower-than-conventional amounts of ongoing pharmacologic immunosuppression 
are required to prevent rejection. Nonetheless, immune tolerance remains the holy grail of 
transplantation immunology and clinical transplantation[29]. 

9.1 Induction of tolerance in transplant patients 

Clinical allograft transplantation research has been conducted to identify methods to induce 
full or partial tolerance in transplant patients. These strategies are not ready for general 
clinical use until further evidence-based studies are available. 

Full tolerance 

The holy grail of organ transplantation is full immunologic tolerance, a state of indefinite 
survival of a well-functioning allograft that does not require maintenance 
immunosuppression. In addition, the host must retain a normal immune response and not 
suffer from immunosuppression-related infections, neoplasia, or other drug-related adverse 
effects. Rare cases of operational tolerance after transplantation, with complete cessation of 
immunosuppressive therapy have been observed and reported; these cases generally are 
associated with patient noncompliance regarding therapy. 

Most studies concerning the intentional induction of immunologic tolerance have involved 
patients with hematologic malignancies. Full tolerance was achieved with myeloablative 
therapy prior to organ transplantation in combination with induced donor chimerism by 
means of bone marrow transplantation and excellent human leukocyte antigen (HLA) 
matching. Mixed chimerism retains a graft-versus-host T-cell effect that allows for 
transplant acceptance despite the subsequent disappearance of the donor chimerism. 

Myeloablative therapy includes total body irradiation and lymphoablative methods, such as 
total body irradiation and the use of azathioprine and corticosteroids. However, the 
complications of full tolerance and the unpredictable timing organ transplantation with 
regards to the time required for myeloablative therapy prior to transplantation precludes 
the routine application of these therapies. 

Cosimi and Sachs studied mixed chimerism in a small number of patients. They used 
nonmyeloablative conditioning, such as peritransplantation low-dose total-body irradiation 
or thymic irradiation plus anti-thymocyte globulin therapy combined with splenectomy. 
Donor-specific marrow infusion was given at the time of transplantation. Cyclosporine was 
given for about a month after transplantation and then stopped. Patients had transient 
chimerism for several weeks, and graft survival was approximately 70% over the long term. 

Tregs are responsible for maintaining tolerance by broadening suppression through a 
mechanism termed linked-suppression, where tolerance to a specific epitope is spread to all 
epitopes of that protein; this tolerance is also spread to cohorts of naïve T-cells as they 
develop. Immunologist Herman Waldmann described this phenomenon as a process of 
infectious tolerance. Tregs from tolerant animals can be transferred to naive animals, in 
which they subsequently confer antigen-specific tolerance, including tolerance to skin and 
organ allografts. Although not completely understood, this is referred to as adoptive 
tolerance, and it has been recognized since the 1990s when Dr. Metcalfe at Cambridge 
published a landmark paper describing this phenomenon.  
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Tolerance induction through the expansion and transfer of donor Tregs to an allograft 
recipient or by means of the ex vivo development of Treg from recipient T cells are 
intriguing but yet-untested strategies in humans. Currently, in heart transplantation, 
analysis of whether FOXP3 gene expression in peripheral blood cells reflects anti-donor 
immune responses is underway. Overall, these possibilities represent exciting ways to 
broaden the translational approach of tolerance induction through the use of T regulatory 
cells. 

Partial tolerance 

At present, partial tolerance that requires minimal immunosuppression is possible. This 
allows for the minimal use of immunosuppressive drugs, which results in reduced risks for 
infection, neoplasia, and drug-related adverse effects. Partial, or incomplete, donor-specific 
tolerance has been termed minimal immunosuppression tolerance or prope tolerance from 
the Latin word for near.   

Professor Sir Roy Calne postulated that prope tolerance preserves some of the transplant 
recipient's immune responses to infection and other antigens, reducing morbidity and 
mortality caused by immunosuppressive effects.  

Although numerous researchers are investigating assays to monitor the degree of 
immunosuppression, no assays or tests are currently available to monitor tolerance. Dr. 
Sarwal at Stanford University is currently using exciting microarray technologies to describe 
genetic identifiers of allograft recipients that are rendered tolerant. This technology may be 
what is required to overcome the current barriers to allograft tolerance. 

Identifying either prope or complete tolerance depends on the elimination, withdrawal, or 
reduction of maintenance immunosuppression followed by the observation of a favorable 
response. Allograft biopsies may or may not be helpful in identifying rejection at an early 
stage if the strategy is unsuccessful. Indeed, a specific directive of granting agencies, such as 
the National Institutes of Health and the Immune Tolerance Network, is to fund research to 
develop tolerance assays. 

The demonstration of immune tolerance induction in many rodent models stands in stark 
contrast to the lack of success in humans and primates, with the exception of myeloablative 
therapy followed by donor-derived stem cell infusion. The specific pathogen-free 
environment in which rodents are housed for their lifetime limits the number of memory T 
cells that they develop. In contrast, humans and primates are exposed to many viruses 
during their long and less pathogen-free lives. In addition, they generate a considerable pool 
of self-renewing memory T cells; in fact, nearly half of circulating T cells in adult humans 
are memory T cells. Therefore, they are less immunologically naïve compared to 
experimental rodents. Many of these memory T cells can cross-react with foreign MHC. 
Therefore, the translation of tolerance induction strategies from the rodent laboratory 
models to large animals and then to humans may need to account for differences in 
previous specific and net immunologic memory. 

9.2 Mechanisms for tolerance 

Tolerance is generally accepted to be an active process and, in essence, a learning experience 
for T cells[30]. Tolerance is said to occur mechanistically at 2 levels: centrally and peripherally.  
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Central and/or Intrathymic Tolerance 

The chief mechanism of T-cell tolerance is the deletion of autoreactive T cells in the thymus, 
rendering the organism tolerant to "self." Immature T cells migrate from the bone marrow to 
the thymus, where they encounter peptides derived from endogenous proteins that are 
bound to major histocompatibility complex (MHC) molecules on thymic epithelial cells. 

Double-positive (CD4+ and CD8+) thymocytes initially undergo random generation of 
different T-cell receptors (TCRs). Positive selection, also called thymic education, ensures 
that only clones with TCRs that exhibit moderate affinity for self-MHC are allowed to 
develop. Negative selection by means of apoptosis occurs when T cells do not produce 
functional TCRs, when TCR rearrangement fails, when T cells have low affinity for MHC-
self-peptide complexes, or when T cells have extremely high affinity for such complexes. 
Negative selection also results in the deletion of some thymocytes that interact with 
autoantigens presented by interdigitating cells and macrophages at the corticomedullary 
junction. The remaining cells lose either CD4 or CD8 and leave the thymus to function in the 
periphery as mature, functional CD4+ and CD8+ T cells[31]. 

Peripheral tolerance 

Many potentially reactive T cells escape intrathymic deletion, reflecting the fact that many 
antigens are absent intrathymically or are present at insufficient levels to induce tolerance in 
the thymus. Several peripheral, nonthymic mechanisms that prevent autoimmunity by 
rendering peripheral T cell repertoires tolerant also exist[32]. 

9.3 Sequestration of antigens into privileged sites 

Some antigens are sequestered into privileged sites away from the immune system because 
of physical barriers, such as tight junctions, or immunologic barriers, such as the expression 
of Fas ligand (FasL) or reduced MHC class I expression. Thus, antigen-presenting cells 
(APCs), and subsequently T lymphocytes, may never encounter these self-antigens. 
Therefore, immune cells remain ignorant of these antigens. At some of these sites, 
proinflammatory lymphocytes are controlled by apoptosis due to the expression of FasL or 
the secretion of cytokines such as transforming growth factor-beta (TGF-β) or interleukin 
(IL)-10. When T cells enter these sites, their Fas receptors interact with the FasL of these 
sites, and they undergo apoptosis. Privileged sites include the brain, the testes, and the 
anterior chamber of the eye. Transplanted tissues are most likely to survive in these 
privileged sites because of the tight control of proinflammatory lymphocytes. 

9.4 Apoptosis of T cells due to persistent activation or neglect 

Apoptosis, or programmed cell death, of lymphocytes is an important mechanism of 
immune control and homeostasis. Apoptosis contributes to the deletion of clones that are 
persistently activated and of activated lymphocytes when the immune response is no longer 
needed (e.g., after an infection clears). Cells that are persistently stimulated undergo 
activation-induced cell death involving Fas-FasL signaling or tumor necrosis factor. Most T 
cells that remain after antigen clearance are deprived of the stimuli required to survive and 
undergo passive cell death. Apoptosis of donor-reactive lymphocytes is also known as the 
"deletional" method to induce tolerance; in theory, this represents the most fail-safe 
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mechanism of tolerance induction. In the absence of donor-reactive lymphocytes, the 
response to donor antigens could not be induced no matter what antigens are encountered. 

9.5 Clonal anergy 

T lymphocytes require 2 signals to become activated, proliferate, and differentiate. The first 
is the recognition of an appropriate MHC-antigen complex by the TCR of the responsive 
lymphocyte. The second signal is delivered by costimulatory molecules also expressed by 
APCs; Costimulatory ligands are only able to engage once the first signal is activated. Lack 
of costimulation causes anergy, when T cells fail to respond to the MHC-peptide complex 
and remain unresponsive to subsequent challenges. 

CD28 is the main costimulatory ligand expressed by naive T cells encountering antigen. 
CD28 signaling enhances T-cell proliferation by boosting T cell IL-2 production. It also 
enhances expression of CD40 ligand, which interacts with CD40 on APCs to induce the 
upregulation of the costimulatory molecules CD80 (B7-1) and CD86 (B7-2) to further 
enhance costimulatory signaling. 

Recently, Rigby et al. used inhibition of T-cell costimulation as an effective means to prevent 
autoimmunity and allograft rejection in multiple animal models. They studied the effects of 
anti-CD28 and CTLA4-Ig on diabetes development and the requirements to induce tolerance 
in nod/scid mice after the transfer of transgenic beta-cell reactive BDC2.5.NOD T-cells. 
These authors were successful in this set of experiments and have helped to develop the 
understanding of natural regulatory mechanisms that may have a unique role in 
establishing targeted, long-standing immune protection and peripheral tolerance.  

T lymphocytes also express CD152 (CTLA-4) after CD28 binds to its ligands B7-1 and B7-2 
on APCs. The interaction of CTLA-4 and B7 molecules decreases opportunities for B7-CD28 
binding and downregulates T-cell IL-2 production, which subsequently reduces T-cell 
proliferation. CD28 interacts with B7 molecules, first leading to T-cell activation. However, 
after this effect peaks, upregulation of CTLA-4 with its relatively high affinity for B7 
molecules limits the degree of activation. Verbinnen et al. recently studied the involvement 
of regulatory T cells (Treg) and deletion of alloreactive cells in the induction and 
maintenance of tolerance after costimulation blockade (CTLA-4) in a mouse model of graft-
vs.-host disease. The study showed that clonal deletion of host-reactive T cells was a major 
mechanism responsible for tolerance.  

9.6 Regulatory T cells 

Regulatory T cells (Tregs), also called suppressor T cells, suppress the activation of clone-
specific T-cell activity. Tregs account for 10-15% of CD4+ T cells and express the 
transmembrane protein CD25, which is the alpha chain of the IL-2 receptor. CD4+CD25+ 
Tregs are anergic to TCR-mediated activation but potently suppress the activation of other T 
cells. However, not all CD25+ T cells are regulators. Some naive T cells upregulate CD25 in 
response to antigen, a change that represents the activation rather than the suppression of 
an immune response. The thymus produces anergic but suppressive CD4+ 25+ T cells, which 
are also identified by the expression of FoxP3, the transcription factor responsible for their 
development. These T cells suppress the activation and expansion of autoreactive 
CD4+CD25- populations. 
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Studies in mice have shown that Tregs are antigen-specific and that they regulate peripheral 
tolerance by producing suppressive cytokines such as IL-10 and TGF-beta. They depend on 
continuous antigen exposure to stay capable of mediating suppression. Antigen removal 
reduces the quantity of cells. 

In allograft rejection, direct stimulation of T cells in response to donor-derived antigens 
presented by donor APCs had been the focus of transplantation research for many years. 
However, indirect antigen presentation, in which self-APCs present donor peptides in an 
MHC-restricted fashion is responsible for the induction of antigen-specific Tregs that can 
directly and indirectly suppress other alloreactive T cells. Although positive costimulation 
with CD28 appears to be necessary for the development of intrathymically derived Tregs, 
costimulation blockade with CTLA-4 is required for the development of peripherally 
acquired suppressor Tregs. 

10. Immunosuppression withdrawal 
Although tolerance induction may allow for the withdrawal of immunosuppression in the 
future, at this time, immunosuppressive medications appear to be necessary for the life of 
the transplanted organ[33].  

10.1 Steroid versus steroid-free protocols 

The known toxicity of long-term steroid exposure has prompted the development of steroid-
free immunosuppressive regimens. Benefits of the withdrawal or avoidance of steroids 
include normal growth in children, improved lipid profiles, improved blood pressure, better 
glycemic control, and a lower risk of bone disease. 

The development of cyclosporine prompted attempts to develop steroid-free protocols. 
Initially, patients were doing well with cyclosporine monotherapy. Over time, 50% of these 
patients required steroids, usually for episodes of acute rejection. Strong randomized 
studies are undoubtedly needed to prove both the efficacy and the safety of these protocols.  

Steroid withdrawal has been used as a strategy to avoid adverse steroid effects in 
transplanted patients. Recent data show that the risk of rejection is higher in patients 
withdrawn from steroids on a cyclosporine-based protocol. After tacrolimus became 
available, protocols with this drug showed that withdrawal of steroids after 6 months was 
successful 80% of the time. More recently, studies involving rapid steroid withdrawal (over 
1-2 wk) in patients taking tacrolimus show similar graft survival rates compared with 
patients withdrawn after 3-6 months. Although the roles of sirolimus and MMF in steroid-
free protocols have yet to be definitively determined, the future looks promising for greater 
use of steroid-free protocols. 

10.2 Calcineurin inhibitor-free protocols 

Because of the risk of both acute and chronic nephrotoxicity attributed to calcineurin 
inhibitors, the development of protocols free of these agents is desirable. The use of 
sirolimus, MMF, and anti-CD25 antibodies has been studied to determine whether graft 
survival and acute rejection rates can be maintained at the present rates in the absence of 
calcineurin inhibitors. 
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The withdrawal of cyclosporine has been investigated in several trials. While the long-term 
graft survival rates were similar in patients withdrawing from cyclosporine compared to 
those maintained on it, the incidence of acute rejection in the withdrawal group was higher. 
The addition of sirolimus has been used in these withdrawal protocols. Higher rates of acute 
rejection were again noted in the withdrawal group. 

Many other protocols that minimize exposure to calcineurin inhibitors have been studied. 
Promising protocols include sirolimus, MMF, and steroids or the combination of anti-CD25 
antibodies, sirolimus, MMF, and steroids. These protocols have shown acceptable graft 
survival rates and acute rejection rates; however, these studies were small in size and 
further research is warranted[34]. In short, multiple regimens have been shown to be 
effective. 

10.3 Pregnancy 

Current data suggest that protocols involving cyclosporine, azathioprine, and steroids are 
associated with low rates of birth defects. However, patients are treated with high-risk 
pregnancy strategies. However, children born to parents with previous transplants are often 
small for their gestational age. Preliminary data suggest the safety of tacrolimus. MMF 
animal data and some early human studies show adverse effects on fetal development. 
Presently, few data exist regarding sirolimus and pregnancy. 

10.4 Length of treatment 

Episodes of acute cellular rejection have occurred after the cessation of medication even 20 
years after transplantation. For patients with stable graft function, individual components of 
the treatment regimen may be gradually diminished or completely discontinued; however, 
in most patients, some degree of immunosuppression must be continued. Some patients 
with severe resistant infections or malignancy related to immunosuppressants require the 
discontinuation of these medicines. 

11. Future perspective 
Immunity, regulation, graft rejection versus acceptance, and tolerance have proven to be 
extraordinarily complex. Indeed, currently used drugs and treatment protocols that are 
largely directed at inhibiting alloreactive T cells, have not optimally improved allograft 
survival or function. The tremendous progress made in understanding the molecular and 
cellular basis of allograft rejection has not yet been translated into durable modalities that 
have advanced clinical care and outcomes. Despite the many advances in both 
immunological knowledge and the practical application of clinical immunosuppression, the 
holy grail of indefinite graft survival with immune tolerance in clinical solid organ 
transplantation remains a distant dream. The current challenge is to integrate molecular, 
cellular, and anatomic concepts to achieve the equivalent of a unified field theory of the 
immune response to organ transplantation. A shift in emphasis, focusing on 
underappreciated immune pathways must now be considered to make further 
improvement. We highlight 3 areas of recent interest, complement, NK cells and 
lymphatics[35, 36], which reinforce the concept that the transplant community must direct 
attention on how the immune system as a whole responds to a transplant. Discoveries of 
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new molecules, cell populations, functions or pathways have each led to the hope that the 
field has finally reached the point that reliable immune manipulation can now be achieved. 
Once that perspective is gained, we may finally be poised to make the major leaps forward 
in clinical care and outcomes. 
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1. Introduction  
Liver cirrhosis is the final stage of various chronic liver diseases. The concept is essentially 
morphological, defined as a diffuse alteration of hepatic architecture by the presence of 
necrosis, fibrosis and regenerative nodules. These disorders conduct to intrahepatic vascular 
changes and to the reduction of functional mass. Finally, the consequences are the 
development of portal hypertension and the occurrence of liver failure. (Ampurdanés S, 
2002) 

For many decades, alcohol was considered the leading cause of cirrhosis. But actually, viral 
hepatitis by viruses B (HBV) and C (HCV) are recognized as the most important sources. 
(Mandayam S) Another common cause is Nonalcoholic Fatty Liver Disease (NAFLD), 
followed by autoimmune diseases with or without cholestasis, among others. 

1.1 Natural history of liver cirrhosis and its complications 

The studies that provide more data on the natural history of cirrhosis are related to the 
evolution of chronic hepatitis by HBV and HCV. These are based on prospective, 
retrospective and cross studies, but are conditioned by factors that make difficult to 
establish absolute evidence on the natural history of the disease. (Serra MA., 2006) 

Of those patients with HCV, 50% usually develop chronic liver disease including cirrhosis 
and liver cancer. It is estimated that 15% of chronically infected persons develop liver 
cirrhosis within 20 years. (Wiese M, 2005) However, there are individual differences. 
Currently it is known that 33% of patients develop cirrhosis in less than 20 years, while 
another 31% will need many more years in order to develop the same damage. (Serra MA 
2006) 

Usually it is a silent disease. Most patients are asymptomatic or have nonspecific symptoms 
until decompensation occurs. They can start with symptoms related to complications of liver 
failure or portal hypertension. 

Ascites is the most common complication and of earlier onset. Once patients with cirrhosis 
develop ascites the prognosis worsens. It is estimated that approximately 50% of them could 
die within two years if they do not have a transplant. So, this is a major criterion for liver 
transplant evaluation in the United States and Europe. (Settle 2004, Sagnelli 2005) 
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Along with ascites, there may be other serious complication such as spontaneous bacterial 
peritonitis. In these cases, the probability of survival one year after this complication 
appears is only 40%. This is a strong reason for evaluating these patients as candidates for 
transplantation. (Corrao 1997) Similarly, other complications may appear such as hepatic 
encephalopathy and hepatic-renal syndrome. Both also worsen the prognosis. (Mandaya 
2004)  

Variceal hemorrhage occurs in 30 to 40% of patients with liver cirrhosis. In the past two 
decades, even with the improvement achieved in the treatment and in the prognosis after 
bleeding, mortality at six weeks is still high. It is estimated between 15 and 30% in patients 
with stage C of Child-Pugh. (Hands 2008)  

After a first episode of hepatic encephalopathy the survival of cirrhotic patients is 42% in the 
first year, and 23% in the following three years. (Mendez-Sanchez 2005) 

Hepatocellular carcinoma is another major complication and can occur at any stage of 
cirrhosis. It is recognized as the leading cause of death in the compensated phase, especially 
in patients with HCV. (Capocaccia R, 2007; Perz, J.F, 2006) 

1.2 Indication of liver transplantation and survival models 

Liver transplantation is the treatment of choice in acute and chronic irreversible liver failure 
of different etiologies, in primary liver tumors and when an impaired quality of life appears 
by manifestations of liver disease, as intractable pruritus and hepatic osteodystrophy. 

The most commonly used survival models to assess the degree of liver failure and to 
prioritize patients on the waiting list for liver transplantation are: the Child-Pugh score 
(Oellerich M, 1991) and Model for End Stage Liver Disease (MELD) score (Malinchoc M, 
2000). Although currently used primarily MELD, both have been included among the 
criteria for liver allocation in the United States and Europe (Freeman RB Jr, 2004; Adler M, 
2005). 

The Child-Pugh score has been widely used both in research and in clinical practice. For 
these reason, candidates for liver transplantation were prioritized mainly by these score, 
which included subjective measures of encephalopathy and ascites, and time waiting on the 
list. However, the need for a more accurate system in which the urgency of assignment was 
a relevant criterion, determined the introduction of the MELD score that is also very 
valuable as a predictor of mortality and allocation of organs for patients on the waiting list. 
The MELD score had been previously validated as a predictor of 3-month mortality for 
patients with chronic liver disease. (D'Amico G, 2006; Botta F, 2003)  

The MELD system appears superior for comparing populations and has had a positive 
impact on allocation and survival in liver transplantation; however, it is still far from 
perfect. One of the disadvantage of the MELD formula is the loss of prognostic accuracy in 
periods longer than 3 months. The Child-Pugh classification provides superior results for 
periods exceeding one year. For these reasons, some authors recommend implementing 
both systems. (Forman LM, 2001; D'Amico G, 2006; Prieto M, 2007; Durand F, 2005.) 

The Child-Pugh score evaluates five parameters: ascites, encephalopathy, bilirubin, 
prothrombin time and albumin. Although never formally validated, has been the most 
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widely used for decades. It is easy to apply and has proved useful in estimating the 
prognostic index of survival. But some limitations are pointed out such as, not all variables 
have an independent effect, it includes subjective variables like ascites and encephalopathy, 
the cutoff points for quantitative variables are not optimal, and it does not take into account 
certain important prognostic factors such as renal function. (Oellerich M, 1991; Prieto M, 
2007)  

The MELD model uses a mathematical formula with simple and objective variables such as, 
serum concentrations of bilirubin, creatinine and international normalized ratio (INR) of 
prothrombin time. From these variables, you get a score that is predictive of survival. 
Initially it also included the etiology of the disease, but this variable was excluded because a 
minimal influence was observed. (Vargas V 2003) Nevertheless, its application is less 
practical because of the need of computer systems. One of its major limitations is its 
variability due to changes in creatinine and bilirubin. These parameters can be altered by 
treatment, sepsis or hemolysis. The value of creatinine is often affected by diuretics and 
other factors such as age, sex and body mass, which may introduce a bias independent of 
the severity of liver disease. Moreover, the severity of some medical complications, are not 
well reflected in the MELD score. (Prieto M, 2007; Vargas V, 2003; de la Mata, 2004) 

Research is still going in an effort to improve this mathematical model. Many studies have 
proposed the addition of variables that may be of prognostic significance. Recently it has 
been suggested that the addition of sodium to the MELD formula could improve its 
accuracy. Some studies showed that serum sodium lower than 126 mEq/L is an 
independent predictor of mortality among patients listed for transplantation, and the 
addition of sodium to the MELD score increases its prognostic value. In patients with portal 
hypertension and cirrhosis, hyponatremia may be the earliest harbinger of refractory ascites 
and hepatorenal syndrome, and possibly a more sensitive marker than rising creatinine. 
(Taddei TH, 2007) However, this new formula is also subject to interassay variations, as well 
as the potential manipulation can be generated inadvertently by the use of diuretics. It is 
also unknown if its use can lead to increased mortality by neurological causes. For all this, it 
seems premature to use as long as no data are available for validation in larger groups and 
different cohorts. (Cárdenas A, 2008; Jiang M, 2008) Among the new proposals are to include 
the introduction of the measurement of the Hepatic Venous Pressure Gradient (Taddei TH, 
2007), to include ascites, encephalopathy (Ripoll C, 2005; Stewart CA, 2007), sex (S Huo; 
2007) or exclude the INR (Heuman DM, 2007). But is too premature to make conclusions. 

Recently, a new estimator has been projected: the Cuban model Bioclim. This is a score 
calculated by a mathematical model that evaluates the creatinine and bilirubin biochemical 
parameters. It also takes into account: clinical encephalopathy, ascites and variceal upper 
gastrointestinal bleeding, considering the positive or negative response to treatment. 
Compared with Child-Pugh and MELD, the authors of this model (Vilar E, 2009) concluded 
that Bioclim score seems to have a greater discriminatory power in the short-term survival 
(4 to 12 weeks), intermediate term (24 to 52 weeks) and long-term (104 weeks).  

1.3 Studies of survival and prognostic factors 

In order to improve prognostic models many factors have been studied in relation to the 
survival of patients with liver cirrhosis.  
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In a review of 118 studies conducted by D'Amico (D'Amico G, 2006) the Child-Pugh was 
reported as the best predictor of mortality in cirrhosis, followed by the five components 
measured individually. 

Said (Said A, 2004) noted that in one year follow up of cirrhotic patients, male gender, 
MELD score, Child-Pugh and encephalopathy, were associated with increased mortality. 
Independent predictors were the Child-Pugh and encephalopathy. 

Botta (Botta F, 2003) compared the survival of cirrhotic patients at 6 and 12 months using a 
multivariate analysis including variables of Child-Pugh, MELD and a quantitative test of 
liver function test monoetilglicinexylidide (MEGX). At six months, MEGX, creatinine and 
prothrombin time were disposed as predictive factors of lower survival. The ascites was 
added at 12 months. 

Attia (Attia KA, 2008) reported as independent predictors of mortality in 172 African 
patients with cirrhosis, the Child-Pugh score, MELD index, and creatinine.  

London (London MC, 2007), in a study of 308 cirrhotic patients on the waiting list for liver 
transplantation, described the serum sodium and MELD score as independent predictors of 
survival at 3 and 12 months. 

Samada (Samada M, 2008) conducted a study in 144 patients with liver cirrhosis and 
transplant candidates. The variables associated with lower survival at 12 months were: 
prothrombin time, bilirubin, albumin, cholesterol, serum sodium, sex, history of ascites and 
encephalopathy. Also MELD index and Child-Pugh stages were evaluated. But only the 
Child-Pugh score and spontaneous bacterial peritonitis were independent predictors of 
survival.  

In conclusion we can state that detailed clinical evaluation of patients with liver cirrhosis 
and knowledge of prognostic factors associated with survival, could lead to proper 
management of these patients, the appropriate indication for liver transplantation and 
increased survival. This has been the principal motivation of the present study, in order to 
recognize the prognostic factors for survival in patients with cirrhosis within a three year 
period. 

2. Methods 
We performed a descriptive, prospective, and longitudinal study in 194 patients with liver 
cirrhosis. All were referred to the consultation of hepatology and liver transplantation at 
CIMEQ hospital between January 2004 and April 2011. The sample was composed of 144 
patients who met the following inclusion criteria: diagnosis of liver cirrhosis (confirmed by 
laparoscopy, liver biopsy or ultrasound) and rolling up at least 36 months (three years). 
Patients who underwent liver transplantation during the study period, those who were lost 
to follow-up, died of causes unrelated to liver disease, and those who at the time of 
assessment presented hepatocellular carcinoma, cholangiocarcinoma or other malignancies 
were excluded. Were also excluded four patients with spontaneous bacterial peritonitis and 
hepatorenal syndrome. The frequency of evaluations was determined by clinical assessment 
of patients at least twice a year.  

The confirmation of alcoholic and viral etiology was performed. The surface antigen for 
hepatitis B virus (HBsAg) by UMELISA HBsAg and antibody for HCV by HCV–UMELISA, 
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both produced by the National Center for Immunoassay in Havana, Cuba were 
investigated. HCV infection was confirmed by qualitative PCR (UMELOSA) produced by 
the National Center for Immunoassay in Havana, Cuba. The criterion for toxic alcohol 
intake was: 60 g daily intake for men and 40 g for women over 10 years. (Cavalry J, 2002) 
Patients with HBV or HCV and alcohol were included in the viral etiology, because liver 
damage is increased more by the virus than by alcohol. (Safdar K, 2004) 

2.1 Variables studied 

The variables studied were: 

- Sex and age. 
- Laboratory variables: INR, total bilirubin (normal up to 17μmol/L), albumin (normal 

value 35-48 g/L) and creatinine (normal value up to 123 μmol/L). 
- Presence of esophageal varices: established in present or absence depending on the 

report of the upper digestive tract endoscopy, once these were classified according 
Paguet. (González M, 2007) 

- Variables related to complications of cirrhosis: diagnostic criteria considered for the 
purposes of the study were selected taking into account the complications of the 
cirrhotic disease established AEEH guides. (Berenguer J et al, 2001). 

- Ascites: fluid in the abdominal cavity detected by physical examination and/or 
abdominal ultrasound. We determined the presence of this complication if the patient 
had ascites at the time of assessment or had a history of it. 

- Hepatic encephalopathy: presence of neuropsychiatric disorders that occur in patients 
with severe liver dysfunction. We used this complication if it was present at the time of 
the evaluation or the patient's history, family and clinical summary of the center of 
origin.  

- Upper gastrointestinal bleeding (UGB): presence of hematemesis or melena associated 
with esophageal varices and/or portal gastropathy. We evaluated the history of this 
complication by questioning the patient, the clinical summary sent by the center of 
origin or having been submitted for evaluation. 

- Hepatocellular carcinoma, we sought the presence of hepatocellular carcinoma during 
follow-up by surveillance strategy for this disease in cirrhotic patients. The strategy was 
based monitoring by abdominal ultrasound and determination of serum alpha-
fetoprotein every 6 months (twice a year). 

- Classification of Child-Pugh: used to evaluate the degree of liver failure in patients with 
cirrhosis. It has three stages according to score: A, B, C (see Table 1). (Pugh RNH, 1973) 

- MELD: score used to assess the degree of liver failure and prioritize patients on 
transplant waiting list. The MELD score was calculated according to the original 
formula proposed by the Mayo Clinical group as follows: [9.57 × loge creatinine mg/dL 
+ 3.78 × loge bilirubin mg/dL + 11.20 × loge INR + 6.43 (constant for liver disease 
etiology)]. (Kamath PS, 2001) 

- Compensated liver cirrhosis: patients with or without varices but who have not showed 
any of the complications of cirrhosis. 

- Decompensated liver cirrhosis: defined by the presence of ascites, variceal bleeding, 
encephalopathy and/or jaundice. (Gines P, 1987) 

- Survival time: defined from the first assessment in consultation until the date the study 
was closed. 
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 Child-Pugh classification 
Parameter A B C 
Ascites none  slight-moderate tense 
Hepatic encephalopathy (grade)  none  I-II  III-IV 
Serum bilirubin (μmol/L) <51  51-102 >102 
Serum albumin (g/L)  >34  25-34  <25 
Prothrombin time (%)  >60  46-60  <46 
Score  5 to 6 7 to 9 10 to 15 

The total score classifies patients into grade A, B, or C (ordinal scale) according to the points on 
continuous 5-15-point scale, which depends on ascites, encephalopathy, jaundice, serum albumin, and 
prothrombin time prolongation(Pugh RNH, 1973) 

Table 1. Child-Pugh classification for the survival prognosis in liver cirrhosis 

2.2 Statistical analysis 

The data were processed using SPSS 13.0 for Windows. The results are presented as means ± 
standard deviations and confidence intervals of 95% for quantitative variables and as 
percentages for categorical variables. For comparison of continuous variables the t test 
comparison of independent means and chi-square test to compare categorical variables was 
used. Survival analysis was performed using the Kaplan-Meier curves; we used the cutoff 
points at 36 months (three years). We performed a Cox regression analysis to estimate the 
independent effects of potential predictors of survival that had been significant in univariate 
analysis. For all tests a significant level of 0.05 was set. 

3. Results 
Of the 144 patients, 94 (65.2%) were male and 50 (34.7%) females. Everyone had a minimal 
follow up of 36 months with a mean of 43.27 ± 12.97, minimum of three months for those 
who died and up to 73 months for the rest. 

The average age was 47.8 years with a standard deviation of 12.9. Younger age was 18 years 
old and the oldest 87. The group with the highest number was between 40 and 60 years old 
with 84 patients (58.35%) as shown in Table 2. 
 

All patients 144 
Follow-up time (months) 43.27 ± 12.97 (3-73) 
Sex (Male/Female) 94/50 
Age (years) 47.8 ± 12.97 (18-87) 
<40 years 33 (22.9%) 
40–60 years 84 (58.3%) 
>60 years 27 (18.8%) 

Table 2. Baseline characteristics of all patients 

The most common cause of cirrhosis in the study was HCV (42 patients, 29.1%), followed by 
alcohol (33 patients, 22.9%). The group "others" (46 patients, 31.9%) involved autoimmune 
hepatitis, primary biliary cirrhosis, sclerosing cholangitis, Wilson's disease, congenital 
hepatic fibrosis and cryptogenic (Table 3).  
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Etiology of cirrhosis Patients 
Alcohol 33 (22.92%) 
Hepatitis C virus 42 (29.17%) 
Hepatitis B virus 23 (15.97%) 
Others 46 (31.94%) 
Total 144 (100%) 

Table 3. Etiology of cirrhosis 

Table 4 and 5 show the clinical and laboratory characteristics of all patients. At the 
beginning of the evaluation 40 (27.7%) had not developed complications of cirrhosis and 104 
(72.2%) had one or more of them. 
 

Compensated cirrhosis (yes/no) 40 (27.8%) / 104 (72.2%) 
Presence of varices (yes/no)  96 (66.7%) / 48(33.3%) 

Compensated cirrhosis(yes/no)  15 (37.5%) / 25 (62.5%) 
Decompensated cirrhosis(yes/no) 81(77.8%)/23 (22.1%) 

Child Pugh classification  
A 56 (38.8%) 
B 46(31.94%) 
C 42(29.16%) 

Child - Pugh score 8.02 ± 2.6 
MELD score  13.36 ± 5.74 
Previous encephalopathy (yes/no)  21 (14.65)/123(85.4%) 
Previous ascites (yes/no)  92 (63.9%) / 52 (36.15%) 
Previous variceal bleeding (yes/no) 35 (24.3%) / 109 (75.7%) 
Hepatocellular carcinoma (yes/no) 7 (4.9%) / 137 (95.1%) 

Table 4. Clinical characteristics 

According to Child-Pugh stages predominated A (56 patients, 38.8%), followed by B (46 
patients, 31.9%) and C (42 patients, 29.1%). The average score was 8.02 ± 2.6. The mean 
MELD score was: 13.36 ± 5.74. 
 

Laboratory test  
Bilirubin (μmol/L) 48.06 ± 59.4 
Albumin (g/L) 34.10 ± 8.30 
INR 1.45 ± 0.51 
Creatinine (μmol/L) 83.53 ± 25.35 

Table 5. Laboratory characteristics 

96 patients showed esophageal varices (66.7%). Of these, 15 (37.5%) were in compensated 
stage and 81 (77.8%) in the decompensated one. Of these, 35 (24.3%) had at least one episode 
of gastrointestinal bleeding. 

The most frequent complication was ascites (92 patients, 63.9%), followed by bleeding from 
esophageal varices (35 patients, 24.3%) and hepatic encephalopathy (21 patients, 14.6%). 
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Seven patients were diagnosed with hepatocellular carcinoma during follow-up and in two 
patients who were in Child A stage, it was considered as the cause of decompensation.  

3.1 Survival of patients at three years 

Of the 144 patients studied, 65 (45.1%) died from complications of liver cirrhosis between 
January 2004 and April 2011. Overall survival was 62.5% at three years follow-up, with a 
mean of 48.05 months and 95% between 43.2-52.8 months (see Figure 1). 

As shown in Figure 2 and Table 6, survival of patients with compensated liver cirrhosis was 
85% at three years with a mean of 60.27 months (CI 53.96-66.58). Patients who had 
complications had a survival rate of 53.8% with a mean of 42.4 months (CI 36.59-48.20)  
(p <0.001). Of the patients with compensated liver cirrhosis at a baseline, the seven who died 
during the follow-up period were due to complications of the disease. Two of them 
presented HCC. 
 

Cirrhosis Median (months) CI 95% P 
Compensated 60.27 53.96 – 66.58 p<0.001 
Decompensated 42.40 36.59 – 48.20  

Table 6. Survival of patients with compensated and decompensated liver cirrhosis 

As presented in Table 7, univariate analysis showed continuous variables that were associated 
with significantly poorer survival such as, age of the patients (p = 0.017), bilirubin (p = 0.04), 
albumin (p <0.001 ), the INR (p <0.001), Child-Pugh score (p <0.001) and MELD score  
(p <0.001). Creatinine did not behave the same way (p = 0.779). 

Categorical variables that were associated with a significantly lower survival were, male sex 
(p = 0.033), history of ascites (p = 0,001), of hepatic encephalopathy (p = 0.032), and the 
development of hepatocellular carcinoma (p = 0.003). The bleeding, did not behave the same 
way. (Table 7). 
 

Value Surviving Deceased p 
Patients 79 65  
Sex (male/female) 46/33 48/17 0.033 
Age (years, SD) 45.4 ± 13.2 50.66 ± 12.09 0.017 
Previous ascites (yes/no) 41/38 51/14 0.001 
Previous encephalopathy (yes/no) 7/72 14/51 0.032 
Hepatocellular carcinoma (yes/no) 0/79 7/58 <0.001 
Previous variceal bleeding (yes/no) 18/61 17/48 0.639 
Compensated cirrhosis (yes/no) 32/47 8/57 <0.001 
Bilirubin (µmol/L) 35.18 ± 50.18 63.72 ± 66 0.04 
Albumin (g/L) 37.56 ± 7.74 29.97 ± 7.03 <0.001 
INR 1.31 ± 0.49 1.62 ± 0.49 <0.001 
Creatinine (µmol/L) 84.03 ± 24.6 82.94 ± 26.32 0.779 
Child- Pugh score 7.0 ± 2.1 9.27 ± 2.63 <0.001 
MELD score 11.45 ± 4.99 15.67 ± 5.77 <0.001 

Table 7. Clinical and biochemical characteristics of the 144 cirrhotic patients at 3 years follow-up 
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Fig. 1. Overall survival 
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Fig. 2. Survival of patients with compensated and decompensated liver cirrhosis 
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In the analysis of the survival curves of Kaplan-Meier, categorical variables that had 
significantly lower survival were male gender (56.4%, average 43.69, 47.56-61.0), the history 
of ascites (51.1%, average 41.3 months; 35,06-47.53) hepatic encephalopathy (38.1%, mean 
30.85 months, 17.67, 44.04), the development of hepatocellular carcinoma (0%, average 11.42, 
4.09-18.76) and Child-Pugh stages with 80.8% survival for stage A, 69.9% for B and 31% for 
C (Table 8). Upper gastrointestinal bleeding for varicose veins was not associated with 
survival. 
 

Variable Survival at 36 
months (%) 

Median 
(months) 

CI 95% p 

Sex: Female 74% 54.28 47.56- 61.0 0.033 
Male 56,4 43.69 37.52- 49.87  

Ascites: No 82.7 57.722 51.75- 63.69 0.001 
Yes 51.1 41.300 35.06- 47.53  

Encephalopathy: No 66.7 50.95 45.96- 55.92 0.032 
Yes 38.1 30.85 17,67- 44.04  

Variceal bleeding: No 61.5 47.85 42.23- 53.46 0.639 
Yes 65.7 47.68 38.62- 56.73  

HCC: No 65.7 49.92 45.07-54.77 <0.001 
Yes 0 11.42 4.09-18.76  

Child- Pugh: A 80.8 58,04 52.28-63.81 <0.001 
B 69.6 51.71 44.30-59.13  
C 31.0 26.42 17.88-34.97  

Table 8. Univariate analysis of categorical variables to three years of survival 
 

 Exp(β) p 
Age 1.024 0.029 
HCC 2.377 <0,001 
Child-Pugh 1.378 <0,001 

Table 9. Predictors of survival of liver cirrhosis at 3 years follow- up Cox regression 

4. Discussion 
According to different authors, cirrhosis caused by alcohol and HCV are more frequent in 
the fifth and sixth decades of life, and in males. (Safdar K, 2004; Sagnelli E, 2005; Benvegnù 
L, 2004) Recent series described that the most common causes of liver cirrhosis are due to 
HCV, HBV, and alcoholism. These causes can vary between them by geographic area. 
(Dehesa-Violante M, 2007; Fattovich G, 2008) 

These conclusions coincide in this series, since the average age was 47.8 ± 12.95 years. The 
group more frequent were in patients between 40 to 60 years, male sex and the most 
frequent causes of cirrhosis were HCV and alcohol. 

Cirrhosis is often manifested as a silent disease. In the compensated phase the diagnosis can 
be made by nonspecific manifestations or laboratory findings, whereas in later stages the 
disease may debut by its complications. (Heidelbaugh JJ, 2006) At the beginning of the study 
27.8% of patients were in compensated phase and 72.2% had developed complications. 
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Fig. 3. Survival of patients according the Child-Pugh score 
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Fig. 4. Survival of patients according the diagnosis of hepatocellular carcinoma 
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The presence of esophageal varices was more frequent in decompensated liver cirrhosis. 
Ascites was the most common complication followed by gastrointestinal bleeding, which 
coincides with reports of other authors (Gines P, 1987). As is known, the higher frequency of 
esophageal varices is also associated with ascites and with the advanced stage of Child-
Pugh. (Samada M, 2008; Sarwar S, 2005; Dib N, 2005) 

In this series, overall survival at three years follow-up was 62.5%, which approximates to 
the average values to the review of natural history and survival in cirrhosis of 118 studies 
conducted by D'Amico. (D'Amico G, 2006) They reported on 32 studies of survival, with 
median follow-up of 33 months, cumulative survival of 61%.  

Overall survival is less specific because patients are very heterogeneous regarding the 
presence or absence of complications. In conducting the study it was observed that patients 
that were at the beginning of the evaluation in compensated and decompensated stage, 
presented survival rates with significant differences, with 85% and 53.8% respectively. It is 
reported that the development of hepatocellular carcinoma is a major cause of mortality in 
patients in compensated phase and the transition to the decompensated stage may be 5 to 
7% per year (D'Amico G, 2001). In the present study, HCC was the cause of death in 28.5% 
of patients who were compensated and the rest died of other cirrhosis complications.  

As identified by D'Amico (D'Amico, 2006), compensated cirrhosis by the absence of 
complications includes two states, patients without varices or ascites (state 1) and patients 
with varicose veins but without ascites (state 2). Although they have different prognoses, 
mortality is low (1% per year for state 1 and 3.4% for state 2). On the other hand, 
decompensated cirrhosis (stages 3 and 4) has a significantly higher mortality (20% per year 
for the state 3 and up to 57% in 4). This classification was accepted at the Consensus 
Conference of Portal Hypertension, Baveno IV (De Franchis R, 2000) and modified states 
Baveno decompensated phase V (D 'Amico G, 2011) 

Many factors have been studied in relation to the survival of patients with liver cirrhosis 
and to improve forecasting models. In the study by D'Amico (D'Amico, 2006), it was 
reported that the Child-Pugh was the best predictor of mortality in cirrhosis, followed by 
the five components measured individually. Age was the only variable that was predictive 
of survival in more than 10 studies, and that was not part of the Child-Pugh score. These 
data are consistent with those presented by the authors of this paper. The univariate 
analysis showed that in addition to Child-Pugh, MELD, age, sex and liver cancer were 
associated with lower survival of the five variables of Child-Pugh, bilirubin, albumin, INR 
from prothrombin time, ascites and encephalopathy. 

In our series, creatinine was not a factor associated with survival, which corresponds with 
other authors. (Degre D, 2004; Ruf AE, 2005) In relation to sex as a prognostic factor, we 
must consider that the United States 56 409 deaths related to hepatitis C in the period 1995-
2004, there was an increase in mortality from 1.09 to 2.44 per 100 000 inhabitants. This 
represented an increase of 123% in the period studied, a male predominance with 144% and 
81% in females. Alcohol was a cofactor related and could be underestimated. These data 
confirm the higher male mortality by the two leading causes of cirrhosis, hepatitis C and 
alcohol (Wise M, 2008) 

Ascites is one of the earliest and most frequent complications of liver cirrhosis. 
Approximately 50% of patients with compensated cirrhosis, can develop ascites within 10 to 
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15 years after diagnosis, with a mortality of 15% per year and 44% within five years follow-
up (Planas R, 2006). In this study, the survival at three years follow-up was 51.1%, indicating 
that all patients with ascites should be evaluated for liver transplantation, preferably before 
they develop renal dysfunction, and worsening prognosis.  

Encephalopathy is a complication involving low survival. Bustamante et al. (Bustamante J, 
1999), followed for 12 ± 17 months 111 patients with cirrhosis who had a first episode of 
acute encephalopathy, and found that 74% died during follow-up, with a survival rate of 
42% per year. In this series the survival at three years was 38.1%.  

Hepatocellular carcinoma was the complication that had lower survival; within 11.4 months 
mean follow-up there was no survivor. This complication can occur at any stage of cirrhosis 
and is associated with increased frequency in viral causes, so it is very important to increase 
surveillance programs for early diagnosis and thereby obtain prolonged survivals rates. 
(Capocaccia R, 2007; Perz JF, 2006) In studies of cirrhosis caused by HBV and HCV has been 
the leading cause of mortality, especially in patients with HCV. (Perz JF, 2006) 

In the survival analysis of MELD and Child-Pugh, it was observed that as they grow, the 
rate decreases in relation to time tracking. Although the MELD system is the outcome of 
choice to give priority to patients on the waiting list for liver transplantation in the 
Consensus Document of the Spanish Society for Liver Transplantation published in 2008, it 
is argued that currently there are not available data for the Child-Pugh classification no 
longer used in favor of the MELD system and recommend to apply both models with their 
advantages and limitations in the future to decide which method is most convenient. 
Spanish Society for Liver Transplantation. (Spanish Society for Liver Transplantation, 2008) 

In the work developed in short and long term, the Child-Pugh score has proven to be a good 
predictor of mortality. In a review by Cholongitas (Cholongitas E, 2006) on studies that 
compare the MELD and Child-Pugh, performed with patients on the waiting list for liver 
transplantation that included 12 532 cirrhotic patients, only 4 of 11 studies showed that the 
MELD is superior to Child-Pugh in predicting short-term mortality and Gotthardt et al 
(Gotthardt D, 2009) from the results of their work, consider that for the prediction of long-
term mortality (estimated at one year) and removal from the waiting list of patients awaiting 
transplantation, monitoring should be better by Child-Pugh score than by MELD. This 
might have implications for the development of new improved scoring systems 

In this series, we found on univariate analysis similar significance of Child-Pugh and MELD 
index as predictors of survival at three years follow-up. But the Child-Pugh acted as an 
independent predictor of survival. 

The prediction of MELD can rise to associate other factors such as clinical or biochemicals. 
Some studies have shown the prognostic contribution of the addition of sodium to MELD 
(Ruf AE 2005, Biggins SW 2005), as well as ascites and encephalopathy. (Somsouk M, 2009, 
Stewart CA, 2007) It has been shown that patients with severe ascites and low sodium, low 
MELD even have very poor prognosis and suggest incorporating these two elements to the 
MELD (Heuman DM, 2007).  

In another review of prognostic models for priority to liver transplantation, with numerous 
suggestions for additions to the MELD concluded that the MELD-sodium store is better able 
to predict survival on the waiting list than the Standard MELD score. (Cholongitas E, 2010) 
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Biselli M et al (Biselli M 2010) evaluated the survival of patients with advanced liver 
cirrhosis, liver transplant candidates at 3, 6 and 12 months. Six scoring systems used, 
included the modified Child Pugh (MCTP) and the standard MELD, and four of its 
modifications. The modified CTP (Huo TI, 2006) was obtained by assigning an additional 
point in patients whose serum bilirubin was > 8 mg/dL, prothrombin time prolongation >11 
seconds, or albumin <2.3 g/dL, accordingly a mCTP score of 16-18 was defined as class D, 
which identifies severely decompensated cirrhosis. In this study population, the prognostic 
power of mCTP did not differ from that of MELD, MELD-sodium and integrated MELD 
were the best prognostic models. 

Although these models are used to assess the short-term survival and give priority for liver 
transplantation, it would be interesting to determine their behavior in pursuit of longer than 
one year. 

5. Conclusions 
Age, Child-Pugh score and the development of hepatocellular carcinoma behaved as 
independent predictors of survival within three years of monitoring. 

Undoubtedly, the Child-Pugh has a good long-term predictive capacity and the development 
of hepatocellular carcinoma can vary the prognosis of these patients in the short term, so 
you should keep a surveillance system for early detection.  
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1. Introduction 
Ammonia plays a major role in the pathogenesis of hepatic encephalopathy (HE). Systemic 
hyperammonemia has been largely found in patients with HE with underlying cirrhosis and 
acute liver failure. HE is associated with a poor prognosis of both acute and chronic liver 
disease (Bustamante, Rimola et al. 1999; Hui, Chan et al. 2002). Cirrhosis is the major cause 
of chronic liver dysfunction and affects 6.5 million people worldwide (Eurostat. 2010, as 
cited in Albrecht, 2010). HE is the hallmark for acute liver failure (ALF), a syndrome with 
very high mortality in which liver transplant is the often the only effective treatment. 

The HE pathophysiological mechanisms include alterations of blood brain barrier function 
cytokine production, ammonia-induced changes in neurotransmitter synthesis and release, 
neuronal oxidative stress, impaired mitochondrial function and osmotic disturbances 
resulting from astrocytic metabolism. However, none of the metabolic discoveries have yet 
lead to a therapy which improves prognosis. In the clinic, liver transplantation remains the 
only curative therapeutic option. Cytotoxic brain edema and intracranial hypertension 
occurring in encephalopathic ALF patients account for a large number of deaths owing to 
cerebral herniation. It has been shown that in chronic liver failure there is a low grade brain 
edema (Andrade, Lucena et al. 2005) that is resolved after transplantation. In comatose 
patients, moderate hypothermia using cooling blankets to depress energy consumption in 
the brain seems to be the only relatively effective palliative therapy, but it is expensive, 
difficult to implement, and not routinely available (Stravitz, Lee et al. 2008; Albrecht 2010). 

Studies focusing on inter-organ ammonia metabolism in patients with cirrhosis indicate that 
the liver, muscles, kidney and the small bowel are important in regulating the circulating 
levels of ammonia. Historically it was thought that the majority of ammonia was produced 
by gut bacteria, and treatment regimens including non-absorbable antibiotics and enemas 
have been extensively used. Contrary to popular belief, it has now been shown that at least 
50-60% of total gut ammonia is derived from uptake of glutamine, which is metabolized to 
glutamate and ammonia by the enzyme glutaminase (GA) (Olde Damink, Jalan et al. 2002; 
Romero-Gomez, Ramos-Guerrero et al. 2004). Ammonia that would normally be converted 
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to urea by a healthy liver increases to toxic levels. In this situation, the enzyme glutamine 
synthetase (GS) plays a pivotal role in ammonia detoxification, effectively removing 
ammonia during the conversion of glutamate to glutamine (Rose, Michalak et al. 1999). 
Glutamine deamidation by intestinal GA seems to be the main source of ammonia in 
patients with cirrhosis (Olde Damink, Jalan et al. 2002), and hyperammonaemia and hepatic 
encephalopathy can appear without the participation of gut bacteria (Weber and Veach 
1979).  

The following data support the hypothesis that a genetic factor is implicated in the 
development of overt hepatic encephalopathy: Glutaminase activity has been linked to 
hepatic encephalopathy and ammonia production; 40% of persons with cirrhosis and 
minimal hepatic encephalopathy do not develop overt hepatic encephalopathy in long-term 
follow-up (Romero-Gomez, Boza et al. 2001); patients with cirrhosis who have the same 
degree of liver dysfunction and the same precipitating factor (for example, variceal 
bleeding) may or may not develop overt hepatic encephalopathy; and at least 2 different 
polymorphisms in the promoter region of the glutaminase gene influence protein activity by 
increasing or decreasing glutaminase activity (Taylor L 2001). 

In this chapter we analyze the studies supporting the inhibition of glutaminase based in the 
identification of mutations in the glutaminase gene to facilitate selection of patients for close 
monitoring and evaluation for expedited transplantation. Firstly, we have identified a 
variant in the promoter region of the glutaminase gene that increases glutaminase activity 
and is associated with the development of HE. Following a simple blood test to identify 
these patients with the variant, it would be possible to offer a treatment with glutaminase 
inhibitors. Based on these and another studies we have developed a new molecule, THDP17 
that inhibits glutaminase in CACO-2 cell cultures (intestinal cells). 

An alternative treatment to HE is currently being investigated: Ornithine phenylacetate 
(OP). OP is a novel drug that is targeted at reducing ammonia concentration in patients with 
liver disease and therefore a potential treatment for HE (Jalan, Wright et al. 2007). The 
mechanism by which OP directly reduces ammonia levels in cirrhosis is by normalization of 
gut glutaminase activity and concomitant increasing muscle glutamine synthesis activity, 
subsequently trapping the increased glutamine with phenylacetate,and increasing ammonia 
excretion as phenylacetylglutamine in the urine.  

These studies support glutaminase such as focus for new treatments of HE and the 
identification of a genetic variation greatly facilitates the selection of patients for close 
monitoring and evaluation for expedited transplantation. 

2. Glutaminase genetic study 
It has been described that there are two forms of mitochondrial glutaminase in the body, 
liver type glutaminase (L-GA) and kidney type glutaminase (K-GA) or extrahepatic (located 
in other organs such as the intestine). In humans, increased glutaminase activity is localized 
to the duodenum. There are indirect data suggesting that glutaminase activity in the 
enterocyte is increased in cirrhotic patients, as demonstrated by the fact that after oral 
administration of glutamine there is a rapid increase in blood ammonia level in cirrhotic 
individuals but not in healthy controls (Romero-Gomez, Grande et al. 2002). 
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Hyperammonemia is noticably marked in patients with liver cirrhosis with poor liver 
function, but this increase in ammonia production following a glutamine challenge returns 
to normal after liver transplantation and normalization of liver function. The specific 
activity of glutaminase in the enterocyte is a crucial point in the stability of nitrogen 
metabolism in patients with liver cirrhosis. It has been shown that glutaminase activity is 
increased in cirrhotic subjects compared to controls and that this activity is related to the 
presence of encephalopathy and the degree of hepatic dysfunction (Romero-Gomez, Ramos-
Guerrero et al. 2004). Thus, also the accumulation of glutamine in the astrocyte is 
responsible, in large part on the toxicity induced by ammonia (Albrecht and Norenberg 
2006). 

The cDNA of the human renal-type glutaminase (HK-GA) was cloned in 1998 and 
subsequently further cDNAs have been isolated encoding for three isoforms of HK-GA, 
which were designated as K-GA (which is predominantly expressed in kidney, intestine and 
brain but not liver), M-GA (which is expressed only in cardiac and skeletal muscle), and  
C-GA (which is expressed primarily in cardiac muscle and pancreas but not in brain or 
liver). The K-GA isoform is localized to the kidney and has 669 amino acids, C-GA, a protein 
of 598 amino acids and differs from the K-GA in the carboxyl terminus and the M-GA is a 
protein of 169 amino acids, which is identical to C-GAP up to amino acid 161 only varying 
for the c-terminal 8residues. After sequencing the genomic DNA, it was proposed that the 
three isoforms were the product of alternative splicings of the same gene. Recently 
described two haplotypes of this gene: TACG and CACG, which place a lower activity of 
glutaminase, which results in lower intestinal production of ammonia and improved liver 
function and lower risk of developing hepatic encephalopathy (Romero-Gomez 2005). 

We assessed whether alterations in the glutaminase gene could explain, at least in part, the 
risk for overt hepatic encephalopathy in patients with cirrhosis. We have described a 
variation in the promoter region of the glutaminase gene that is associated with 
development of HE in patients with cirrhosis (Romero-Gomez, Jover et al. 2010).  

This study included subjects from outpatient clinics from 6 Spanish hospitals: 109 
consecutive patients with cirrhosis in the estimation cohort, 177 patients in the validation 
cohort, and 107 healthy control participants. Patients were followed every 3 or 6 months 
until the development of hepatic encephalopathy or liver transplantation, death, or the end 
of the study.  

The genetic analyses showed that glutaminase TACC and CACC haplotypes were linked to 
the risk for overt hepatic encephalopathy. Mutation scanning of the glutaminase gene 
identified a section in the promoter region where base pairs were repeated (a microsatellite). 
Over a mean follow-up of 29.6 months, hepatic encephalopathy occurred in 28 patients 
(25.7%) in the estimation cohort. Multivariable Cox models were used to determine the 
following independent predictors: Child–Turcotte–Pugh stage (hazard ratio [HR], 1.6 [95% 
CI, 1.29 to 1.98]; P=0.001), minimal hepatic encephalopathy (HR, 3.17 [CI, 1.42 to 7.09]; 
P=0.006), and having 2 long alleles of the microsatellite (HR, 3.12 [CI, 1.39 to 7.02]; P=0.006). 
The association between 2 long alleles of the microsatellite and overt hepatic 
encephalopathy was confirmed in a validation cohort (HR, 2.1 [CI, 1.17 to 3.79]; P=0.012). 
Functional studies showed higher luciferase activity in cells transfected with the long form 
of the microsatellite, which suggests that the long microsatellite enhances glutaminase 
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transcriptional activity. In Figure 1 is shown that patients with long microsatellite showed 
higher risk of overt hepatic encephalopathy. 
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Fig. 1. Actuarial curve showing patients free of bouts of overt hepatic encephalopathy 
according to the microsatellite in the promoter region. Patients with long microsatellite 
showed higher risk of overt hepatic encephalopathy (log-rank: 7.74; p<0.01) 

3. Effects of Ornithinephenylacetate on glutaminase activity in bile duct rats: 
Inflammation and ammonia 
In cirrhotic patients it has been shown that the effects of hyperammonemia are synergistic 
with inflammation (Shawcross, Davies et al. 2004). The effects on cell swelling by cytokines 
in ammonia-sensitized cultured astrocytes has also been shown (Rama Rao, Jayakumar et al. 
2010). However, the mechanisms by which ammonia produces brain swelling are still 
subject of much investigation. Although the effects on inflammatory processes have been 
found to contribute to the formation of cerebral edema, it is not clear whether ammonia 
promotes inflammation or both are independent factors. Inflammatory pathways identified 
as contributing to the edema include cyclo-oxygenase, nitric oxide (NO)/cyclic guanosine 
monophosphate (cGMP) signaling and cytokine release (Andrade, Lucena et al. 2005; 
Montoliu, Piedrafita et al. 2009; Montoliu, Rodrigo et al. 2010).  
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Hyperammonemia could increase blood-brain-barrier permeability to systemic cytokines. It 
is also possible that several factors associated with the systemic inflammatory response 
syndrome could modulate brain dysfunction induced by hyperammonaemia. These 
processes, together with a genetic factor, may help to explain the differences that sometimes 
exist between lower ammonia levels and observed brain impairment in some patients. It has 
been shown that the presence of HE grade 3/4 correlates better with inflammation than with 
ammonia plasma levels (Shawcross, Sharifi et al. 2010), though extracellular brain ammonia 
levels may be significantly higher. One recent study showed that in a cirrhosis animal model 
in which plasma and brain cytokines were markedly elevated following administration of 
lipopolysaccharide (LPS), pre-treatment with OP prevented increased levels of TNFα and 
IL-6 (trend) in plasma and in brain observed in the control group (Wright G 2010). 
Moreover, OP reduced LPS induced development of pre-coma/coma and worsening of 
brain edema. It is well-known that the transcription of NFkB directly increases pro-
inflammatory cytokines and leads to induction of nitric oxide synthase. (Li and Verma 2002). 
OP reduced iNOS and NFkB expressions in the cortical brain region of cirrhotic animals, 
indicating that ammonia reduction may modulate neuroinflammation. In cirrhosis a 
paradox exists between reduced intrahepatic NO generation and excess NO in the 
splanchnic circulation. Splanchnic vasodilatation leads to vasoconstriction of numerous 
vascular beds, including the liver, kidneys, and has significant effects on the brain. 
Asymmetric dimethylarginine (ADMA) is an endogenous inhibitor of eNOS (endothelial 
nitric oxide synthase), the levels of which are increased in liver failure (Leiper, Nandi et al. 
2007; Mookerjee, Malaki et al. 2007). It has been shown that treatment of cirrhotic rats with 
OP resulted in restoration of the NOS pathways which may have a direct effect on cerebral 
perfusion (Balasubramaniyan, Wright et al. 2011).  

Physical symptoms of HE and minimal HE have been detected by motor-evoked potentials 
(MEP) which examines the function of signal transmission along the nerve, which is 
perturbed by low grade brain edema. Similar disturbances have been found in patients with 
cirrhosis using magnetic resonance (MR), with signs compatible with low-grade edema 
along the corticospinal tract. These abnormalities were related to functional impairment 
detected by transcranial magnetic stimulation and were found to be reversed after liver 
transplantation. Recently the assessment of MEP in awake rats has been validated to 
monitor HE in animal models of liver failure (induced by portocaval anastomosis-PCA) and 
precipitated HE (simulated gastrointestinal bleed-GB). These models have been utilized to 
test the efficacy of OP, demonstrating that OP treatment prevents the neurophysiological 
abnormalities induced by a GB insult in PCA animals. Administration of OP over differing 
time periods (between 3 hours and 3 days) as a pretreatment prevents the decrease in the 
amplitude and increase in MEP latency at 6 hours post GB (Oria M, Romero-Gimenez J et al. 
2011).  

In preliminary studies, it has been shown that the combination of ornithine with 
phenylacetate to treat hyperammonaemia in cirrhosis is effective in animal models. 
Administration of OP results in increased conversion of glutamate to glutamine by 
stimulation of GS activity in the muscle with the subsequent excretion of 
phenylacetylglutamine in the urine. GA has been found to contribute to hyperammonaemia 
in cirrhosis and in hyperammonaemia animal models (Romero-Gomez, Grande et al. 2004; 
Romero-Gomez, Jover et al. 2006). 
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In this novel approach to target the altered interorgan ammonia metabolism in liver failure, 
OP utilizes the activity of GS to trap ammonia as glutamine, then phenylacetate facilitates its 
excretion as phenylacetylglutamine (Davies, Wright et al. 2009; Ytrebo, Kristiansen et al. 
2009). The effectiveness of this approach with OP has been confirmed in animal models of 
cirrhosis and ALF. The reduction (≈50%) of plasma ammonia was associated with (a) an 
improvement in grade of HE in cirrhotic patients and (b) a reduction in ICP in acute liver 
failure. OP treatment significantly reduced ammonia concentrations, which was associated 
with a reduction in brain water and an increase in myoinositol levels, indicating an 
improvement in brain metabolism (Jalan, Wright et al. 2007; Davies 2009; Ytrebo LM 2009).  

In a devascularised pig model of ALF, the rise in arterial ammonia was attenuated with OP 
which was accompanied by a significant decrease in extracellular brain ammonia and 
prevention of intracranial hypertension (Ytrebo, Sen et al. 2006). 

In our studies we included twenty-five male Sprague-Dawley rats: 4 sham operated, and 21 
BDL. 5 BDL’s received OP (5 days, IP 0.6 g/kg), 5 BDL’s received ornithine (5 days, IP 0.6 
g/kg), 5 BDL’s received phenylacetate (5 days, IP 0.6 g/kg) and 6 received saline (IP). We 
measured plasma levels for: ammonia and standard biochemical markers. Expressions of 
GS, GA and ornithine amino transferase (OAT) were determined by Western-blot 
(expressed as a % of sham values) and enzyme activity was determined by end-point 
methods in liver, kidney, gut, muscle and lung. We found that plasma ammonia was 
decreased in BDL-OP rats vs. BDL-saline (58.97±6.02 vs. 106.2±20.56 µmol/L;P<0.05). BDL-
OP rats showed increased GS expression in liver (66% BDL-OP vs. 55% BDL-saline; P < 0.01) 
and showed further increased levels in the muscle (153% BDL-OP vs.142% BDL-saline). OP 
ameliorates the BDL related increases in glutaminase expression (124%vs.163%; P<0.05) and 
activity (0.45±0.16mIU/mg protein BDL-OP vs. 1.14±0.046mIU/mg protein BDL-saline; 
P<0.01) in gut. We demonstrated that this prevention is due to effect of ornithine in 
glutaminase activity (0.46±0.17mIU/mg protein BDL-O vs. BDL-saline; P<0.05) and not to 
phenylacetate. OP treatment in BDL rats increased the conversion of glutamate to glutamine 
by stimulation of GS in the muscle and also resulted in normalization of glutaminase 
expression and activity in the gut, indicating that OP effectively restricts the production of in 
vivo ammonia in a cirrhotic. Mechanism of action of OP on the metabolism of ammonia is 
shown in the Figure 2. 

4. THDP-17: Glutaminase inhibitor in CACO-2 cultures 
It has been described as a glutaminase inhibitors Mersalyl, N-ethylmaleimide and 6-diazo-5-
oxo-L-norleucine (DON). DON has been used in the inhibition of glutaminase in cell 
cultures of astrocytes in studies demonstrating the importance of GA activity in cell damage 
induced by ammonia. Also, in rats subjected to portocaval shunt, neomycin inhibits 
intestinal glutaminase activity (Hawkins, Jessy et al. 1994), although the mechanisms by 
which neomycin may inhibit glutaminase activity are not described. GA activity is increased 
in patients with high levels of nitric oxide, glucagon, or tumor necrosis factor, and in a wide 
number of cancer types as in liver, breast and leukemia as glutamine is implied as a factor in 
in cell proliferation (Perez-Gomez C 2005; Gao P 2009). 

So based on the above and in the previous studies of assosiation of the presence of long- 
long microsatellite in the glutaminase gene and the mechanism of action of OP in gut  
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and showed further increased levels in the muscle (153% BDL-OP vs.142% BDL-saline). OP 
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vivo ammonia in a cirrhotic. Mechanism of action of OP on the metabolism of ammonia is 
shown in the Figure 2. 

4. THDP-17: Glutaminase inhibitor in CACO-2 cultures 
It has been described as a glutaminase inhibitors Mersalyl, N-ethylmaleimide and 6-diazo-5-
oxo-L-norleucine (DON). DON has been used in the inhibition of glutaminase in cell 
cultures of astrocytes in studies demonstrating the importance of GA activity in cell damage 
induced by ammonia. Also, in rats subjected to portocaval shunt, neomycin inhibits 
intestinal glutaminase activity (Hawkins, Jessy et al. 1994), although the mechanisms by 
which neomycin may inhibit glutaminase activity are not described. GA activity is increased 
in patients with high levels of nitric oxide, glucagon, or tumor necrosis factor, and in a wide 
number of cancer types as in liver, breast and leukemia as glutamine is implied as a factor in 
in cell proliferation (Perez-Gomez C 2005; Gao P 2009). 

So based on the above and in the previous studies of assosiation of the presence of long- 
long microsatellite in the glutaminase gene and the mechanism of action of OP in gut  
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Fig. 2. Mechanism of action of OP in glutamine synthetase (GS) and glutaminase (GA) 
enzymes. GS is stimulated in muscle by glutamate increased levels. At the same time PAGN 
is formed and excreted in the urine. In adition, GA is restored to normal levels in the gut 

glutaminase, the inhibitition of glutaminase activity is a therapeutic target in the 
management of hepatic encephalopathy. It is very important to investigate new molecules 
for the purpose of decreasing the intestinal production of ammonia, since it determines a 
high risk of encephalopathy and decreased survival. However, when developing these 
inhibitory molecules is necessary to note that complete inhibition of the enzymatic activity 
of glutaminase could severely damage the normal function of the enterocytes, so that 
molecules inhibiting the activity of glutaminase should cause a reduction in activity ie, a 
partial inhibition of enzyme activity, without significantly affecting the functionality of the 
enterocyte. 

Colon carcinoma cell cultures (CACO2) have been used to test this compound. 50,000 cells 
per well were used in a 12-well plate with 1.2ml DMEM medium supplemented with 2mM 
L-Glutamine, 15% FBS, 1X antibiotic/antifungal solution, 1X non-essential amino acids 
(PAA Laboratories GmbH, Linz, Germany). Plates were incubated at 37°C and 5% CO2 for 
24 and 48h. THDP-17 and 6-diazo-5-oxo-norleucina (DON) (Sigma, St. Louis, EE.UU.) were 
assayed in duplicates at 0, 5, 20 and 100µM. The glutaminase activity was assayed using the 
protocol described by Heini (Heini Hans G. 1987). 

Using both THDP-17 and DON (positive control) 100µM, glutaminase activity was inhibited 
after 48h. The product THDP-17 reduces 42% of the initial glutaminase activity, while DON 
reduces 46% of the initial activity. Therefore THDP-17 is considered to have potential to act 
as a therapeutic option for the hepatic encephalopathy as a glutaminase partial inhibitor that 
is able to cross the cellular and mitochondrial membranes. Further studies to evaluate 
toxicity and in vivo experiments to as certain efficacy need to be done in the future. In Figure  
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3 it can be seen that glutaminase activity is inhibited at 48 hours with differing concentrations 
of THDP-17 and DON (0,5,20 and 100µM). 
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Fig. 3. Inhibition of GA activity following 48 hrs incubation with either THDP 17 or DON in 
Caco-2 cells 

5. Future research 
Glutaminase plays a major role in the cause of hepatic encephalopathy. However, a 
prospective study is required to evaluate the clinical utility of the genetic marker we have 
identified for predicting overt hepatic encephalopathy before it can be recommended for 
clinical practice.  

In the gut, intestinal glutaminase activity is increased in patients with cirrhosis and 
correlates with minimal hepatic encephalopathy (Romero-Gomez, Ramos-Guerrero et al. 
2004). Glutaminase is also a key factor in the brain. Glutamine synthesis detoxifies ammonia 
in the brain, but glutaminase transforms glutamine into ammonia, glutamate, and free 
radicals in the mitochondria, and these byproducts are implicated in mitochondria 
dysfunction and further neurotransmission impairment (Trojan horse hypothesis) (Albrecht 
and Norenberg 2006).  

Studies to date have indicated that OP is safe and patient studies in minimal HE and HE are 
needed to establish whether OP or glutaminase inhibitors such TPHD-17 (a promising GA 
inhibitor) could be used as a treatment for this significant complication of liver disease. 

6. Conclusion 
We identified a microsatellite in the promoter region of the glutaminase gene that is linked 
to the development of overt hepatic encephalopathy in patients with cirrhosis. This 
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promoter is associated with an increase in enzyme activity when the long allele is present. 
This genetic marker might help identify patients at risk for overt hepatic encephalopathy so 
that they could be more carefully monitored and could receive intensive treatment and/or 
define priority in liver transplant waiting list. However, additional studies are needed 
before this biomarker can be recommended for use in clinical practice. 

Our studies support the role of glutaminase in HE and the use of OP, a novel treatment in 
developing for HE in reducing plasma ammonia. The mechanism by which OP directly 
reduces ammonia levels in cirrhosis is by increasing muscle GS activity, subsequently 
trapping and increasing ammonia excretion as phenylacetylglutamine, with the concomitant 
normalization of gut GA activity. The reduction on ammonia (by OP) leads to a reduction in 
ICP in ALF and is associated with an improvement in inflammation in the context of chronic 
liver disease. Moreover, OP modulates iNOS and NFkB mechanisms and prevents LPS-
induced brain edema in cirrhotic rats. 

And finally, we present a new molecule, THDP-17 as a new therapeutic option for the 
treatment of hepatic encephalopathy as a GA partial inhibitor that is able to cross the 
cellular and mitochondrial membranes. 

In summary, we believe that further investigation of GA is warranted, because increased 
knowledge of the pathways involved might lead to the uncovering of new drug targets 
(such as OP and THDP-17) and other treatments for hepatic encephalopathy. These findings 
suggest developing approaches to target GA to prevent ammonia release and subsequent 
HE as a valid therapeutic strategy in the management of patients with liver disease. 
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1. Introduction 
Diseases of the liver are becoming increasingly recognized due to their elevated prevalence 
and their impact on patients’ daily life (Younossi,1998; Armstrong, 2000). Besides, in recent 
years enormous progress in diagnosis and therapeutics has been made. Currently, liver 
transplantation is the treatment of choice in selected patients for acute and chronic liver 
failure (Tomé, 2008; Desai, 2008). Liver transplantation has shown that it improves both 
survival and perceived changes of quality of life (Tomé, 2008; Duffy, 2010). Survival after 
liver transplantation is excellent, both in the short and long term. Patient survival rates of 
approximately 85% after the first year and 75% five years after transplantation have been 
reported in the European Liver Transplant Registry (www.eltr.org). 

Quality of life (QOL) is a broad concept which includes all aspects of life such as where and 
how one lives and the role he/she plays in society (Bergner, 1989). We have to consider that 
QOL will also be affected by factors such as interactions with the environment, previous 
experiences, cultural background, life expectancy, family life, social interactions, present 
circumstances; financial situation, housing and job satisfaction, which are difficult to 
incorporate in research ( Sanders, 2008; Flamme, 2008).  

QOL is a complex concept involving patient’s perception of his/her ability to perform 
functions such as work, but also comprises the physical effects of the illness and concomitant 
psychological conditions, anxiety, depression, stigma and feeling of hopelessness (Gutteling, 
2007; Cordoba, 2003). Other related issues are studied such as sexual problems, relationships 
with his/her family, friends and the healthcare team (Ware, 1992; Carver, 2005; Day, 2009).  

The present review focuses on relevant patient-reported outcomes such as self-perceived 
symptoms (some are related to immunosuppressor drugs), medication adherence and long 
term HRQOL (Health Related Quality of Life) after liver transplant (Osterberg, 2005). In our 
opinion, although these are interrelated issues we will consider here the most recent 
development of HRQOL in advanced liver disease and transplantation (Unal, 2001). 
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There is some doubt as to what differentiates HRQOL and QOL. Some concepts that can be 
encapsulated under the term QOL include social functioning, emotional well-being, role 
functioning, cognitive functioning, sleep problems, sexual functioning, vitality/energy, 
pain, life satisfaction, body image and general perceptions of health (Table 1) (Borgaonkar, 
2000; van den Plas, 2003). In this chapter we will discuss HRQOL because in clinical practice 
both concepts HRQOL and QOL are used as equivalents, especially for patients with severe 
disease.  

Due to the multidimensionality of HRQOL, it is not possible to measure every dimension 
simultaneously, therefore a more limited and focused assessment should be undertaken. In 
patients with chronic diseases such as advanced liver disease, QOL is based on health 
parameters, and not on more general factors such as socioeconomic status or housing 
conditions since these are often considered as not having any relevance to their medical 
concerns. However, some problems related to finances, corporal image or specific 
architectural needs are contemplated in relation to some medical conditions as it is done for 
the study of QOL in oncological patients using specific tools (Roila & Cortesi, 2001; Gangeri, 
2007).  

Leisure and recreation, Mobility and self-care, Travel, Walking, Food/drink, Running, 
Visit friends’ homes, Climbing, Vacation, Eating, Nearnes sto toilet facilities, Grooming, 
Hobbies and sports, Physical endurance, Relationships, Emotional, Intimacy and sexual 
function, Anger, Body image, Embarrassment, Understanding from others, Anxiety, Coping 
and support, Irritability, Relations with children and extended family, Happiness, 
Friendships, Worries or fears, Pain and discomfort, Ability to relax, Chest pain, Frustration, 
Abdominal pain, Depression/sadness, Abdominal cramps, Satisfaction, Abdominal 
discomfort, Job-education, Rectal pain, Satisfaction, Back pain, Attendance, Headaches, 
Concentration, Extra intestinal pain, Task completion, Joint pain, Achievement/promotion, 
Well being, Financial reward, Energy, Treatment, Fatigue, Efficacy, Sleep, Adverse effects, 
Self-control 

Table 1. Problems, issues and domains of health related quality of ife (HRQOL) studied by 
questionnaires (Borgaonkar, 2000.) 

2. Methods for studying QOL 
In practice most research has measured HRQOL as a multi-dimensional construct, 
instruments used to measure it must have at least three core domains: physical, 
psychological and social (Unal, 2001; Drent, 2009). Broadly speaking QOL measures can be 
divided into two categories: generic or condition-specific (Patrick, 1989; van den Plas, 2003): 

2.1 Generic questionnaires 

Generic questionnaires are comprehensive and they can apply to different patient 
populations, allowing comparisons between different diseases. These generic measures have 
the advantage that the obtained scores can be compared with the scores of other patient 
populations or with a healthy control group, stratified by age and gender. A recognized 
disadvantage is that generic instruments are not designed to identify disease specific  
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2. Methods for studying QOL 
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instruments used to measure it must have at least three core domains: physical, 
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the advantage that the obtained scores can be compared with the scores of other patient 
populations or with a healthy control group, stratified by age and gender. A recognized 
disadvantage is that generic instruments are not designed to identify disease specific  

Disease Targeted Measures of Health Related Quality of Life (HRQOL) in  
Patients with Advanced Liver Disease Before and After Liver Transplantation 

 

161 

domains which may be important when we want to establish whether clinical changes have 
occurred and whether or not they are significant (Jay, 2009). 

In the last few years one of the major clinical concerns has been to obtain a good level of 
QOL after therapeutic interventions. It is therefore crucial to study QOL by asking 
questions which are relevant to the patients (Hays, 2000). The concept of patient reported 
outcome is related to an in depth study of the meaningful changes perceived by the 
patients (Gill, 1994).  

A patient-reported outcome (PRO) can be defined as “any outcome based on data provided 
by patients or by patient proxy as opposed to data provided from other sources”. PROs that 
are of importance to liver transplant patients are: symptom experience, medication 
adherence and HRQOL. The effectiveness of treatment after organ transplantation depends 
both on the skills of the health care team and on the life-long, active cooperation of the 
patient. (Bayliss,1999). 

The clinical information provided to the patient and caregivers about long-term side effects 
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most commonly used generic HRQOL instruments are: the Nottingham Health Profile 
(NHP), the Medical Outcomes Study Short Form-36 (SF-36) and the Sickness Impact Profile 
(SIP). (Table 2) (Coons, 2000; Hunt, 1980; de Bruin, 1992; Bergner, 1976). All three 
instruments have sufficient psychometric properties.  
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which measure eight scales: physical functioning (PF), (10 items), role limitations due to 
physical problems (RP), (4 items), bodily pain (BP), (2 items), general health (GH), (5 items), 
vitality (VT), (4 items), social functioning (SF), (2 items), role limitations due to emotional 
problems (RE), (3 items), and mental health (MH) (5 items). On the basis of these separate 
subscales, component summary scores can be calculated to provide a global measure of 
physical (Physical Component Summary score, PCS) and mental functioning (Mental 
Component Summary score, MCS), respectively. The scale scores range from 0 to 100, with 
higher scores indicating a better health status. The PCS and MCS have been standardized on 
the basis of a normative general population of different countries, with the mean set at 50 
(SD 10) (Guyatt,1993) The SF-36 is currently the most used instrument worldwide, and a 
shorter version is available (SF-12) (Bruns, 2010).  

2.2 Nottingham Health Profile (NHP) 

(1) Part I: 38 questions in 6 subareas, with each question assigned a weighted value; the sum 
of all weighted values in a given subarea adds up to 100, (Hunt, 1985), 

• Energy level (EL): 3,  
• Pain (P): 8,  
• Emotional reaction (ER): 9,  
• Sleep (S): 5,  
• Social isolation (SI): 5,  
• Physical abilities (PA): 8 



 
Liver Transplantation – Basic Issues 

 

162 

(2) Part II: Seven daily life areas that can cause problems in your present state of health:  

• Work (i.e. paid employment);  
• Looking after the home (cleaning & cooking, repairs, odd jobs around the home, etc.);  
• Social life (going out, seeing friends, going to the movies, etc.);  
• Home life (i.e. relationships with other people in your home);  
• Sex life;  
• Interests and hobbies (sports, arts and crafts, do-it-yourself, etc.);  
• Vacations (summer or winter vacations, weekends away, etc.) (Hunt,1980). 

Generic 
Tests 

Nottingham Health 
Profile (NHP) 

Medical Outcomes Study 
Form (SF-36) 

Sickness Impact Profile 
(SIP) 

Authors Hunt et al. 1980, 1985 Ware et al. 1992 
Brazier et al. 1992 
(Validation) 

Bergner et al. 1981 

Number of 
items 

38 36 136 

Number of 
subscales 

6 8 12 

Total score No Yes, -Emotional role** 
-Physical role** 

Yes 

Reliability IC:Cronbach alpha: 0.70-
0.85 
TRT.r: 0.75-0.88 

IC: Cronbach alpha > 0.84 
TRT.r: 0.60-0.81 

IC:Cronbach alpha: 0.94 
TRT.r: 0.87-0.97 

Validity* CV: Ill vs healthy people
DV: Between groups 
with various health 
statuses 

Conv. V: correlations 
between four comparable 
dimensions of SF-36 and 
NHP were high 
DV: Correlations between 
non comparable 
dimensions of SF-36 and 
NHP were low 

Conv. V: E.g. Activity of 
daily living.  
Index:r:0.55-0.61 
DV: E.g. explained 
variance of Speech 
Pathology Ratings 
Clinical and Descriptive 
validity  

Subscales/ 
domains 

- Energy 
- Pain 
- Emotional reactions
- Sleep,  
- Social isolation 
- Physical mobility 
- Seven activity of 

daily living 
questions  

- Physical functioning 
- Role limitations due 

to physical problems 
- Bodily pain,  
- General health 
- Vitality,  
- Social function 
- Role limitations due 

to emotional problem 
- Mental health 

 

IC: Internal consistency; TRT: Test Re-test reliability; CV: Construct validity; Conv. V: Convergent 
validity; DV: Discriminant validity. 
*All reported validities have been established 
** Mental component score and physical component score  

Table 2. Most commonly used generic HRQOL instruments 
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2.3 Disease-specific questionnaires have been developed to be valid only for one 
specific condition 

A review of QOL instruments used in liver transplantation has been published recently (Jay, 
2009). In this article, among others, authors discussed existing QOL instruments with its 
individual strengths and limitations. 

In this chapter we will discuss four specific questionnaires, that have been designed for 
CLD: (Table 3.) (Gutteling, 2007). In table 3 we present the two more frequently used 
questionnaires. 

Specific HRQOL 
instruments 

Chronic Liver Disease 
Questionnaire (CLDQ) 

Liver Disease Quality of Life 
Questionnaire (LDQOL)** 
 

Authors Younossi et al.1999 Gralnek et al.2000 
Number of items 29 101 
Number of subscales 6 20 
Total score Yes No 
Reliability TRT: IC: 0.59 IC: 

Cronbach alpha> 0.70 
1 subscale alpha:0.62 
 

Validity* CV: Worse CLDQ scores 
with increased disease 
severity  

CV: Worse LDQOL scores with 
increased disease severity for all 
subscales 
 

Subscales - Fatigue 
- Activity 
- Emotional function 
- Abdominal 

symptoms 
- Systemic symptoms 
- Worry 

8 subscales of the SF-36 adding 
specific scales: 
- CLD-related symptoms 
- CLD-related effects on 

activities of daily living,  
- Concentration,  
- Memory,  
- Sexual functioning 
- Sexual problems,  
- Sleep,  
- Loneliness,  
- Hopelessness,  
- Qual.of social interaction,  
- Health distress 
- Self-perceived stigma of CLD 
 

IC: Internal consistency; TRT: Test Re-test reliability; CV: Construct validity; Conv. V: Convergent 
validity; DV: Discriminant validity; CLD: Chronic Liver Disease. 
*All reported validities have been established 
**A prospectively validated Short Version of LDQOL has been published (Kanwal, 2008) 

Table 3. The two most commonly used specific HRQOL instruments for candidates or 
recipients of liver transplantation (Jay, 2009) 
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2.3.1 Hepatitis quality of life questionnaire (HQLQ) (Bayliss, 1998) 

In addition to a standard SF-36 generic core, comprised of eight scales, HQLQ contains five 
generic items consisting of two questions for the social functioning scale and one question 
each for physical role, emotional role and vitality scales to augment existing SF-36 scales. 
HQLQ is addressed only to hepatitis C patients. This instrument will be useful in studies of 
health outcome among patients with chronic hepatitis C, a condition whose health burden 
appears to have been underestimated in studies to date. 

2.3.2 Chronic Liver Disease Questionnaire (CLDQ) (Younossi, 1999) 

This instrument introduced in 2000, has two parts: the generic SF-36 and six specific scales, 
with a number of individual items: abdominal symptoms, fatigue, systemic symptoms, 
activity, emotional function and worry. These items were selected based on 60 chronic liver 
disease patients, 20 liver experts and a review of the literature. Younossi et al. established 
construct validity according to significant differences in CLDQ scores according to Child’s 
classification. 

2.3.3 Liver Disease Quality of Life Questionnaire (LDQOL) (Gralnek, 2000) 

LDQOL is a targeted instrument which incorporates the generic SF-36 as well as 12 disease-
targeted multi-item scales: liver disease-related symptoms, liver disease-related effects on 
activities of daily living, concentration, memory, sexual functioning, sexual problems, sleep, 
loneliness, hopelessness, quality of social interaction, health distress, and self-perceived 
stigma of liver disease. This questionnaire was designed for patients with liver disease, such 
as transplant candidates or liver transplant recipients. Gralnek et al., established the validity 
of this instrument for measuring QOL in patients with chronic liver disease in a multi-center 
study of patients referred for liver transplant evaluation. More recently a prospective 
validation of a short form version of the LDQOL including 36 targeted items representing 
nine domains in addition to the SF-36 has been published (Kanwal, 2008). 

The LDQOL was published in 2000, but has only been introduced to clinics recently and 
some studies have been published (Dias Teixeira, 2005; Kim, 2007; Gotardo, 2008; Casanovas 
2010;). 

2.3.4 National Institutes of Diabetes and Digestive and Kidney (NIDDK) 

The Liver Transplant Data Base (NIDDK-LTD), (Belle, 1997) which was developed from 
standardized instruments it is a QOL questionnaire for adults, which includes both physical 
and mental domains and specific areas. Unlike the previous specific instruments, it has not 
been developed in other cultures.  

2.4 Complementary QOL indexes 

Some complementary QOL indexes and questionnaires may allow implementation research. 
The opinion of several authors, such as Jay et al. however, is that, the lack of a gold-standard 
QOL instrument for liver transplant recipients is an impediment to cross-study comparisons. 
Depending on the objective of the study or the target population, complementary 
questionnaires should be used, since other areas may be affected in advanced liver disease 
(Foster, 1998; Dwigt, 2000; Gutteling, 2006). 
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2.4.1 Fatigue Impact Scale (FIS) (Fisk,1994; Hassoun, 2002; Jones, 2009) 

FIS is a validated questionnaire for assessing fatigue. It is used in many chronic conditions. 
The multidimensional assessment of fatigue is complicated by the interrelation of its 
multiple causes and effects. A significant proportion of liver patients suffer fatigue, even 
patients with non advanced disease. Fatigued patients have more sleep problems and higher 
depression scores than non-fatigued patients (Poynard, 2002). Self rated depression is 
present in 28% of fatigued patients compared with 4% of non-fatigued patients. Long term 
fatigue affects 68% of the patients with PBC but it is not related to the severity of their liver 
disease (Morana, 2009).  

2.4.2 Beck’s Depression Inventory (BDI) (Beck, 1961) 

Beck’s Depression Inventory is a 21-item self-report rating inventory measuring characteristic 
attitudes and symptoms of depression. The total score ranges between 0 and 63; scores 
below 14 are considered normal, scores from 14 to19 indicate mild to moderate depression, 
scores from 20 to 28, moderate to severe depression, and scores higher than 28 are indicative 
of severe depression. This questionnaire is regularly used as a complementary measure. 

2.4.3 State-Trait Anxiety Inventory (STAI) (Guillén-Riquelme, 2011) 

Since physical symptoms associated with end-stage liver disease, such as poor appetite and 
fatigue, are also associated with depression, the scores of liver transplant candidates in three 
separate areas, somatic, cognitive, and affective, have to be computed. Therefore, the State-
Trait Anxiety Inventory is one of the most frequently used instruments for measuring 
anxiety in adults and has been demonstarted to be valid and reliable. It consists of 20 
statements that assess how respondents feel “generally.” Scores can vary between 20 and 80, 
with higher scores indicating more anxiety. 

2.4.4 Cognitive Operations Preference Enquiry-Easy (COPE-EASY) (Francis, 2009) 

Independently of important cultural differences and health systems, coping with chronic 
diseases is crucial for patients and caregivers (Saab, 2011). The Coping Operations 
Preference Enquiry-Easy (COPE-Easy) consists of 32 questions, incorporating 15 distinct 
coping strategies that can be grouped into three subscales: active problem focused coping, 
avoidant coping and seeking social support (Gutteling 2007). 

3. Factors influencing QOL measurements: Age, gender, expectancies, cause 
of liver disease, differences between men and women and mode of 
administration  
Persons with severe liver disease often have a poor quality of life before liver 
transplantation (van den Plas, 2003). This poor quality of life is related to chronic disease 
and a decline in health caused by poor liver function (Marchesini, 2001). Medical treatments 
may be of some help in limiting symphtoms in cirrhosis and its complications (Hussain, 
2001; Younossi, 2001; Girgrah, 2003; Gutteling, 2008). However, a more complete return of 
quality of life and health must usually wait until after recovery from a successful liver 
transplantation procedure (Castaldo, 2009). In addition, cross-cultural issues have to take 
into account (Hunt, 1986). 
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Currently, liver transplantation is the treatment of choice in selected cases of acute and 
chronic liver failure and HRQOL reached is in general satisfactory, although below the level 
of the general population (Cleemput, 2007). Balanced results have been measured one year 
post- transplant (Takinella, 2010). Results, however, must be interpreted with caution as 
QOL improvements may have been overstated due to variables such as selection bias, 
exclusion of severely ill and deceased patients, too many short-term studies and suboptimal 
methodology (Younossi, 1998). 

In the studies published about QOL after liver transplantation in the nineties, only generic 
instruments were used (Levy, 1995). It is only recently that QOL data have been obtained 
through specific liver disease questionnaires (Jay, 2009). We will mention some studies that 
have identified factors known to enhance QOL. 

For example, patients with a history of alcoholism or who were regular drug users can be 
accepted in a transplant program only, after rehabilitation (Lucey, 2002; Gangeri, 2002). 
However, some studies observed that they have a greater incidence of psychiatric disease or 
psychological disorders which are responsible for a reduction in their QOL (Dew, 2000; 
2001). Recent publications have addressed this problem, as a transplant candidates, alcoholic 
patients may be considered as a transplant candidates after psychiatric assessment. The 
detection of urinary ethylglucuronide allows the detection of alcohol consumption in 
alcoholic liver disease patients awaiting liver transplantation, (Erim, 2007), although fully 
consensued recommendations have not been achieved, the general recommendation is to 
dedicate more time assessing patients and increasing communication within the 
multidisciplinary transplant team (Kotlyar, 2008). 

The differences in QOL between male and female patients continue to be a subject of 
research (Cowling, 2004; Lowry, 2010). QOL assessed gender differences have been detected 
in chronic illnesses: e.g. women scoring lower levels of QOL (Vazquez, 2004). The same 
results were obtained when assessing chronic HCV-related liver diseases. Teixeira et al. 
2006, using the SF-36 or the specific LDQOL instrument found statistically significant 
differences. They tested differences in the following domains: liver disease symptoms, 
concentration, memory, worrying about the disease and sexual problems. Russell et al 2008, 
with the administration of, SF-36 the Center for Epidemiologic Studies Depression Scale 
(CES-D), and Beck Anxiety Inventory Scale, observed similar results. 

Gifford. et al, in Australia, using the generic instrument SF-12, observed a reduction of QOL 
for women between 15 and 71 years of age (Gifford, 2003). While the reasons for the lower 
QOL in women have not yet been clearly defined, the findings indicate that social and 
cultural problems associated to the disease may be implicated. Interestingly, these 
observations have been repeated for different chronic conditions, backgrounds or 
geographic origins. In Spain this has been corroborated by Ferrer et al using the CLDQ 
(Ferrer, 2006 ). 

The main concern among men is related to their professional activities; they are worried 
about not being able to provide for their families. Although there are different circumstances 
implicated in symptoms or in alteration in the QOL, the way that patients react to the 
diagnosis or treatments and its consequences are different in both genres (Gifford, 2005). 

In our experience in the Liver Transplant Unit, we observed, using the generic NHP that 
three months after liver transplant women were scoring higher than men, but after six 
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months men were improving progressively whereas women were not, not correlating with 
clinical results (data not published). These facts may corroborate the usual role of women in 
family life. 

The weight of the stigma felt by liver disease sufferers in the past is still present nowadays 
(Scambler, 1998; 2009; Zickmund, 2004). Stigma is defined as the opinion of a dominant 
group with a preformed judgement about attitudes or situations considered socially 
unacceptable. Stigma is found in all levels of society (Zickmund, 2003). 

One explanation is that drug use, a risk factor for AIDS and chronic HCV-related liver 
disease, projects a negative image of these diseases (Kanwal, 2005). In the past, before the 
discovery of the hepatitis C virus in 1989, this situation was observed in cirrhosis patients 
who, despite not being drinkers, were always asked about their drinking habits and were 
sometimes labelled as alcoholics. Another reason is that people living with a carrier are 
afraid of being infected ( Marcellin, 2007). 

Women have reported experiencing greater stigma than men. The presence of this stigma 
can affect self-esteem and cause alteration in the QOL (Strauss, 2006). 

The pre-transplant physician/patient relationship and the coordination with other members 
of the transplantation team are vital. At this stage, the medical information that patients 
receive and the attitudes of the medical team is highly significant (Cordoba, 2003; 
Zickmund, 2004; Flamme, 2008). Knowing about experiences of other patients with the same 
health problems is also positive. Information supplied to the patient and his/her family 
members as well as psychological and social support induces behavioural changes, which 
may be reflected in an improved physiological process (van der Plas, 2003). 

Realizing that social and/or psychological factors play a significant role in patients’ 
HRQOL, transplant teams could take advantage of information collected so far and 
implement new programs (Rodger, 1999; Pieber, 2006; van den Berg, 2006; DiMartini, 2011.) 

Mode of 
administration 

Strengths Weaknesses 

Self Minimal resources required Greater likelihood of low 
response rate 

Interviewer Maximizes response rate. 
Few, if any, missing items 

Requires many resources 
training of interviewers 
May diminish willingness to 
acknowledge problems 
Limits format of instrument 

Surrogate Responder Reduces stress for target group 
(very sick or elderly) 

Perceptions of surrogate 
may differ from target 
group 

Telephone Few, if any, missing items 
Minimizes errors of 
misunderstanding 
Less resource intensive than 
Interviewer administered mode 

Requires resources training 
of interviewers 

Table 4. Modes of administration of questionnaires of HRQOL (Hays, 2009) 
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Effects on the properties of questionnaires of HRQOL related to the mode of administration 
have been studied (Table 4) (Hays, 2009; Gundy, 2010). Significant differences were detected 
in measurements –after adjustment- researchers found that, for the Emotional Functioning 
(EF) scale, patients who had completed the written questionnaire at home had significantly 
lower levels of (EF) compared to those interviewed over the telephone. 

Child-Turcotte-Pugh (CTP), Prognosis of liver disease. 
(CTP A = 5-6 p, CTP B = 7-9 p, CTP C = 10-15 p)  
 

1 point each 2 points each 3 points each 

Ascites None Controlled  Poor control 
Encephalopathy None Grade I-II Grade III-IV 
Total bilirubin, µmol/L (normal = 17.1 µmol/L) < 34 34 – 50 > 50 
Albumin, g/L >3.5 g/dL) 2.5-3.5 g/dL < 2.5 g/dL 
INR < 1.7 1.7–2.2 >2.2 

Table 5. Scoring severity of liver disease MELD (Malinchoc, 2000; Kamath, 2001) and Child-
Pugh (Pugh, 1973). MELD score was developed to determine the severity of liver disease 
based on the patient’s serum bilirubin, serum creatinine, and the international normalized 
ration (INR).It has been proposed to replace the Child-Turcotte-Pugh (CTP) score as a “more 
objective” measure of chronic liver disease severity 

4. HRQOL in patients with chronic liver disease is not associated with 
disease severity as measured by MELD (Model for End-stage Liver Disease) 
score 
Liver transplant is indicated in selected patients with advanced liver disease in which  
other therapeutic measures have failed or are not possible, and with no absolute 
contraindications for this procedure. (Consensus Document of the Spanish Society of Liver 
Transplant, 2009).  

Some type of balance between need and utility has to be considered, meaning that we 
should be cautious with patients with a very severe clinical prognosis when taking 
advantage of a scarce resource, a liver graft. In our opinion, ideally, there should be a 
balance between the subjective perception of health by the patient, friends and close family 
and the clinical severity of the disease based on medical data when deciding on when to do 
the transplant. 

However, some difficulties have to be taken into account. Clinicians base their decisions on 
objective measures, such as analysis and image tests for clinical diagnosis and treatment but 
the moment of transplant also depends on the waiting list and the feasibility of a suitable 
donor. Ideally, it would be desirable to consider both biological objective measures and 
more subjective measures, such as HRQOL (Kanwal, 2004). 

HRQOL in chronic liver patients has been shown to be impaired in numerous studies. 
Gutteling et al. 2006, studied the impact of physical and psychosocial determinants on a 
weighted score of HRQOL in patients with chronic liver disease. They showed that HRQOL 
was related to disease severity and joint pain. Also depression, decreased appetite and 
fatigue were strongly related to HRQOL. In hepatitis C patients, fatigue and depression 
were powerful determinants of HRQOL (Strauss, 2006). Patients with cirrhosis who had a  
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higher Child-Pugh score (measuring disease severity) presented symptoms such as muscle 
cramps, pruritus, and fatigue (Marchesini, 2001), significant factors relating to QOL. Co-
morbid conditions and the duration of disease have not shown in the majority of studies a 
significant relationship with QOL in these patients. However, the relationship between 
psychological distress, symptoms and QOL is less known. 

Some authors, studying the association between HRQOL and survival in patients with 
cirrhosis, showed that the relation between HRQOL and survival was MELD (Model of En-
Stage Liver Disease) independent (Kanwal, 2004; Saab, 2005). Kanwal et al., found that 
higher baseline HRQOL predicted lower mortality (Kanwal, 2009). Specifically, for each 1-
point increase in HRQOL, there was a 4% decrease in mortality. Both social relations and 
support have proved to be favourable predictors.  

Considering that HRQOL has been recognized as an important outcome in chronic liver 
diseases, and clearly determined by disease severity, some changes might be applied in the 
clinical practice. For example, it could be useful to develop a form of intervention aimed at 
improving adaptation to the more frequently identified symptoms and to implement the use 
of a comprehensive assessment of QOL in the evolution of chronic liver disease patients 
with the aim of better clinical management. 

However, in everyday practice, the instruments evaluating QOL in liver disease are rarely 
used due to lack of time and resource constraints (Sanders, 1998; Gutteling, 2007). Some 
doctors, having different priorities, are hesitant to implement this issue. MELD is being used 
to prioritize patients for liver transplantation, with the purpose of limiting mortality in 
patients on the waiting list (Wiesner, 2003). There are paucity of data evaluating associations 
between MELD score and patient-centered outcomes (HRQOL). Kanwal et al. in 2004 
publication “Does Model for End-stage Liver Disease (MELD) predict HRQOL in patients 
with advanced chronic liver disease?” explore these associations. Their research on 
correlations between MELD/CTP and patient-centered outcomes evidenced that in persons 
with advanced chronic liver disease, MELD score predicts patient self-rated severity of liver 
disease symptoms, but fails to predict disability days and the more global outcome of 
HRQOL (Kanwal, 2004).  

CTP score may be a better proxy measure than MELD, due to being based on clinical data 
and is more patient centered disease in persons with decompensated chronic liver disease 
(Saab, 2005). Both hepatic encephalopathy and ascites, which can affect quality of life, are 
not part of the MELD score. Furthermore, the MELD score has not been correlated with the 
severity of ascites and hepatic encephalopathy. Thus, liver disease severity assessed by the 
MELD score may no longer correlate with quality of life. (Saab, 2005) (Table 5). 

MELD score allows prioritizing patients on the waiting list, putting the “sickest first” 
(Schaffer, 2003). However, we have to take into account that the MELD score does not 
always adequately reflect disease severity and prognosis (Frost, 2002). In patients with 
fulminant hepatic failure, metabolic disease, hepatocellular carcinoma, refractory ascites, 
hepato pulmonary syndrome etc. MELD does not apply (Schaffer, 2003). 

Nowadays, although one of the most used disease severity indices is MELD score, it is not 
associated with HRQOL. Several patients with decompensated liver disease do not have a 
high enough MELD score, so we should examine possible causes of the present situation 
and justify and validate other specific instruments or formulas. 
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5. Does etiology of the liver disease appear to influence individual’s HRQOL? 
Issues concerning Acute Liver Disease vs. Chronic Liver Disease 
Pretransplantation HRQOL scores are affected by the etiology of liver cirrhosis, therefore 
it is important the knowledge of the impact of a particular disease. Patients with 
hepatocellular and cholestatic etiologies have higher HRQOL scores than alcohol or viral 
hepatitis patients (Bianchi, 2003; Steel, 2007). Although the individual’s perception of 
his/her state of health is crucial, different etiologies may identify some of the 
characteristics of the components of QOL in liver diseases (Krasnoff,2005). In general 
terms, younger and male people perceive a better QOL compared to older and women 
patients (Painter, 2001). 

In early stages, liver disease patients show few or non-specific symptoms, therefore 
reporting insignificant effects on HRQOL. As the disease progresses to cirrhosis and 
complications arise (ascites, muscle cramps, fatigue etc.) individuals report noteworthy 
effects on HRQOL (Gutteling, 2006; Björnsson, 2009). In patients with advanced disease the 
etiology of the liver disease does not seem to influence patients’ ratings. Although in earlier 
cases of chronic cholestatic liver disease significant pruritus and fatigue may have a 
significant impairment of HRQOL (Poupon, 2004). These symptoms that may also be 
observed in chronic hepatitis C may not be present in those with other forms of chronic liver 
disease such as chronic hepatitis B or iron overload (Lam, 2009). 

We will explore the most important issues that have been developed in the last few years 
(Jay, 2009). Some determinants of HRQOL are derived from specific symptoms and concerns 
of liver diseases, but a generic HRQOL test is unable to measure them (Gutteling, 2007; 
Kotlyar, 2008). Examples of some specific problems observed in advanced liver disease are: 
sleep related problems, sleep pattern changes, stigma of liver disease, symptoms and effects 
of liver disease and their treatments (Holzner, 2001). 

5.1 Issues related to HRQOL in hepatitis C and hepatitis B 

Patients with chronic hepatitis C assessed by the SF-36 show diverse and non specific 
symptoms (fatigue, anorexia, weight loss, abdominal distress…) and usually have 
significant reductions in their SF-36 scores for all of the scales (both mental and physical 
components) (Dwigt, 1998; Foster, 2000; Strauss, 2006) .  

Patients with chronic hepatitis B virus (HBV) infection show a reduction in the SF-36 scores 
that assessed mental functions, but they have no reduction in the scores that measured 
physical symptoms, indicating that the symptoms associated with chronic HCV infection are 
qualitatively different to those associated with chronic HBV infection (Curry, 2004; Spiegel, 
2005; Lam, 2009). 

Patients with chronic HCV infection who had used intravenous drugs in the past had the 
greatest impairment in QOL scores, but the reduction in QOL scores was still found in 
patients who had never used drugs (Weissman, 1980; Fowler 1980). The reduction in QOL 
could not be attributed to the degree of liver inflammation or to the mode of acquisition of 
the infection. Recent studies have demonstrated through cerebral magnetic resonance 
images of abnormal cerebral metabolism and cognitive impairments in patients with chronic 
hepatitis C ( Hilsabeck, 2002; Forton, 2008; Bokemeyer, 2011) 
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5.2 Hepatocellular Carcinoma (HCC)  

Development of a malignant tumour might occur in a cirrhotic liver that can have a 
preserved liver function. For this reason, clinical guidelines recommend screening 
surveillance programs in every cirrhotic patient in order to detect possible tumours in early 
stages to assure treatment efficacy (Ruppert, 2010). Owing to recent advances in early stage 
liver tumour diagnosis, presumably, these patients do not have specific symptoms and their 
perceived HRQOL is perhaps stable, but due to the little research available in this area the 
result for the moment remains uncertain (Kotlyar, 2006; Steel, 2007). 

Indications for orthotopic liver transplantation according to the European Liver Transplant 
Registry (2008), are the following. Virus related indication in 38%; Alcoholic liver disease 
(ALD) related indication in 33%, and 4% had combined aetiology of ALD and hepatitis C 
and B. (Varma, 2010) 

We could assume that at the time of diagnosis of the HCC, patients may suffer distress and 
be disturbed by the prospect of a therapeutical intervention such as a possible liver 
transplant. If the HCC is diagnosed at an early stage the prognosis is good but the patient is 
not adapted to the disease as is the case in a chronic patient (Gangeri, 2007; Castaldo, 2009; 
Crone, 2010). After transplant they might have recurrent viral hepatitis which worsens the 
clinical situation and even the prognosis (Bownik, 2010). New approaches for the 
prophylaxis of recurrent hepatitis C are under evaluation but whether this treatment will 
influence the severity of liver disease or the outcome of recurrence is still unknown.  

5.3 Alcoholic Liver Disease (ALD) 

Patient selection for liver transplantation has always been a demanding responsibility for 
transplantation teams and professionals. In alcoholic liver disease patients, issues related to 
liver transplantation have remained unresolved despite the convincing reports of similar 
survival post transplant in selected ALD patients, compared to those who received 
transplant for other indications (Roberts, 2004). 

A period of abstinence is recommended for alcoholics before being considered possible 
candidates for transplant and before being accepted to undergo the procedure (Kotlyaar, 
2008). Also a reasonable familiar and social support is required. DiMartini et al. have proposed 
a selection method to identify alcoholic patients suitable for transplantation. Lucey et al 
have reported on a multidisciplinary collaboration of transplant hepatologists, surgeons and 
psychiatrists that identifies psychosocial predictors of long term sobriety and compliance 
after liver transplant in alcoholics (Weinrieb and Lucey, 2007; Dew, 2008). Pretransplant 
abstinence has two purposes; it allows a window of opportunity for the liver to stabilize (it 
is not exceptional that some cases have been withdrawn from the waiting list due to 
improvement), and it allows the opportunity to examine the patient’s commitment. 

5.3.1 Alcoholic Acute Hepatitis  

No systematic evaluation has been performed on patients transplanted for alcoholic liver 
disease (ALD). Data are limited on the impact of structured management of the alcohol 
problem on the risk of recidivism following transplantation in ALD. The question of a 
possible transplant during the acute episode remains unanswered. In these patients short 
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term survival is good after transplant. However, due to the relative scarcity of donors, the 
majority of transplant teams do not accept to list patients who are actively consuming 
alcohol. (Cowling, 2004), but it is controversial (Mathurin, 2011). 

5.4 Autoimmune and Cholostatic Liver Diseases 

Liver transplant is a well established therapy for patients with autoimmune hepatitis (AIH), 
primary biliary cirrhosis (PBC) or primary sclerosing cholangitis (PSC). The perceived QOL 
in patients with cholestatic liver disease before and after LT was measured using some 
aspects of QOL, including symptoms (pruritus, fatigue); physical, social, and emotional 
functioning; health perceptions (stigma); and overall QOL (Gross, 1999). Changes in these 
QOL parameters before and after LT were studied and also the relationships between 
clinical and QOL factors and was demonstrated that cholestatic liver disease displayed the 
best cost-effectiveness ratio after LT (Longworth, 2003). Following transplantation QOL was 
substantially better than before transplantation and there were no differences in QOL 
parameters between patients with AIH, PBC and PSC. Some authors have pointed out that a 
patient’s QOL 1 year after transplant could not be predicted by pre-transplantation QOL 
variables (Krasnoff, 2005; Bownik, 2009). 

5.5 Acute Liver Disease  

Acute liver failure continues to be associated with a high mortality rate, and emergency liver 
transplantation is often the only life-saving treatment (Riordan& Williams, 2003). Although, 
the short-term outcomes are worse in comparison with those for non-urgent cases, due to 
the initial recovery process, the majority of patients transplanted with acute liver failure, 
reported that they have a good quality of life (Sargent, 2007; Dobbels, 2010). The keys to 
long-term success and continued progress in urgent liver transplantation are the use of 
good-quality whole grafts and a short waiting list time, both of which depend on access to a 
sufficient pool of organ donors. In this group the pre-transplantation HRQOL data could not 
be assessed due to patients' clinical situation. However, there have been studies published 
reporting an acceptable survival and QOL., in the short or medium term (Chan, 2009).  

5.6 Issues related to HRQOL in receptors HIV+ 

More relevant problems at present are: - Primary disease recurrence, especially Hepatitis C 
virus, -Scarcity of donors, -Complications related to the chronic administration of 
immunodepressors (Tomé, 2008) The Spanish Liver Transplant Program for selected HIV+ 
carriers was initiated in 2002 due to the increasing burden of liver disease in patients with 
HIV (Joshi, 2011). Some new developments, both in the treatment of HIV+ and in the long-
term management of liver transplant recipients have enabled further improvement of the 
results. (Consensus conference, 2009). 

Studies are fragmented. Until recently different constructs and researches covered 1-2 years 
after transplantation and it is only now that there is a focus on the long term results. In acute 
liver failure a “better HRQOL related to shorter duration and lesser severity of liver disease” 
was observed. Disease recurrence has little impact on graft survival rates within 7-10 years 
of transplantation, in contrast, hepatitis C recurrent disease is an important concern in 
relation to survival and QOL (Holzner, 2001; Karam, 2003; Sainz-Barriga, 2005). 
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Survival of liver transplanted patients at five years depends on when the patients received 
liver transplant (K. Bjøro, 1999). In recent years, there has been considerable improvement in 
long-term clinical management and an increase in knowledge about risks, such as 
developing chronic renal disease, “de novo” tumours, primary disease recurrence etc. 
Present challenges are related to studies with a longer follow up, 10 to 20 years, some of 
which have been recently published (de Kroon, 2007; Ruppert, 2010).  

6. Indications of liver transplant and prioritization criteria on the waiting list 
When should a liver transplant be considered? There are medical and ethical concerns about 
the appropriate use of scarce resources, and the degree of priority given to patients with 
ALD has always been a controversial issue (Kotlyar, 2008). In recent years, approximately 
1200 liver transplants have been performed in Spain yearly. This means that on average 
three livers are received every day. 

Referrals to transplant centres should be made considering there is enough time to evaluate 
the candidate. Pretransplant evaluation and follow-up is a combined effort of clinicians, 
psychiatrists and substance abuse specialists. Assessment from medical, surgical and 
psychosocial points of view takes time and sometimes it can be like a race against time 
(Gutteling, 2007). Later referrals leave little scope to explore further medical management 
options or to allow time to work with the substance misuse or psychiatric team. Abstinence 
before transplantation evaluation and listing is important to select patients who would 
benefit the most from transplantation, as some would get better in this period (Drent, 2009). 
There should be reservations in listing patients with a lack of social support, active smokers, 
having psychotic or personality disorders, or a pattern of nonadherence.  

7. Studying QOL after liver transplant. Results in HCV, liver transplantation 
and QOL  
A review of quality of life instruments used in liver transplantation (Jay, 2009) has been 
recently published. Factors influencing the QOL of an individual patient include 
pretransplant disease severity, complications during the perioperative period, long-term 
adverse effects of immunosuppressive drugs, the etiology and recurrence of the underlying 
liver disease and the information received from the medical team throughout the process 
(Paterson, 2000).  

Nowadays, liver transplantation is a common therapeutical option. However transplantation 
teams have to deal with strict selection of candidates, due to the relative shortage of donors. 
Moreover we have to take into consideration the present available information on the 
natural history regarding the risks of “de novo” diseases, or malignancy or the primary 
disease recurrence in the long term (Telles-Correia, 2011; Estraviz, 2007). Other goals may be 
more widely accepted, for example, describing functional health and HRQOL before and 
after transplantation; comparing contrast outcomes and exploring whether physiological 
performance, demographics, and other clinical variables are predictors of post-
transplantation QOL (Bravata& Keeffe, 2001; Ho, 2006; Aberg, 2009). 

In particular, HCV-infected patients generally report a worse QOL before transplant and a 
lesser increase in QOL after transplant than patients transplanted for other reasons (Feurer, 
2002). 
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The major predictors of poor adherence to medication gives an idea of how we can 
intervene early in treatment (Bernstein, 2002). There are few studies addressing QOL in 
relation with anti-HCV treatment after liver transplant (Alsatie, 2007; Neri, 2010). Patient 
and treatment factors to be aware of are treatment of asymptomatic disease; the presence of 
psychological problems, particularly depression; a patient’s lack of belief in the benefit of 
treatment; the complexity of the treatment; and adverse events (Schiano, 2006). Other factors 
that perhaps are harder to quantify are a poor provider-patient relationship, inadequate 
follow-up or discharge planning, missed appointments, and the cost of medication, 
copayment, or both. (Ghobrial, 2001). 

Liver transplant recipients do not, however, achieve the same QOL scores as healthy 
controls, and the prevalence of psychiatric comorbidities including depression is higher than 
controls (Dew, 1997). Patients experience more acute anxiety and depression, especially ex-
alcoholics and hepatitis C patients (Paterson, 2000). 

Despite few physical manifestations of disease at the time of HCV recurrence, patients report 
an impaired quality of life and functional status compared with other recipients without 
recurrence (Feurer, 2002). This suggests that patient knowledge of the diagnosis of recurrent 
HCV alone can negatively impact HRQOL (Hauser, 2004). They perceive themselves as 
unwell and have significant changes in their mental and physical health despite the absence 
of disease-related complications. However, only a limited number of studies have 
investigated the influence of gender, HCV genotype, or HCV antiviral treatment on the 
HRQOL of liver transplanted patients with HCV recurrence (Feurer, 2002; Saab, 2010).  

Complexity of the treatment requires an extra effort by the transplant team, for example 
before patients leave the hospital after transplant. Adverse events of medication have to be 
taken into account, possibly in the long-term, due to poorer physical functioning, 
depression, and greater rates of fatigue some patients can miss some doses. More than 50% 
of liver transplants recipients survive more than 20 years, achieve important self-
achievements, and report quality of life superior to patients with liver disease or other 
chronic conditions (Ruppert, 2010).  

8. Clinical relevance of measuring QOL and methodological difficulties 
Liver transplant is a surgery that restores both long-term physiology and well-being in 
patients with end-stage liver disease. (Tomé, 2008) Factors that have to be considered 
include the stress of waiting for a liver transplant - with its uncertainty in terms of both 
timing and outcome - as well as the physical and psychological demands of the procedure in 
the pre- and post-transplant period (Goetzmann, 2006). Other demands on the long term are 
linked to general quality of life (QOL) and treatment adherence (Drent, 2009). 

It is necessary to differentiate the clinical situation of patients with acute liver disease versus 
those with chronic liver disease, due to the process of adaptation that usually happens in 
chronic diseases. Several cross-sectional and longitudinal studies show a statistically 
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(Norman, 2003). Post-transplantation HRQOL scores are not affected in general by the 
etiology of the original liver cirrhosis, but transplant recipient scores continue to remain 
significantly lower than those of healthy patient controls. Prospective studies, showing the 
QOL evolution in the long term follow up, are starting to show differences between the 
cause of transplant and clinical evolution (Ruppert, 2010). Minimal clinical important 
difference is a concept defined as the minimal change in HRQOL which is important for the 
patient, allowing patients to report a minimal yet perceptible change in their health 
(Norman, 2003). Confirmation of the preliminary results in this group of patients is 
necessary. 

Relapse of substance abuse, especially alcohol consumption, often affects not only QOL, but 
also adherence to immunosuppressive therapy and thus long-term survival after OLT. As 
relapse of alcohol addiction occurs in 10 to 30% of OLT recipients, continuous psychological 
support has an important role in post-transplant care (Pfitzmann, 2007). 

The risk of recurrent disease in the graft influences the clinical prognosis. In previous 
alcoholics, or other addicts, disease recurs in a minority of patients. For example, in 
alcoholic disease histologically proven disease recurrence is not frequent whereas it is the 
rule in hepatitis C, and is not common in cases of primary biliary cirrhosis, auto-immune 
hepatitis, or primary sclerosing cholangitis (Kotlyar, 2006). 

In addition to being influenced by the psychological and physical condition of the patient, 
QOL is also affected by social function and occupational activity. Employment rates in liver 
transplanted recipients depend on several factors, such as age, education, duration of their 
disability and country. The number of patients returning to work after transplant ranges 
from 30% in Germany to about 55% in the United States and Canada (Bravata, 2001; Aberg, 
2009). 

During the first 6 months after liver transplantation, the majority of physical and mental 
components of health-related quality of life scores improve, but these increases are not 
sustained in the long term (De Bona, 2000). At 1 year after liver transplantation, emotional 
and mental health-related quality of life scores are balanced with a tendency to decrease 
(Paterson, 2000). In the postoperative years 1 to 5, possible episodes of acute cellular 
rejection, recurrent disease and patient age over 60 years decrease physical function and 
overall general QOL scores (Levy, 1995). Beyond 5 years after liver transplantation, 
osteoporosis, and episodes of chronic rejection may decrease QOL scores through decreases 
in the physical function and bodily pain domains (Karam, 2003). 

9. The importance of psychological aspects 
With regard to psychopathology, it is important to note that it is not always a 
contraindication for transplant per se (Jowsey, 2001; Gutteling, 2010). Some studies however, 
show that psychiatric diagnosis is common among transplant candidates specially in 
patients with previous alcoholic liver disease and hepatitis C carriers who may have worse 
clinical outcome after transplantation (Sherman, 2004).  

Telles-Correia, et al, found that in the pre-transplant period, the prevalence of depression 
was observed in 33% of patients, anxiety was observed in 34%, and dependency on alcohol 
or drugs was observed in 59%. After transplant, depression prevalence was observed in 
30%, anxiety in 26%, and psychosis in 6.4% (Telles-Correia, 2006). 
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As we mentioned above, non-adherence before transplantation is predictive of non-
adherence after transplantation. It is known that anti hepatitis C virus viral treatment is 
associated with neuropsychiatric side effects (Quelhas,& Lopes, 2009). Therefore, in these 
situations, psychopharmacological treatment is required to be initiated as soon as possible, 
especially in patients with a history of psychiatric disorder, to assure adherence to 
medication (Gangeri, 2007; Quelhas & Lopes, 2009). Many factors may affect the process of 
adaptation to the disease (Kendall; 1995; Uchino, 1996; Telles-Correia, 2008). Patients can 
have different coping strategies, the most common being, stoic acceptance, denial, 
hopelessness, anxious concern and fighting spirit.  

Coping strategies may change over time, depending on specific stressors and the development 
that follows the disease. Studies show that fighting spirit and denial are ways of coping better 
than the rest, in the sense that facilitate adjustment to illness (Carver, 2005; Russell, 2008). 

9.1 Psychosocial aspects in family and advanced liver disease  

Emotions are stressful for the patient and also for the family and can lead to physical and 
emotional exhaustion (Nickel, 2002). Family members usually have emotional troubles, 
sometimes overlapping those presented by the patient. The most common are: fear, anxiety, 
sleep disturbances, difficulty concentrating, loss of appetite, and fatigue (Sanders, 2008). 
When the patient gets all the attention, a feeling of isolation among other family members 
may appear (Pérez San Gregorio, 2008; Stilley, 2010). Moreover, other perceptions have been 
observed, such as guilt, when the patient is left alone, or fear of not doing enough or not 
doing something correctly, etc..,  

It is also important to mention two phenomena that may affect the whole family, and they 
are: the conspiracy of silence and family claudication (Miyazaki, 2010). The conspiracy of 
silence attempts to prevent that the parties involved become aware of the diagnosis and 
prognosis of the disease. The results are the emergence of mistrust, isolation, limited 
emotional expression and isolation which can create family-physician-patient misleading 
relationships (Bolkhir, 2007). To avoid the conspiracy of silence we must always take into 
account the real needs and desires of the patient information that can change with the time 
(Carr, 2001). 

Family claudication: expresses the absence of the family’s ability to respond adequately to 
the demands and needs of the patient due to a state of exhaustion and an overwhelming 
feeling that results in difficulties in maintaining a positive communication between the 
patient, family members, and the healthcare team (Szeifert, 2010; Kramer, 2011). 

9.2 Psychosocial intervention in patients with advanced liver disease 

The role of the psychological assessment and monitoring during the pre-and post-transplant 
phases, has been recognized. Identifying and reducing psychological risk factors may play a 
role in the long-term success of transplantation (Crone, 2006). 

Previous studies suggest that psychological intervention during the process of hepatitis C 
disease and transplantation is important and necessary (Quelhas &Lopes, 2009). Emotional 
support during the illness, before and after transplantation, both individually or in groups, 
can improve the emotional well being, HRQOL, survival, facilitate the adaptation and 
adherence of transplant candidates and transplant patients (Knott et al. 2006; Quelhas & 
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Lopes, 2009; Steel, 2007). The goals of psychological intervention are to improve the QOL in 
patients with liver disease, facilitating their adaptation to the disease, accepting adaptive 
coping strategies and ultimately improving the patient's sense of self-control (Goetzmann et 
al, found in a sample of 69 patients, that almost half (47%) expressed the need for emotional 
support during the assessment for the procedure of liver transplantation (Goetzmann, 2007).  

Van den Plas et al., showed that for transplant patients psychological support in the pre-and 
post-transplant periods besides the rehabilitation provided by the medical and nursing team 
and family, were one of the essential aspects of the transplant program (Van den Plas, 2003). 

In mood disorders and anxiety disorder, psychopharmacological therapy in conjunction 
with psychotherapy may ameliorate the disturbance to the point at which patients can reach 
an emotional, and affective balance. Their equilibrium, allows them to manage the eventual 
distress related to the transplant (Crone, 2006). Such patients, however, need constant 
support before, during and after transplantation; during the pre-transplantation phase, 
specifically for sensitivity to stress, (Table 6) and in the post-transplant phase, most 
significantly because of immunosuppressant therapy that might precipitate mood swings, 
irritability, mania and anxiety. Psychotherapy and/or psychotherapy in conjunction with 
pharmacological treatment might be indicated during all the phases of the transplant 
process as they are individuals who tend to manifest traits such as depression, anxiety and 
phobia (Marcellin, 2007). Anxiety reduction techniques, autogenic training, systematic 
relaxation techniques, guided imagery, and pain management are recommended (Pasquini, 
2006; Pelgur, 2009). 

Informed consent  Personality profile  Psychopathology 

Past/present psychiatric history  Effect of illness on daily life activities 

Use/abuse of alcohol and/or drugs 

Defense mechanism employed and coping skills 

Motivation for surgery  Treatment compliance 

Perceived Quality of Life  Support from the family and friends 

Socioeconomic support (together with nurses team and social worker’s evaluation) 

Awareness of information regarding the actual surgical event and future treatments 

Table 6. Domains of the pre-transplant psychological evaluation 

A mail survey was done to assess the importance of professionals assigned to psychosocial 
factors in evaluations for liver transplant candidacy and liver transplant surgeons from the 
highest volume liver transplant centers in the United States. Psychosocial evaluators 
assigned greater importance to availability of transportation, adaptation to stress and coping 
skills and were less likely than transplant surgeons to recommend that a patient with a 
history of poor social support be listed for liver transplant. The results of the study showed 
that factors identified by psychosocial evaluators are important and transplant outcomes 
should be studied (Santos Junior, 2007). 
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10. Experiences in our unit 
Our Liver Transplant Unit started the liver transplant program in 1984. In 1987 we began to 
study QOL using the generic test NHP (Figueras, 1989). Interestingly, this test allowed us to 
confirm that after one year of having received transplant, alcoholic patients showed a 
recovery in all questions related to their daily life. Their recuperation was similar to that of 
female patients transplanted for primary biliary cirrhosis. Our explanation was that ex-
alcoholics, recipients of transplantation, not only resolved their medical problems while 
abstaining from alcohol but also experienced a global improvement and had better self-
esteem. In our experience patients are offered a new outlook on life post-transplant. Even 
patients who are suffering from self-inflicted damage (ex-alcoholics or ex-drug users) 
perceive the donation as proof of solidarity, which sometimes results in them strengthening 
their relationships with family and friends and in some cases, renewing past relationships. 
Congress of Spanish Liver Transplantation Groups (1992 Murcia), lecture’s main focus was 
to discuss the "QOL after liver transplant” and whether the etiology of alcohol could affect 
in the results. It is interesting that we have detected some ex-alcoholics who are riskier cases. 
They have to attend regular visits with the psychiatric team. After liver transplant some 
patients may relapse and return to alcohol use. Rehabilitation in these cases is also possible. 
In our experience, severe cases are the exception; younger males (under 50 years old) who 
have shown a strong tendency to relapse and who have presented severe cases of 
recidivism, with small likelihood of rehabilitation.  

After 2000, due to the relevance of the use of a specific disease questionnaire for QOL 
assessment in clinical liver diseases and liver transplantation settings, we started using the 
LDQOL questionnaire, which was translated and adapted to the Spanish population by our 
group (Casanovas, 2003; 2007).  

We then made correlations with clinical and analytical data pre and post-transplant, and 
with validation and outcome studies (Casanovas, 2010a). The administration of this long 
questionnaire is time consuming. We are therefore currently planning to administer the SF- 
LDQOL questionnaire, which has already been validated by its authors ( Kanwal, 2008). 
Recently, some research on QOL in patients with chronic liver disease, with or without 
HCC, awaiting liver transplantation and the sensitivity to change of the LDQOL 
questionnaire to determination of the quality of life of liver transplanted patients 
prospectively followed for twoyears, has been presented. 

The LDQOL 1.0 has proven to be a useful and valid tool for measuring QOL cross-
sectionally in patients with liver disease. However, its sensitivity to change, or capacity to 
reflect actual changes in QOL after an intervention of assumed effectiveness, has not been 
studied to date. Studies on sensibility to change assessed using a prospective follow up from 
baseline, before transplant to 2 years after transplant, were presented at the AASLD meeting 
(Casanovas, 2010 b). 

11. Recommendations for future QOL after liver transplant studies 
Areas of future research related to QOL might help to settle long term problems associated 
with liver transplantation. There are a number of reliable and valid instruments, however 
none of them can be considered as the gold standard outcome to be used in all situations. 
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In future studies, more attention should be paid to the QOL outcomes in liver transplant 
recipients with alcoholic liver disease, hepatocellular carcinoma and those with hepatitis C. 
Some articles also suggest that female liver transplant recipients should receive special 
attention (Russell, 2008).  

Others point out the importance of focusing on the recovering functions both during the 
initial period post-transplant and on the long term results. How the new available 
immunosuppressor drugs have to be adjusted will depend on further research incorporating 
HRQOL results. (Crone, 2006) 

In relation to patients with previous addictions, there is no definitive biochemical test to 
identify alcohol relapse and the tests available have poor sensitivity and specificity, so 
emphasis on QOL is also important. More research is required in this field to detect alcohol 
ingestion before it has an effect on the new liver or when social and familiar behaviour 
could be difficult to manage. (Stilley, 2010) 

More attention for caregivers, usually wives because men are more frequently affected by 
liver diseases, is required. In single patients, it is necessary to identify a circle of friends or 
other family members who are willing to support and take care of them. (Carver, 2005; Day, 
2009; De Blesser, 2009). 

Considering factors that could condition differences in the evolution, future researches 
should assess a larger number of cases than those done to date,and implement prospective 
studies. 

12. Conclusion 
In the last few years, it has been recognized that incorporating the patient’s perspective on 
the outcomes of interventions is highly important. While the impact of a health condition on 
an individual is reflected by symptoms and altered functions, these reflect only part of the 
total impact of a disease, hence the need to capture the effects on perceptions of his/her self 
well-being. Moreover, the ratings of physicians on the presence or absence and severity of 
symptoms or functional limitations can differ from patients’ ratings and even from person to 
person. 

Among the measures representing the health effects from the perspective of the patient, are 
validated questionnaires of HRQL and QOL. Three content areas are crucial, symptoms, 
functions, and well-being. There are well developed psychometrically generic and disease 
specific indices suitable for particular areas of research or practice. Chronic liver disease 
patients perceived a lower measured HRQOL, compared to other chronic disease patients, 
especially those with advanced or decompensated liver disease. 

The results of QOL studies help the physicians to have a better understanding of chronic 
liver disease patients, some of them candidates to transplantation others post-transplant, 
thus enabling them to provide their patients with better support. Recognizing the goal of 
restoration of maximal QOL is essential to create appropriate interventions and to have the 
required information in order to improve treatment adherence and provide more overall 
satisfaction with QOL after liver transplantation. 

In clinical trials, evaluating new drugs or new treatment schedules, quality-of-life 
questionnaires should always be added to the usual criteria of toxicity, efficacy or other 
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evaluations. Liver transplant outcomes have to be considered as both a life-saving 
intervention and also as an opportunity to improve QOL. Patient interests –reported QOL- 
should suggest opportunities for ongoing development and research in this area. Therefore, 
we conclude that psychological care should be offered in all health centers and included in 
the comprehensive care of patients with liver disease. 

More research into the predictive and ethical aspects of psychosocial evaluation for liver 
transplant is needed. Further studies are necessary that include a complete evaluation of the 
effects of gender, age, socioeconomic status, education, and ethnicity in order to understand 
modifiable factors on HRQOL especially after HCV recurrence in transplanted patients that 
could greatly improve patient’s QOL with specific interventions. 
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1. Introduction 

Chronic hepatitis C virus (HCV) infection, together with chronic alcoholic liver disease, are 
the leading causes of hepatic cirrhosis and the development of hepatocarcinoma. Chronic 
HCV infection is the reason for about 50% of liver transplants in the western world; it is the 
second cause of liver transplants in northern Europe and and the main cause in countries 
such as Italy (Guillouche & Feray, 2011). In Spain, it accounts for 35% of all transplants 
(Registro Español de Trasplante Hepático [RETH], 2009). In fact, liver transplantation is 
currently the best therapeutic alternative for patients with advanced chronic liver disease 
due to HCV or those who develop hepatocarcinoma.  

Reinfection of the graft is universal and occurs in 95% of patients transplanted due to HCV 
infection. This reinfection can compromise graft function and patient survival. In a few cases 
the histological recurrence is minimal and non progressive, though in most patients it 
follows a more rapid course than in immunocompetent persons, and frequently evolves to 
cirrhosis with graft loss. There also exists a pattern of recurrence which is very severe, but 
unusual (<10%) called fibrosing cholestatic hepatitis that often involves rapid graft loss 
(Roche & Samuel, 2010). 

The elaboration of an efficient antiviral therapeutic strategy has been of paramount concern 
in clinical research in recent years, with questions about when, how much and at what point 
this treatment should be applied. 

A considerable number of studies published over recent years have shown that antiviral 
treatment of post-transplant HCV hepatitis carried out during the late phase is the  
best option for improving the prognosis of these patients. Those patients who present  
a negative HCV serology after antiviral treatment have better survival (Picciotto et al, 
2007). 

The future perspectives concerning the introduction of new drugs for the treatment of 
chronic hepatitis C may involve therapeutic changes and, perhaps, a better prognosis for 
these patients. 
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2. Natural history of post liver transplant HCV infection 
2.1 Recurrence of HCV post transplantation 

The viral infection recurs in almost all cases and occurs immediately after the graft 
reperfusion phase. The diagnosis of viral recurrence is purely virological and is established 
by detection in serum of HCV RNA using polymerase chain reaction (PCR) techniques. The 
levels of viraemia are generally far higher than those existing before the transplant (García-
Retortillo et al, 2002). The diagnosis of relapse of the hepatitis or disease in the graft, 
however,is based on histological findings. 

Pathophysiologically, two patterns of recurrence can be distinguished: (1) a pattern of 
chronic HCV hepatitis similar to that seen in non-transplanted patients but with a faster 
course, reaching states of advanced fibrosis or cirrhosis in a shorter time (9-12 years versus 
20-50 years); (2) a second pattern, called fibrosing cholestatic hepatitis, which is less 
common (3-5%) but very severe, and generally appears in the context of intense 
immunosuppression. It can present as an initial manifestation of disease relapse or, less 
commonly, in the context of recurrent chronic hepatitis, and is characterised by marked 
jaundice with cholestasis and high titres of viraemia. This form usually progresses rapidly to 
acute liver failure, with graft loss soon after.  

Histological confirmation is necessary to establish the diagnosis of HCV recurrence, as well 
as to assess the degree of activity and perform a periodic follow-up of histological disease 
progression. This not only provides information about the prognosis, it can also establish 
the differential diagnosis with other complications such as rejection, biliary disease, or 
vascular problems (Berenguer et al., 2001a, Berenguer et al., 2003, Roche & Samuel, 2010, 
Samuel et al., 2006). 

A new non-invasive technique, transient elastography, has recently become available that 
appears to correlate well with the stage of fibrosis. This technique can detect an important 
degree of fibrosis (F≥2) with effect from the sixth month after transplantation, and has an 
excellent diagnostic capacity at 12 months post-transplantation (Carrión et al, 2010a). 

2.2 Evolution of the recurrence of HCV in the post-transplant liver 

The histological involvement of the graft and the natural history of the recurrence both vary, 
with different presenting forms. Post-transplant reinfection with HCV is associated with 
greater aggressiveness than in immunocompetent patients (Table 1) (Berenguer et al, 2000, 
Berenguer et al, 2001b). 

At around the fifth month after transplantation there is an acute hepatitis, which is generally 
asymptomatic in some 50% of patients. Its histological findings present characteristics of 
lobular hepatitis with varying degrees of inflammatory infiltrate in the portal space, mainly 
of lymphocytes and macrovesicular steatosis, similar to the histological pattern found in 
acute hepatitis in immunocompetent patients. 

Of those patients who experience a relapse of their HCV infection after liver transplantation, 
20% have histological lesions compatible with mild chronic hepatitis 5 years post-
transplantation. The others experience a more important chronic evolution. The progression 
to hepatic cirrhosis occurs in 30% of these patients after 5 to 7 years post-transplant, and is 
much faster than in immunocompetent persons (Forman et al., 2002). 
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The progression of the fibrosis is much more accelerated in those patients who receive their 
transplants due to HCV infection and who have a recurrence of the disease, up to five times 
faster than in immunocompetent persons. Accordingly, the evolution to cirrhosis is also 
sooner, with the average being 10 years as opposed to 20-30 years for immunocompetent 
persons with chronic HCV infection (Forman et al., 2002, Firpi et al., 2009). 

Once cirrhosis is reached, 40-50% of transplanted patients will experience their first 
decompensation within one year. Survival after this first episode of decompensation is 50% 
(Berenguer et al, 2001b, Firpi et al, 2009). 

In immunocompetent persons, about 25% experience their first decompensation 10 years 
after hepatic cirrhosis is diagnosed, and of these 50% survive for five years after the 
decompensation episode. 

  Pre-transplantation Post-transplantation 
Fibrosis progression 0.2 units fibrosis/year 0.3 – 0.8 units /year 
Median time to cirrhosis 20-30 years 10-12 years 
Decompensation after 
development of cirrhosis 

20-25% in 10 years 50% in 3 years 

Survival after 
decompensation 

50% at 5 years 50% at 1 year 

Berenguer et al, 2001b. 

Table 1. Natural history of hepatitis C before and after transplantation 

2.3 Factors influencing the recurrence of HCV and graft survival 

The course of post-transplant hepatitis C is determined by the interaction of various factors. 
Certain pre-transplant factors in the recipient are associated with worse evolution, including 
female sex, older age, and the presence of diabetes or the metabolic syndrome (Firpi et al 
2004, Gallegos-Orozco et al, 2009, Pagada et al 2009, Pérez et al 2011). Other pre-transplant 
factors depend on the virus, for example the genotype HCV 1b, a high pre-transplant viral 
load, the absence of response to antiviral therapy and coinfection with HIV have also been 
associated with a worse prognosis (Berenguer et al, 2005). 

Other factors, related with the donor and the peri-operative period, can also affect the 
severity and the time to relapse of post-transplant HCV infection, such as an older donor 
age (>50 years), a high degree of steatosis in the donor liver, a prolonged ischaemia time, a 
non-heart beating donor, a living donor, preservation injury, a partial split graft, or anti-
HCV positive donors, all of which have been associated with a worse evolution (Pérez-Daga 
et al, 2006, Machicao et al 2004;. Pine et al 2009; Humar et al 2005) 

Notable among the post-transplant factors is the metabolic syndrome, present within the 
first 12 months in around 50% of all patients who receive a transplant due to HCV infection 
and which is associated with greater progression of the fibrosis. Thus, the importance of 
control of factors like dyslipidaemia, hypertension and, more importantly, diabetes 
associated with insulin resistance, all of which play a crucial role in the evolution of the 
recurrence of post-transplant HCV infection (Hanouneh et al., 2008, Gallegos-Orozco et al, 
2009).  
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Recent studies appear to show that polymorphisms in the interleukin 28 B gene (IL-28B), in 
both the donor and the recipient, may influence not only the response to antiviral therapy 
but also the evolution of hepatitis C due to post-transplant HCV reinfection, with a worse 
evolution in those with the genotypes CT and TT (of the polymorphism rs12979860) as 
compared with the genotype CC (Charlton et al, 2011, Brocato et al, 2010). 

2.3.1 Role of immunosuppression in recurrence of hepatitis C 

Agreement exists that immunosuppression is significantly associated with the natural 
history of recurrent hepatitis C (Samuel et al, 2006). However, controversy still surrounds 
the role of each immunosuppressive agent on HCV replication and the evolution of hepatitis 
C on the graft. 

Immunosuppression contributes greatly to the increased viral load that takes place in these 
patients during the immediate post-transplant months. The recipient’s cellular immune 
response against the infected hepatocyte, and thus against the virus, is altered. It is almost 
absent in patients with fibrosing cholestatic hepatitis and severe disease recurrence 
(McCaughan 2004, Samonakis et al, 2005). 

The role of the type of immunosuppressive regimen and its influence on the progression of 
recurrence are still unclear and there is no established ideal immunosuppression protocol. 

The use of high-dose steroid boluses to treat episodes of acute rejection, , has been shown to 
be clearly prejudicial, as they condition an increase in viral replication, a more aggressive 
relapse and increased early post-transplant mortality (Samuel et al 2006, Berenguer et al, 
2006a). 

Some studies suggest the possible benefit of maintaining low-dose steroid regimens with 
progressive withdrawal during the first 6-12 months (Berenguer et al, 2006a). However, two 
recent meta-analyses found that steroid-free immunosuppression protocols are significantly 
better and provide benefits related with such factors as the acute graft hepatitis, HCV 
recurrence, cholesterol levels and the development of de novo diabetes mellitus (Sgourakis 
et al, 2009, Segev et al, 2008). Thus, the use of steroid-free immunosuppression protocols 
improves the management of metabolic complications. 

Regarding the use of calcineurin inhibitors, numerous studies have compared the recurrence 
of HCV with the two drugs, cyclosporine and tracrolimus. However, the results are not 
completely conclusive, with most studies failing to find differences. Thus, it is not possible 
to recommend the use of a specific calcineurin inhibitor. There seems to be evidence that the 
use of cyclosporine during interferon treatment may be beneficial, and that tacrolimus 
seems to reduce episodes of acute rejection and the need for steroid boluses. A possible 
beneficial immunosuppressive regimen could be to start with tacrolimus and later substitute 
it with cyclosporine if antiviral treatment is considered necessary for HCV recurrence 
(Berenguer et al, 2007, Levy et al, 2006, O´Grady et al, 2007). For other immunosuppressive 
agents, such as mycophenolate, azathioprine, mTor inhibitors or anti-IL-2 receptor 
antibodies, no solid studies have yet been done from which to obtain conclusions. In 
summary, therefore, the only firm recommendation would be to avoid a state of over-
immunosuppression, avoiding steroid boluses and full-dose triple or quadruple regimens. 
This could lead to improved results in these patients (Berenguer et al, 2006a). 
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3. HCV antiviral treatment 
Although treatment is based on the administration of pegylated interferon and ribavirin, as 
is done in immunocompetent patients, no standardized consensus criteria exist about the 
ideal time to initiate such therapy, which patients should be treated or the most suitable 
dose or duration of the regimen. The 2010 Expert Opinion Meeting of the Italian Association 
for the Study of the Liver (AISF, 2010) established the following criteria for starting antiviral 
therapy in patients with post-transplant HCV reinfection: the presence of positive HCV-
RNA serology, compatible liver histology (HCV recurrence and fibrosis stage ≥F2 (Scheuer)) 
and the exclusion of rejection, vascular disease or biliary obstruction, with level III evidence 
and grade B recommendation. 

As HCV recurrence is one of the most usual causes of graft loss, it can be assumed that those 
patients who respond to treatment will have a better prognosis, and consequently, an 
improved survival. One of the main problems of antiviral therapy concerns its frequent, and 
sometimes severe, secondary effects, which reduce tolerability and thus efficacy. Thus, 
given the lack of universal methods to prevent graft reinfection, the only alternative is 
antiviral therapy, to be used at varying times around the transplantation. 

3.1 Pre-transplant antiviral therapy 

Pre-transplant therapy consists of treating patients with chronic HCV liver disease who are 
candidates for a liver transplant before the transplantation, in order to reduce the viral load 
or even make it negative, thereby avoiding later reinfection in the graft.  

Studies indicate that using interferon and ribavirin up to 30% of patients manage to reach 
the time of transplant with negative viraemia, though a negative HCV-RNA prior to 
transplant does not guarantee the absence of post-transplant recurrence of infection 
(Charlton et alt, 1998). The main inconvenience of this regimen concerns the poor tolerance 
to treatment in patients with advanced cirrhosis, and the presence of more and worse side 
effects in relation to the evolution of the liver disease, so that it can only be used in fewer 
than 50% of patients. In 60% of those patients who do receive this regimen, the doses of 
pegylated interferon and ribavirin have to be reduced due to the high rate of undesired 
effects, and even occasionally stopped prematurely, which leads to the poor virological 
results seen. This therapeutic strategy, therefore, should be given prudently, and can be 
recommended for those patients on the transplant waiting list who have compensated liver 
disease (Child Pugh A plus hepatocarcinoma, for example), independently of the genotype 
and viral load, and in those patients in Child Pugh stage A-B and MELD ≤18 with a good 
virological response profile who have no contraindication to starting the treatment (Everson 
et al, 2005, Crippin et al, 2002). 

3.2 Post-transplant antiviral therapy 

Post liver transplant therapy can be given either shortly after the operation or some time 
later, when the recurrence of the hepatitis C is established. 

3.2.1 Early post-transplant antiviral therapy (Pre-emptive therapy) 

Early treatment is given during the first weeks after the transplant (mainly between the 
second and sixth weeks). The idea behind this strategy is to anticipate the infection and 
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eliminate the HCV before the hepatic lesion appears. Nevertheless, this early antiviral 
therapy has numerous limitations, such as the degree of post-transplant 
immunosuppression present in these patients; their clinical situation after the transplant, 
which affects their tolerance to treatment; their high viral load, partly related with the 
degree of immunosuppression, and the corresponding reduction in therapeutic success plus 
the high risk of episodes of rejection, which advise delaying treatment until a more suitable 
time from the immunological standpoint (Sheiner et al, 1998, Chalasani et al, 2005, Sugawara 
et al, 2004, Shergill et al, 2005). 

This strategy is, however, applicable to all patients who receive a transplant due to HCV 
infection, including those who have no aggressive rejection episode and remain stable, with 
minimum hepatic lesions for whom antiviral therapy would perhaps not otherwise be 
indicated. 

The viral response experienced, according to the various studies published, ranges from 1% 
to 13%. However, treatment had to be withdrawn early in 35% of the patients treated, due to 
adverse effects (Shergill et al, 2005). The application of this treatment regimen could perhaps 
be considered in those patients who receive a further transplant due to aggressive HCV 
infection or in coinfected (HIV) patients. 

3.2.2 Late post-transplant antiviral therapy 

This consists of applying treatment once the histological recurrence of the HCV is well 
established, with the aim of preventing rapid progression of the hepatic lesion. The period 
of treatment application is from 2 to 7 months after the transplant, or according to the 
histological lesions seen on liver biopsy. Using this strategy, the patient has a lower and 
better controlled degree of immunosuppression, has recovered from the surgery, and 
alterations present prior to the transplant have been corrected, such as anaemia, 
thrombocytopoenia or the nutritional status, all of which favour greater tolerance and 
applicability. 

The rate of sustained viral response seen with this schedule is from 20% to 40% (2,21-22,25); 
the rate of premature interruption of treatment is around 28% and that of dose reduction 
73%. The results, though, are still worse than those found in immunocompetent patients 
(Berenguer, 2008).  

In all cases management should be personalized, and consideration given to such factors as 
renal function, concomitant diabetes, a prior history of rejection and genotype (Aymant et 
al, 2010). 

3.3 Antiviral drugs and regimens 

The optimal dose and duration of antiviral treatment in transplant patients are unknown, 
and the same regimens are usually followed as those applied to immunocompetent patients 
(Otón et al, 2006). 

Adverse effects are the main reason for dose reduction (50%), particularly with ribavirin, 
and premature treatment interruption (25%). The most usual adverse effects involve 
haematological alterations, mainly anaemia (60-80%), neuropsychiatric disorders (around 
10-15%), thyroid disorders, asthenia (60-70%) and infections (15-25%). The use of 
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erythropoietin and colony-stimulating factors (G-CSF) helps avoid the need for dose 
reduction and thus increases the possibility of reaching a sustained viral response. Though 
these drugs clearly permit better tolerance to antiviral treatment, no data yet exist to confirm 
improved efficacy. (Berenguer et al 2006b, 2008). 

The development of acute cellular rejection represents another possible complication, with 
an incidence of around 6% (0-35%). It is related with the state of the patient’s 
immunosuppression, the time since transplantation, the concomitant use of ribavirin and 
the use of pegylated interferon (more than with conventional interferon). Cases of chronic 
rejection (<1%) have, however, been reported in patients who achieve a viral and 
biochemical response. In this situation it has been attributed to improved hepatic function 
with the resulting change in metabolism of the immunosuppressive drugs, which could 
determine a reduction in their blood levels (Berenguer, 2008, Otón et al, 2006). Accordingly, 
close vigilance and monitoring of the immunosuppression are necessary during treatment, 
as well as histological study in the event of unexplained laboratory findings. 

3.4 Factors predicting response to antiviral therapy 

Factors predicting antiviral response in the patient who undergoes liver transplantation due 
to HCV infection are mostly similar to those seen in the immunocompetent patients. Factors 
associated with a worse response include advanced donor age, advanced fibrosis, the 
presence of genotype 1, a high initial viral load and the presence of the metabolic syndrome. 
Obtaining a rapid viral response (4 weeks after starting antiviral therapy) and an early viral 
response at 12 weeks of treatment predict a sustained viral response, as seen with HCV 
treatment in non-transplant patients (Berenguer et al, 2006; Jiménez et al, 2010).  

Polymorphisms in interleukin (IL-28B) (chromosome 19), related with response to 
antiviral therapy in immunocompetent patients (Fukuhara et al, 2010), are also related to 
response in transplant patients. Polymorphisms in rs 1127354 (chromosome 20), which 
determines the activity of inosine triphosphatase, have been associated with the 
possibility of predicting a predisposition to the development of haemolytic anaemia in 
relation to ribavirin (Fellay, 2010).Another important factor to consider that is associated 
with a greater sustained viral response concerns treatment adherence; at least 80% 
compliance should be aimed for. 

4. Retransplant 
For those patients with recurrence of HCV who have a decompensated cirrhosis, a liver 
retransplant is the only curative option.The International Liver Transplantation Society 
Expert Panel indicates that recipients aged >55 years, donors >40 years, a bilirubin ≥10 
mg/dl, creatinine clearance <40 ml/min and early recurrence of HCV-related cirrhosis after 
transplant are all associated with a worse prognosis after retransplant (Carrion et al, 2010b). 
The development of fibrosing cholestatic hepatitis also has an unfavourable prognosis after 
retransplant (Marti et al, 2008). 

Models predicting survival after retransplantation have been validated. These include the 
Markmann score (Markmann et al, 1999) and the Rosen score (Rosen et al, 1999), which 
appear to be the most accepted and enable prediction of the prognosis in the retransplant 
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patient, thus improving associated survival. Generally speaking, it is recommended that a 
retransplant should be offered to those patients who have a likelihood of 1-year survival of 
at least 55%, which includes patients with a Rosen score <20.5 (Marti et al, 2008). 

The cornerstone depends on reducing the number of candidates for retransplantation, 
identifying those patients who have accelerated recurrence and undertaking energetic 
measures for their management, as well as starting antiviral therapy. 

5. New therapies for HCV 
The advent of new drugs for the treatment of HCV infection, as well as polymerase and 
protease inhibitors, will considerably change the management of HCV infection due to their 
high antiviral power (Kwo et al, 2009, Hezode C et al, 2009). Around 50% of non-transplant 
patients who are difficult to treat because of the presence of factors predicting a lack of 
response have been shown to experience a greater sustained viral response (Aymant et, 
2010). In transplanted patients, the increase in efficacy, applicability and tolerance, and the 
possible interactions with other drugs are as yet unknown and more studies are still 
required. 

6. Conclusions 
Despite the advances in liver transplantation, the results in patients with HCV infection 
are not as satisfactory as desired, due mainly to the recurrence of the primary disease and 
the lack of availability of an efficient prophylactic therapy. Likewise, antiviral therapy still 
presents important limitations, particularly its poor tolerance, which hinders its use at full 
doses or for a sufficient duration to achieve an adequate response. The most 
recommended attitude is to attempt antiviral therapy prior to the transplant, particularly 
for those patients with maintained liver function, in an attempt to avoid disease 
progression, though if this is not possible, at least reach transplantation with a negative 
viraemia. Strict monitoring of the progression of the fibrosis by serial biopsies and/or 
elastography will enable early identification of those patients who might benefit from 
antiviral therapy to detain the advance of the disease and thus avoid the possible need for 
a retransplant. Nevertheless, new therapeutic approaches are required for the treatment of 
hepatitis C infection that can obviate the need for liver transplantation. For this, the 
introduction of protease and polymerase inhibitors is opening up hope for the future 
treatment of this disease. 
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1. Introduction 
Hepatitis-C-virus (HCV) represents one of the most serious threats for human liver and 
chronic HCV-infection results in the development of liver cirrhosis and hepatocellular 
carcinoma (HCC). HCV is an enveloped RNA-virus belonging to the flaviviridae family. 
Currently six identified HCV-genotypes, different in their geographic distribution define the 
severity of pathogenic effect, disease course and treatment results. About 1.5% of the 
European population are HCV-positive. Although the natural history of HCV-infection is 
rather slow, highly variable disease progression may lead to a rapid loss of liver function  
[1, 2]. An estimated annual incidence of new infections (3-4 millions) explains 170 million 
HCV-positive people worldwide. 80% of all HCV-infections become chronic and fewer than 
25% of HCV-positive individuals are clinically apparent presenting either in a clinically 
stable state with few only symptoms or with fully decompensated liver disease with a dire 
prognosis [1, 3, 4]. Once chronic HCV-infection is established, the rates of spontaneous viral 
clearance remain discouraging. 

The development of liver fibrosis is the main determinant of morbidity and mortality of 
HCV-positive patients [1]. Fibrosis results from excessive formation of extracellular matrix 
(ECM). The established imbalance of fibrogenesis and fibrolysis during chronic liver 
damage, which leads to scarring of the liver, is accompanied by a progressive loss of liver 
function despite the use of antiviral or anti-inflammatory agents [1, 5]. HCV-re-infection can 
trigger the excess synthesis and deposition of ECM usually by activation of cytokine release 
[1, 5]. Activated macrophages, lymphocytes, bile duct epithelia but also endothelia and 
myofibroblasts are sources of fibrogenic cytokines and growth factors that can stimulate 
hepatic stellate cells HSCs to produce ECM-molecules leading to fibrosis during chronic 
liver injury [1, 5]. The most prominent fibrogenic cytokine seems to be the transforming 
growth factor-β1 (TGF-β1), which is released during inflammation, tissue regeneration and 
fibrogenesis. TGF-β1 is considered to play a pivotal role in the hepatic fibrogenesis strongly 
increasing the production and deposition of ECM-components [1, 6]. Fibrosis progression is 
influenced by a whole range of virus, host and environmental factors. Advanced age, male 
gender, race (black), viral co-infection (HBV), alcohol intake and genetic background seem 
to influence the course of the disease [7-10]. For patients with HCV-induced end-stage liver 
disease (ESLD) liver transplantation (LT) remains the treatment of choice according to 
functional (cirrhosis CHILD B-C) or neoplastic (HCC) severity of hepatic injury [11]. 30-50% 
of all LTs are performed due to HCV-associated ESLD thus representing one of the leading 
LT-indications. 
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Regarding the recurrence of pre-transplant diseases after LT, HCV-re-infection may 
represent one of the most important threats to graft and patient survival after primarily 
successful transplantation. Although remarkable differences in the course of HCV-infection 
exist between pre- and post-transplant settings, the uniform picture of liver or graft cirrhosis 
is similar and comparable to a certain extent. 

2. HCV-recurrence after liver transplantation 
HCV-recurrence after LT is one of the most important issues regarding the spectrum of 
current graft diseases. Despite comparable pathophysiological processes, the course of graft 
hepatitis is usually more progressive compared to the natural setting of HCV-infection [11-15]. 

2.1 Epidemiological and etiological aspects 

Most of the patients either show biochemical or histological signs of inflammation, whereas 
30% of all graft recipients develop graft cirrhosis within 5 years after LT, leading to an 
impaired patient survival and a dubious transplant success. Progressive loss of graft 
function may even require re-transplantation despite of consistent antiviral treatment [16]. 

Arbitrary in use and manifold in extent, the term “HCV-recurrence” implies the whole 
spectrum of graft disease such as asymptomatic infection, graft-hepatitis, fibrosis and 
eventually transplant cirrhosis. The uniform picture of end stage graft disease comprises 
scar formation and replacement of liver parenchyma by connective tissue as a result of 
accelerated fibrogenesis [1, 17, 18]. Clinical presentation of graft function loss is very similar 
to the natural setting though more rapid and progressive. Ascites, variceal bleeding, 
encephalopathy and jaundice are common results of graft decompensation. 

Patient survival with HCV-recurrence is dramatically compromised compared to non-HCV-
related transplants [15]. Several studies pointed out significantly lower survival rates in 
HCV-positive recipients due to accelerated fibrosis development. Survival analysis 
performed in a cohort of 2294 patients (Charité, Berlin, Germany since 1988) demonstrated 
highly significant differences (unpublished data) comparing 455 HCV-positive to 1839 HCV-
unrelated transplants (p<0.001; fig.1). 

 
Fig. 1. Disease-related post-transplant survival 
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Persisting in the extrahepatic reservoir, HCV reappears as a universal post-transplant 
phenomenon, leading to the development of graft disease in a highly variable manner. At 
the moment of hepatectomy HCV-load may become even undetectable indicating the 
importance of the liver as major HCV-reservoir. After transplantation, HCV-redistribution 
arises from extrahepatic sources (lymphatic tissue) and HCV-viremia reappears within first 
post-transplant days [19, 20]. Molecular analysis has shown that postoperative viral strains 
are identical to those detected before transplantation. HCV-load literally explodes after one 
week achieving values of one logarithmic step higher compared to pre-transplant condition 
basically due to indispensable immunosuppressive medication [21]. Among currently 
known genetic HCV-variants (1-5), genotype-1b predominates in the post-transplant setting 
due to selection as the most stubborn [22]. 

2.2 Diagnostics 

HCV-recurrence, ranging from asymptomatic viremia to rapid fibrosis progression requires 
an exact description and diagnostic assessment of injury extent. Clinical presentation of 
HCV-recurrence is frequently unspectacular, basically corresponding to HCV-infection in 
the natural setting. Though highly variable and unreliable, general discomfort and fatigues 
may appear as first symptoms of HCV-recurrence. In contrast, advanced stages may 
clinically result in jaundice, hemorrhage, edema, ascites, encephalopathy, infection, 
secondary organ failure according to the degree of functional deterioration. Therefore, 
standardized quantification of graft damage and disease extent must be performed, in order 
to identify high-risk-patients, initiate antiviral treatment and monitor further development. 

2.2.1 Clinical and biochemical aspects 

After successful LT, graft function is usually followed-up according to local protocols. 
Clinical presentation after LT is usually unremarkable unless advanced graft disease has 
already developed and symptoms of liver insufficiency become apparent [21]. Elevated 
aminotransferases (2-4-fold) are frequently observed along with normal parameters of 
synthesis and excretion as a biochemical expression of inflammatory activity in 
parenchyma. Severe HCV-recurrence may lead to variably impaired detoxification and 
synthesis similar to the natural course of HCV-associated liver disease [16]. However, the 
differentiation of HCV-associated graft hepatitis from acute cellular rejection (ACR) is 
frequently impossible, based on laboratory data, only. Taken a sufficient level of 
immunosuppression and a detectable HCV-load, HCV-recurrence seems to be probable 
after the exclusion of immunological, metabolic, vascular and biliary causes for biochemical 
abnormalities. Therefore, graft biopsy must urgently be performed as diagnostic gold 
standard [21]. 

2.2.2 Histology 

As a very reliable method, histological analysis of graft tissue usually helps to determine the 
etiology of graft malfunction especially in combination with supportive results of other 
paraclinical examinations such as laboratory analysis, cholangiography and Doppler-
sonography. The histological picture of HCV-re-infection usually implies a mild sinusoidal 
infiltration by lymphocytes and mononuclear cells resulting in a variable degree of portal 
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inflammation. HCV-associated inflammation may trigger an excessive synthesis of ECM-
components and result in the accumulation of collagens. 

The imbalance between synthesis and degradation of connective tissue defines the 
progression of fibrosis [1]. Once the diagnosis of HCV-related graft hepatitis is made, the 
indication to antiviral treatment should be evaluated in order to prevent aggravation. The 
development of fibrosis is not linear [21, 23]. Since the accumulation of connective tissue and 
pathologic alteration of histological structure are definitive endpoints of HCV- recurrence, 
serial biopsies and long-term follow-up are highly indispensable for the assessment of HCV-
related damage (fig. 2) [21, 24, 25]. 

 
Fig. 2. Post-transplant dynamics of fibrosis 

Along with several available and currently accepted scores, hepatic fibrosis is frequently 
characterized by a semiquantitative score, proposed by Scheuer & Desmet [26]. Using a scale 
(0-4), fibrosis is staged as ordinal data values (0: absent, 1: mild without septa, 2: moderate 
with few septa, 3: numerous septa without cirrhosis and 4: cirrhosis). Although no 
arithmetic procedures can be performed with ordinal data, Desmet and Scheuer-score 
appears to be superior in reproducibility over other semiquantitative systems in fibrosis 
assessment [27]. In a recent analysis according to Desmet and Scheuer, accepted time-related 
rates of graft cirrhosis development (30% after 5 and 50% after 10 years) could be confirmed 
in a representative cohort of more than 400 transplants with HCV-recurrence (Charité, 
Berlin, Germany). Advanced fibrosis stages (3-4) were observed in 39.2% after 5 and 47.5% 
after 10 post-transplant years, respectively, emphasizing the importance of a universal term 
definition (fig. 3). 

Apart from fibrosis quantification, microscopic evaluation of inflammatory pattern helps to 
differentiate severe cellular rejection from HCV-infection in spite of significant biochemical 
similarities [28]. Low levels of immunosuppression may induce an ACR-event. Due to 
frequently simultaneous occurrence of acute cellular rejection and HCV-re-infection in the 
early post-operative period, these entities tend to be easily misdiagnosed. Classified according 
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to Banff-criteria, ACR may present microscopically as an accumulation of mononuclear cells 
(lymphocytes, eosinophil and neutrophil granulocytes) including endothelitis, portal, 
centrolubular inflammation and biliary alterations [28]. 

 
Fig. 3. Progression to advanced fibrosis stages 

Currently ACR is treated by the application of intravenous steroid pulses for 3-5 days. In 
few cases, mono- or polyclonal antibodies are administered in case of steroid resistant 
rejection [21]. HCV-exacerbation is widely accepted as an inevitable side effect of ACR-
treatment due to limited alternatives. Morphologically, mild forms of ACR hardly differ 
from HCV-re-infection due to principal differences in the pathogenesis. Regarding the 
danger of steroid-associated HCV-exacerbation, steroid-based treatment is recommended in 
moderate and severe degrees of ACR in HCV-positive transplants according to current 
standards. In contrast, mild ACR should be treated by the administration of higher 
calcineurin inhibitor doses (CNIs) and MMF-complementation as dual immunosuppressive 
medication. Therefore, the diagnosis must be based on the histological analysis of graft 
biopsy as most reliable method [21, 27]. 

3. Risk factors 
The progression of HCV-associated graft disease is influenced by a whole range of virus, 
donor, recipient and environmental factors. The variety of relevant confounders exhibiting 
variable impact, their interaction in genetically unique living individuals resulting from a 
successful LT have been in the center of attention for many decades. Some risk factors for 
the development of graft fibrosis have been identified during the scientific attempt to 
unravel the mystery and to understand the substance of HCV-recurrence in detail [21, 29]. 
However, the majority of observations were based on low sample size. Nevertheless, the 
existence of virological, immunological, surgery-related and even historical confounders 
illustrates the complexity and variability of the issue (table 1). 
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Variables  

age >50 years 

warm and cold ischemia long ischemia 

organ quality steatosis, iron concentration 

donor 
and  
surgery  

genetics IL28B 

age older age 

gender male 

race black 
host  

genetics IL28B, TGF-β1 
blood group mismatch 

histocompatibility mismatch 

immunosuppression type, high levels 

ACR-episodes ACR-occurence 

ACR-treatment corticosteroids, OKT-3 

immunology 

co-infection CMV 

genotype Ib 
HCV-related 

viremia level early peak 

antiviral treatment non-response pre- and post-transplant 

Table 1. Variables related to the severity of HCV-recurrence 

3.1 Donor- and surgery-related factors 

Liver graft has been quickly suspected to affect HCV-recurrence as a dominant location of 
pathologic events. Several studies detected a negative effect on HCV-recurrence regarding 
donor age, organ quality, histocompatibility matching, steatosis and iron concentration [30, 
31]. Furthermore, transplant-related factors such as duration of organ harvesting, warm and 
cold ischemia time (transport and implantation) have been shown to contribute to HCV-
related post-transplant events and processes [21]. Genetic variance of growth factors and 
cytokines in donor is currently suspected to impact on the progression and treatment of 
HCV-associated graft disease [32, 33]. 

3.2 Host-related factors 

The development of fibrosis seems to be twice as fast in males compared to female 
recipients. In contrast to the controversially discussed role of recipient age, black race and 
male gender have been shown to negatively affect fibrosis progression [22]. Cytokines and 
growth factors are final effectors in the pathogenesis and may theoretically play a key role in 
fibrogenesis [1, 34]. Analogously to donor, genetic polymorphisms of recipient cytokines are 
being currently intensively investigated and seem so far to modulate the course of HCV-
recurrence and antiviral treatment success. This issue will be presented below. 
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3.3 Viral factors 

The impact of viral properties on the course of HCV-associated graft disease has been 
assessed by several studies, obtaining partially controversial results. Progression of graft 
hepatitis-C seems to be accelerated in patients with HCV-genotype-Ib, high pre-transplant 
HCV-RNA-load and early post-transplant peak of viremia [29, 35-37]. Interestingly, HCV-
core protein has been demonstrated to promote inflammation by the release of oxidative 
stress and to reinforce apoptosis and steatosis. During inflammation, activated hepatic 
stellate cells generate ECM-components and determine the rate of graft fibrosis progression. 
Furthermore, CMV-coinfection seems to reinforce fibrosis progression [25, 36]. 

3.4 Immunologic factors 

Along with histocompatibility mismatch, mode of immunosuppression, the occurrence of 
acute cellular rejection and its treatment have been identified as dominant confounders of 
HCV-related graft disease [21, 22]. 

3.4.1 Immunosuppressive medication 

Highly complicated interaction and vulnerable balance in the immune answer to HCV is 
compromised by the inevitable use of immunosuppressive medication. The inappropriate  
T-cell mediated response to HCV-re-infection is accused to be responsible for disease 
progression. Stronger immunosuppressive regimen may accelerate fibrosis progression [38, 
39]. Calcineurin-inhibitors (cyclosporine and tacrolimus) represent the backbone of current 
immunosuppressive medication and have been suspected to influence the extent of HCV-
recurrence. In spite of similar pharmacological mechanisms, cyclosporine has been proposed 
to have a positive effect on interferon-based antiviral treatment. However, clinical 
significance currently remains unclear [40]. Levels of HCV-viremia seem to be the CNI-type 
[41]. 

Mycophenolate mofetil (MMF) inhibits the lymphocyte proliferation and may decrease the 
overall inflammatory activity in the graft. MMF was strongly suspected to have a positive 
impact on fibrogenesis [42]. However, the theoretically promising antiviral effect of MMF 
in-vitro could not be demonstrated as substantial, regarding fibrosis development. 
Nevertheless, dual immunosuppression based on CNIs and MMF is frequently used in 
patients with HCV-recurrence and is believed to exhibit a positive effect on the severity of 
HCV-recurrence [42]. 

Sirolimus as a representative of mTOR-inhibitors seems to decelerate fibrosis progression in 
graft re-infection by blocking post-receptor signal transduction and interleukin-2-dependant 
proliferation. Although, no definite statement can currently be made, sirolimus may 
represent a reasonable therapeutic option [43, 44]. 

3.4.2 Acute cellular rejection 

The occurrence of acute cellular rejection (ACR), its severity and frequency have been 
reported to aggravate the course of HCV-related graft disease [16]. Administration of 
corticosteroid pulses and antibodies (OKT-3) in case of steroid-resistant rejection as ACR-
therapy are associated with a significant elevation of viral load and accelerated fibrosis 
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development [21, 22]. The extent of immunosuppression, CNI-type and previous episodes of 
rejection are widely considered to affect the incidence of ACR. Furthermore, individually 
different genetic background of ACR-mediating cytokines might be involved in the 
pathogenesis [45]. Furthermore, individually different genetic background of ACR-
mediating cytokines might be involved in the pathogenesis [45]. Mannose-binding-lectin-2 
(MBL-2) plays an important role in the innate immune system acting as opsonine by 
activation antibody-independent pathway of the complement system [46, 47]. 
Polymorphisms of MBL-2-gene (rs7096206; G/C) have been shown to affect the occurrence 
of ACR in a homogenous cohort of HCV-re-infected patients (Eurich et al). 

3.5 Antiviral therapy 

Antiviral therapy is the cornerstone of graft cirrhosis prevention in HCV-infected recipients. 
The clinical and histological course of hepatitis-C is inseparably associated with antiviral 
treatment strategies. Recent introduction of new formulations of interferons (IFN) such as 
pegylated interferons (PEG-IFN) in the treatment of HCV-infection before and after LT 
revealed promising results. Application of pegylated interferon 〈-2a and ribavirin (RBV) 
provide a sustained virologic response (SVR) in 40-50% of all treated cases with HCV-
genotype 1 and in 80% with genotypes 2 or 3. In post-transplant setting, the success of 
antiviral therapy is significantly lower, and only a maximum of 30-40% of all patients 
achieve SVR [21, 39]. Some evidence exists that IFN/RBV-treatment may prevent graft 
cirrhosis even in unsuccessfully treated patients. Interestingly, fibrosis progression may 
occur in spite of successful IFN-based antiviral treatment [48]. Hence, this issue remains 
controversial. Moreover, immunologically active IFN may trigger rejection (5-6%) and 
induce chronic rejection processes during the antiviral treatment [12, 49]. 

3.6 Genetic diversity 

HCV-re-infection can trigger the excess synthesis and deposition of ECM usually by 
activation of cytokine release. Activated macrophages, lymphocytes, bile duct epithelia but 
also endothelia and myofibroblasts are sources of fibrogenic cytokines and growth factors 
that can stimulate hepatic stellate cells HSCs to produce ECM-molecules leading to fibrosis 
during chronic liver injury [50, 51]. Genetic polymorphisms of enzymatic systems, cytokines 
and growth factors which are involved in the process of immunomodulation, inflammation, 
ECM-turnover and anti-oxidative stress defense, may explain the widely different 
individual extent of HCV-induced graft damage [52-54]. Highly variable rates of functional 
impairment defined by inflammation, tissue remodeling but also antiviral capabilities and 
antiviral therapy response suggest the existence of endogenous risk compounds both in 
natural and post-transplant settings of the disease [33]. The maximal capacity to produce 
different levels of cytokines in response to noxious stimulation has been shown to be under 
genetic control and differs among liver graft recipients [32, 55]. Genetically different 
backgrounds in transplant population, consisting of donor and recipient, may differently 
contribute to disease development. Although the exact mechanism is not yet understood in 
detail both, donor and recipient genetics may interact. The expression of disease-related 
effectors may be individual, time and tissue dependant [56]. Therefore, the interaction 
between two different individual backgrounds may theoretically influence post-transplant 
processes in the graft and be therefore pathogenetically relevant [57]. 
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3.6.1 Genetic variants in donor 

The ability to produce different levels of cytokines in response to stimulation is suspected to 
be gene-associated [58]. Liver graft is usually colonized by recipient cell populations such as 
endothelia and lymphatic tissue thus theoretically forming a functional chimerism of donor 
and recipient regarding biochemical processes [56, 59]. Furthermore, the impact of genetic 
differences in donor and recipient may vary according to the duration of post-transplant 
follow-up [57]. Results of intensive investigations demonstrated that donor polymorphisms 
of IL-28B-gene may partially predict the outcome of antiviral treatment [60]. 

3.6.2 Genetic variants in recipient 

Genetic polymorphisms of enzymatic systems, cytokines and growth factors which are 
involved in the process of immunomodulation, inflammation, ECM-turnover and anti-
oxidative stress defense may explain the widely different individual extent of HCV-induced 
graft damage [61]. 

3.6.2.1 Transforming growth factor-β1 (TGF-β1) 

As a multifunctional polypeptide with fibrogenic, an anti-inflammatory and anti-
proliferative property, TGF-β1 is considered to play a pivotal role in the hepatic fibrogenesis 
strongly upregulating the production and deposition of ECM-components [10, 17, 62]. 
Similarly to the natural setting of HCV-infection, functionally relevant polymorphisms of 
TGF-β1 at codon 25 are associated with the rapid development of HCV-induced graft 
fibrosis. 
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Fig. 4. Genotype distribution (TGF-β1) within maximal fibrosis stages 

C-allele of the TGF-β1-gene (codon 25) has been identified as marker for graft fibrosis 
development and was observed significantly less frequently in advanced fibrosis stages 
compared to lower ones (fig. 4; p=0.001) [63]. 

3.6.2.2 Interleukine-28B (IL-28B) 

According to numerous studies, genetic variants of IL-28B seem to be significantly involved 
in the pathogenesis of HCV-related graft inflammation and antiviral therapy response [60, 



 
Liver Transplantation – Basic Issues 

 

214 

64, 65]. IL-28B-gene encodes an antiviral protein - IFN-λ with antiviral properties in 
response to IFN-α, and is upregulated by peripheral blood mononuclear cells and 
hepatocytes during HCV-infection [40, 66-68]. Recently, a significant association of IL-28B-
genotype distribution was observed with the median grade of inflammation (p<0.001), mean 
levels of aminotransferases (ALT: p=0.001, AST: p=0.003; fig.5), median pre-treatment 
viremia level within 1 year after LT (p=0.046) and interferon-based antiviral therapy failure 
(p<0.001). IL-28B polymorphism (rs8099917) seems to influence the degree of graft 
inflammation at biochemical and histological levels [64]. 

 
Fig. 5. Levels of aminotransferases according to IL-28B-genotypes 

Among successfully treated patients G-allele was significantly less frequent and GG-
genotype was not present at all [64]. G-allele might serve as a marker for graft inflammation 
and as predictor for unfavorable antiviral therapy outcome in HCV-re-infected LT-
population [60, 64]. 

The identification of non-invasive inflammation and fibrosis markers might help to 
differentiate re-infected patients with stable graft function without significant inflammation 
or fibrosis progression from patients at risk for short-term graft damage and define the 
indication for antiviral treatment. 

3.7 Organ allocation system 

Methodological changes in the principals of graft allocation may affect the course of HCV-
associated graft disease. Since December 2006 liver graft allocation has been carried out 
according to MELD-score, which primarily assesses the impairment of liver function and 
secondarily reflects the extent of kidney damage. Some evidence arises about the negative 
impact of the current allocation system regarding survival, rate of re-transplantation, 
fibrosis progression and success of antiviral treatment. Therefore, the MELD-score, as an 
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apparently reasonable attempt to improve the procedure of organ distribution, must 
undergo a critical analysis in future. 

4. Antiviral therapy 
The indication for HCV-treatment after LT depends on the individual clinical and biochemical 
condition after a definitive stabilization of the graft function, which is usually achieved 
within six post-operative months [69]. Analogously to the natural setting, therapy regimen 
is based on the administration of pegylated interferon-α2a (Peg-IFN-α2a) and ribavirin 
(RBV) for 12-18 months. Interferons are natural proteins with antiviral, antiproliferative and 
immunomodulatory features. They are responsible for the intracellular RNA-degradation 
and the inhibition of RNA-translation. Among all known interferons (IFN-α, IFN-β, Peg-
IFN-α2b), pegylated IFN-α2a seems to have the highest antiviral potency, though similar to 
Peg-IFN-α2b, demonstrating superior treatment results in patients with HCV-re-infection 
[19, 70-75]. Attenuation of renal clearance and improved biochemical stability may explain 
prolonged half-time and therapeutical advantages observed. Ribavirin inhibits 
inosinmonophosphate-dehydrogenase and reduces the intracellular concentration of 
guanosin. RBV-monotherapy may significantly decrease the HCV-load (1 log step). 

For a better comparability of results, the treatment outcome has been divided into widely 
accepted terms: end of treatment response (ETR: HCV-negativity at the end of treatment), 
sustained virologic response (SVR: HCV-RNA-negativity 6 months after therapy 
completion), relapse (detectable HCV-RNA after therapy completion), breakthrough 
(detectable HCV-RNA during treatment after initial therapy response) and non-response 
(persistent HCV-load under treatment). SVR before transplantation is observed in 50% of all 
treated cases with HCV-genotype-1 and in 80% with genotypes 2-3 [74]. As long as IFN-
α remains the backbone of antiviral therapy, the identification of predictors for the therapy 
outcome is crucial. 50% of graft recipients survive 10 years without any significant fibrosis 
progression and in some cases even without antiviral treatment (own data, Charité, Berlin, 
Berlin). Therefore, unnecessary exposition to adverse therapy events in non-responders 
could be avoided by improved predictability. HCV-genotype and early viral kinetics are 
predominantly considered to be important for therapy performance and its potential 
modification [69, 76]. Apart from the identified factors (high levels of immunosuppression, 
corticosteroid-based ACR-treatment and HCV-genotype-1b), unfavorable host- and donor-
related genetic confounders are suspected to exert a negative influence on the course and 
success of antiviral treatment [22, 69, 77]. According to several studies, genetic variants of 
IL-28B are strongly considered to affect the antiviral therapy results [64, 78, 79]. Along with 
other accepted predictive parameters, IL-28B-genotyping may be a useful diagnostic 
instrument for the indication and performance of antiviral therapy before and after LT [52, 
60, 78, 80]. 

4.1 Current treatment standards 

The aim of antiviral treatment implies the reduction or complete HCV-clearance as 
responsible noxious agent in the development of HCV-associated graft disease. In spite of 
low success rates, HCV-infection is treated by subcutaneous administration of 180μg of Peg-
IFN-α2a once a week and oral intake of RBV up to three times per day [22, 35, 81]. The 
cumulative duration of antiviral treatment comprises 12-18 months.  
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The major advantage of peg-interferon α2a and ribavirin-therapy consists in the summation 
of the antiviral potency. However, bone marrow toxicity, psychiatric disorders and rejection 
frequently limit therapy success. Due to high rates of predominantly hematological adverse 
events (anemia, leucopenia) and a significant risk of graft decompensation, antiviral 
treatment should be performed under a close patient monitoring. Myelotoxic effect of IFN 
results in the suppression of granulocytes and thrombocytes, whereas RBV induces anemia 
[77, 82]. Therapeutical support of hematological and mental disorders may frequently be 
necessary. Frequently observed anemia may result in the reduction of the RBV-dose or in 
the administration of erythropoietin. Leucopenia may require a dose reduction of IFN or 
administration of granulocyte stimulating growth factors. Mood disorders may be handled 
by antidepressants or social support. While performing a strenuous, expensive and 
frequently futile effort of virus elimination, 60-70% of transplants with HCV-graft hepatitis 
are treated without sustained virologic response [72]. 

4.2 Alternative strategies 

Demonstrating poor treatment results and serious adverse events of IFN-based therapy, 
reasonable alternative treatment options are needed to complement or to replace the 
standard therapeutical approach. Silibinin experiences its renaissance in the treatment of 
chronic liver diseases although it has been known for years as hepatoprotective herbal and 
used by patients suffering from chronic liver disease of various causes [83-85]. In contrast to 
unclear antiviral efficacy of oral silibinin treatment, according to the results of published 
studies, a significant antiviral effect could be observed after intravenous administration of 
silibinin [84, 86-90]. Next to three other flavonolignan isomers (isosilybin, sylidianin and 
silychristin) silibinin is the most pharmacologically active component of silybum marianum 
and has been shown to improve biochemical markers of liver function and symptoms in a 
range of conditions including acute and chronic viral hepatitis, alcoholic liver disease and 
drug-related liver injury [83, 91-94]. As a potent free radical scavenger, silibinin has been 
shown to reduce the initiation of pathogenetically important lipid peroxidation and to lower 
HCV-RNA-load [92, 95, 96]. The substance exerts a direct antiviral effect on the HCV-
replicon system inhibiting RNA-dependant HCV-polymerase. Furthermore, silibinin has 
been shown to affect the major actors in scar tissue formation suppressing TGF-β1-synthesis 
and HSC-activity [92, 97, 98]. 

The evidence of antiviral efficacy of silibinin in patients with HCV-related liver damage is 
limited due to a paucity of representative clinical trials, in spite of its popularity among 
patients suffering from various chronic liver diseases [92, 99]. Recent reports have 
demonstrated significant antiviral properties of intravenously administered silibinin in IFN-
non-responders in the natural setting of HCV-infection, convincingly suggesting a dose- and 
treatment duration-dependent antiviral effect [92]. Several observations based on 
unfortunately low sample size cohorts, demonstrated that intravenous administration of 
silibinin after LT may be an effective therapeutic approach in the treatment of HCV-re-
infection, even in non-responders to IFN-based therapy [99, 100]. Rapid normalization of 
aminotransferases and an exponential decline of HCV-load during silibinin treatment have 
been reported (fig. 6) [100]. Moreover, sustained viral elimination may apparently occur 
even after treatment with silibinin, only. Interestingly, in patients treated directly after LT, 
no significant antiviral effect could be observed, probably due to initially high levels of 
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immunosuppression (unpublished data, Charité, Berlin). Although no large scale studies 
have been carried out yet, silibinin might be an effective therapeutic approach in the 
treatment of HCV-re-infection and should be evaluated further. Any kind of antiviral 
supplementation to current therapy regimen should be welcome in the age of donor organ 
shortage to strengthen current antiviral therapy regimen and to avoid graft loss with 
subsequent re-transplantation. 
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Fig. 6. HCV-load during silibinin treatment after LT 

Randomized, placebo-controlled clinical trials with a representative number of graft 
recipients suffering from HCV-re-infection are needed to definitely answer the question of 
the efficacy of intravenous silybium marianum solution and its antiviral potential. As long 
as IFN-α remains the backbone of antiviral therapy, the identification of predictors for 
therapy outcome is crucial. Regarding potential therapy success, frequent severe adverse 
events of IFN-RBV-therapy are commonly accepted. An unnecessary exposition to adverse 
therapy events in non-responders could thus be avoided by an improved predictability. 

4.3 Re-transplantation 

Re-transplantation is frequently required (up to 10%) in patients with HCV-related graft 
cirrhosis as the only option of treatment [12, 15]. Significantly decreased survival rates after 
re-transplantation compared to first LT are in the center of scientific attention and long-term 
outcome has been reported to be inferior to other indications [3, 11, 39]. Physical condition, 
MELD-score, technical obstacles and antiviral therapy response are currently accepted as 
predictors for graft and patient survival after re-LT [39, 101]. 

5. Summary and future prospective 
As long as HCV-recurrence exists as currently inevitable phenomenon, HCV will continue 
to endanger the success of LT. While performing a strenuous, expensive and frequently 
futile effort of interferon-based virus elimination, 60-70% of graft recipients are still treated 
without achieving SVR, thus leaving overall poor results. The natural course of HCV-
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recurrence is not uniform and is influenced by a whole variety of factors. Therefore, the 
identification of non-invasive inflammation and fibrosis markers might help to differentiate 
re-infected patients with stable graft function without significant inflammation or fibrosis 
progression from patients at risk for short-term graft damage and define the indication for 
antiviral treatment. Moreover, it is indispensable to identify patients who are likely to 
respond to IFN-based antiviral treatment. The individual variability of disease development 
may be divided roughly into three different patient groups (A: no fibrosis progression, B: 
treatable progression and C: untreatable progression of graft dysfunction). The indication 
for antiviral therapy in group B seems to be more urgent in contrast to group A, which may 
stay stable for several years regarding their graft function, thus avoiding possibly 
unnecessary exposition to pharmaceutical side effects. Group-C- patients, as high risk 
patients may require treatment adjustment regarding its intensity, duration and mode 
including alternative therapeutical strategies. 

Although HCV-recurrence represents an inevitable post-transplant phenomenon, the 
development of advanced fibrosis stages is highly variable or even individual. Furthermore, 
the outcome of antiviral treatment seems to depend on multiple factors, too. In spite of 
recent advances in HCV-graft-hepatitis treatment, prediction of therapy response and risk 
stratification in graft fibrosis progression, a further extensive investigation is still required. 
Improvement in prevention, prediction of disease course, individualized antiviral treatment 
and alternative antiviral medication may help to increase survival rates after LT for an HCV-
associated graft disease. 
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1. Introduction 
1.1 Hepatitis C 

Sequels of chronic HCV infection such as end-stage liver cirrhosis and hepatocellular 
carcinoma (HCC) are the leading indications for liver transplantation (LT) in Europe and in 
the United States. According to the United Network for Organ Sharing (UNOS) database the 
proportion of transplants performed due to the decompensated cirrhosis secondary to 
hepatitis C infection slightly declined  in the last few years from 34% in 2002 to 29% in 2007, 
but at the same time the increased number of candidates for LT with HCC was noted 
[www.unos.org]. This trend will be observed until year 2030. Generally, one third of LTs 
worldwide is performed in HCV-positive patients. Given that recurrence of HCV infection is 
almost universal and the natural history of HCV hepatitis in allograft is more rapid than in 
the immunocompetent patient, liver failure secondary to recurrent HCV infection has a 
significant impact on post-transplant survival and will soon become the most common 
cause of  liver retransplantation. Organ shortage and increasing evidence of poorer outcome 
in retransplanted patients makes this procedure a controversial issue, not accepted  in many 
centers. Therefore efforts of transplant physicians to manage recurrent HCV infection in 
order to optimize outcomes and to slow down the progression of HCV-related liver disease 
are the greatest challenge. Most widely explored areas of interest include timing and 
schedule of antiviral treatment, immunosuppression regimens and matching in donor and 
recipient-related factors influencing outcomes.  

1.2 Natural history of HCV recurrence 

Natural history of HCV infection in the immunocompetent host since the acute HCV 
infection until the end-stage liver cirrhosis and eventually hepatocellular carcinoma covers 
approximately 30 years of progressive fibrosis developing in liver parenchyma (Hu & Tong, 
1999). After liver transplantation the chronic HCV disease, albeit not fully understood and 
highly variable in different recipients, seems to be far more aggressive and significantly 
impacts the overall poorer post-LT survival in comparison with HCV-negative patients. 
Liver transplantation performed in viremic recipients results in rapid allograft reinfection  in 
nearly 100% of cases. In the anhepatic phase HCV viremia dramatically declines to the very 
low or even undetectable levels, but within a few days after transplantation increases to the 
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load 10 to 20-fold higher than pretransplant ones. That gives too narrow window of 
opportunity for any potential intervention such as passive immunization or preemptive 
antiviral treatment to make it effective. The higher the pretransplant viral load the bigger 
the chance for faster and more severe HCV reinfection. Immunosuppressive treatment is 
responsible for the weaker immune control of HCV infection and a distinct natural history 
in post-transplant setting. Typically viremia peaks 1–3 months after LT, clinically apparent 
acute hepatitis develops after a median time of 4 to 6 months in more than 60% of patients 
and almost 100% of recipients show histological evidence of chronic C hepatitis between 1 to 
4 years after LT (Gane et al., 1996). Protocol liver biopsies performed every year after LT 
show progression of fibrosis in the reinfected liver rating from 0.3 to 0.6 points per year 
(Pelletier et al., 2000) whereas in the immunocompetent hosts it scores 0.1 to 0.2 points per 
year (Poynard et al., 1997). According to the accessible database the mean time between 
acute HCV reinfection and the decompensation of liver disease, presented as variceal 
bleeding, refractory ascites or  encephalopathy, is approximately 9.5 years (Berenguer et al., 
2000). Once decompensation of liver function is established, one year survival probability 
decreases dramatically below 50% and 3-year survival does not exceed 10% of recipients 
(Berenguer et al, 2000; Roche & Samuel, 2007). This is significantly inferior than survival in 
the immunocompetent patients. It is estimated that 20 to 30% of HCV-positive recipients 
will progress to the liver cirrhosis within five years after LT. A small proportion of patients 
(appr. 3%) will present with a particularly severe form of HCV recurrence known as 
fibrosing cholestatic hepatitis with a fatal outcome (or retransplantation) in the first year 
post-LT (Gane, 2008). According to the UNOS database 3-year survival after LT in HCV-
positive recipients is inferior to the survival rate in the other etiologies (78% vs. 82%) and 5-
year survival is also lower (56.7% vs. 65.6%, p<0.05) (Forman et al., 2002). All the above 
mentioned data explain why liver disease secondary to HCV infection is currently one of the 
worst and most challenging indications for LT. 

1.3 Factors influencing severity of recurrent HCV infection 

To date a number of factors has been described as having potential influence on the natural 
history of post-transplant recurrent C hepatitis. This debate has a practical aspect since a few 
of them are modifiable by the transplant team, for example optimization of 
immunosuppression therapy, anti-HCV therapy prior to LT, aggressive and efficient 
treatment of post-transplant diabetes or the appropriate donor selection. These factors are 
routinely divided into four groups: donor, recipient, virus and transplant procedure related 
(Table 1).  

In the era of organ shortage careful donor-recipient matching is not always possible and 
poses some controversy, but there is a growing evidence that donor related variables such as 
younger age (< 40 years), male sex and lack or minimal steatosis in the liver (in < 30% of 
hepatocytes) are associated with a significantly better survival and slower progression of 
chronic C hepatitis (Aytaman et al., 2010). Factors related to the transplant procedure with a 
potential influence on hepatitis C progression include prolonged cold ischemia time, 
treatment of acute rejection episodes within the first months of LT, acute CMV infection 
post-LT, type of immunosuppressive regimen and type of liver transplantation (deceased-
donor vs. living-donor LT). Initially, there was some concern that HCV recurrence was more 
severe with live donor transplant, but a growing experience did not confirm these findings 
(Gallegos-Orozco et al., 2009). 
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Donor  factors • older age (> 40 years) 
• female sex (?) 
• hepatocyte steatosis > 30% 
• donation after cardiac death 
• living donation (?) 

Recipient factors • female sex 
• concomitant HIV infection 
• diabetes mellitus pre- and post-LT 
• African American race 
• higher BMI (?) 

Virus-related factors • higher pre-LT viral load 
• HCV genotype (?) 
• number of quasispecies 

Transplant  
procedure-related 
factors 

• prolonged cold ischemia time 
• type of CNI (?) 
• immunosuppressive protocol without AZA and steroids (?) 
• treatment of ACR 
• acute CMV infection 

Table 1. Predictors of severe HCV recurrence. BMI- body mass index, CNI – calcineurin 
inhibitor, ACR – acute cellular rejection, LT – liver transplantation, AZA – azathioprine, 
CMV - cytomegalovirus 

Among the baseline viral characteristics some relationship was noted between genotype 1 of 
the virus and the patient and graft survival, but the predominance of genotype 1 among 
transplanted patients can be explained by the worse antiviral treatment results before and 
after transplantation in comparison with other genotypes, therefore negative impact of 
genotype 1 on the severity of HCV recurrence was not clearly determined. It was already 
mentioned that high pretransplant viremia, but also persistence of the same HCV variants 
are responsible for more severe picture of acute HCV reinfection and more progressive 
course of chronic HCV disease (Berenguer, 2003).  

The hottest debate concerns influence of immunosuppressive drugs on the evolution of 
HCV infection, two issues being discussed the most: how to optimally handle 
corticosteroids and which calcineurin inhibitor has an advantage in HCV-positive recipients. 
Some transplant centers favor corticosteroid-sparing regimens whereas in the others low-
dose steroid maintenance is preferred over steroids avoidance or early withdrawal. The 
clear benefit of one of these approaches was not concluded. The most notable influence of 
corticosteroids on HCV infection is seen in the case of acute cellular rejection (ACR) 
treatment. It was proved that pulses of methylprednisolone commonly used for such 
treatment are associated with a transient increase in HCV-RNA concentration of 4- to 100-
fold (Gane et al., 1996). While episodes of ACR treated with steroid pulses are associated 
with decreased mortality in HCV-negative patients, in the group of  HCV infected recipients 
the relative risk of mortality or graft loss increases almost three times (p=0.04) and is even 
higher when ACR is steroid refractory. Therefore, in HCV-positive recipients empiric 
treatment of presumed rejection episodes without histological confirmation should be 
avoided to avert unnecessary exposure to corticosteroids. In contrast with convincing 
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association of steroid pulses with increased severity of HCV recurrence, detrimental effect of 
low-dose steroids versus no steroids is less obvious and requires further observations. 
According to the study of Manousou P. et al., lack of steroids in the immunosuppressive 
protocol was an independent factor affecting fibrosis (Manousou et al., 2009). Some authors 
suggest that a low maintenance dose of prednisone (usually 5mg daily) has no deleterious 
effect on HCV infection, but instead, is associated with better LT outcome, while early 
withdrawal of steroids (3 months beyond LT) can be detrimental and should be avoided. 
Some other researchers favor complete avoidance of steroids in HCV infected recipients 
undergoing LT. Maintenance of a low-dose and no steroids options are currently best 
supported.  

Another hot topic is a choice of calcineurin inhibitor (CNI) in HCV-positive recipients. This 
discussion was initiated by the clinical observation that results of LT for cirrhosis type C in 
the last two decades of twentieth century did not differ from results of LTs performed for 
other etiologies, whereas nowadays they are clearly inferior in patients with HCV infection 
(Forman et al., 2002; Berenguer, 2005). One of the possible explanations was introduction of 
more potent immunosuppressive drugs such as tacrolimus or mycophenolate mofetil which 
practically replaced cyclosporine and azathioprine in the immunosuppression protocols 
used for liver transplant patients. The role of cyclosporine in the post-transplant recurrent C 
hepatitis is a subject of controversy. This drug is known as having an inhibiting effect on 
HCV replication in vitro (Watashi et al., 2003). It was also used in combination with 
interferon alpha-2b to treat chronic HCV infection and proved to be significantly more 
effective than interferon monotherapy (Inoue et al., 2003). For anti-HCV effect some authors 
combined cyclosporine A with interferon to treat established HCV-related graft disease 
(Inoue & Yoshiba, 2005). Conflicting results regarding effects of CNI on HCV recurrence 
may be explained by the previous study design (mostly retrospective), small groups of 
patients, the lack of histological examinations, variety of confounding factors and multitude 
of immunosuppressive protocols. However, in the prospective randomized trial and in 
metaanalysis that were aimed to compare influence of tacrolimus and cyclosporine on HCV 
recurrence, no difference in the outcome was demonstrated (Berenguer et al., 2006a; 
Berenguer, 2007). It was concluded that the course of recurrent HCV hepatitis is not related 
to the CNI used after LT. Similar observation was made in HCV-positive patients with the 
end-stage renal disease subjected for kidney transplantation (Kahraman et al., 2011). The 
only difference noted by Berenguer et al. was the shorter time between LT and recurrent 
acute C hepatitis in tacrolimus treated patients (59 days vs. 92 days, p=0.02). On the other 
hand, introduction of tacrolimus improved results of LT (Cholongitas et al., 2011). Used in 
HCV-negative liver recipients, TAC is associated with fewer rejection episodes and 
significantly better survival. It cannot be ruled out that this effect is counterbalanced by anti-
HCV effect of cyclosporine in HCV-infected recipients, therefore none of CNIs is favored in 
this specific group of patients.  

Another type of immunosuppressive drugs that exert a specific antiviral effect on 
Flaviviridae is a group of antimetabolites such as azathioprine (AZA) and mycophenolate 
mofetil (MMF). As immunosuppressants they arrest T-cell proliferation by inhibiting inosine 
monophosphate dehydrogenase and by the same mechanism exert an anti-HCV effect (like 
ribavirin). AZA is one of the oldest immunosuppressive drugs, commonly used in 
combination with cyclosporine and steroids, but it was substituted a decade ago by more 



 
Liver Transplantation – Basic Issues 

 

228 

association of steroid pulses with increased severity of HCV recurrence, detrimental effect of 
low-dose steroids versus no steroids is less obvious and requires further observations. 
According to the study of Manousou P. et al., lack of steroids in the immunosuppressive 
protocol was an independent factor affecting fibrosis (Manousou et al., 2009). Some authors 
suggest that a low maintenance dose of prednisone (usually 5mg daily) has no deleterious 
effect on HCV infection, but instead, is associated with better LT outcome, while early 
withdrawal of steroids (3 months beyond LT) can be detrimental and should be avoided. 
Some other researchers favor complete avoidance of steroids in HCV infected recipients 
undergoing LT. Maintenance of a low-dose and no steroids options are currently best 
supported.  

Another hot topic is a choice of calcineurin inhibitor (CNI) in HCV-positive recipients. This 
discussion was initiated by the clinical observation that results of LT for cirrhosis type C in 
the last two decades of twentieth century did not differ from results of LTs performed for 
other etiologies, whereas nowadays they are clearly inferior in patients with HCV infection 
(Forman et al., 2002; Berenguer, 2005). One of the possible explanations was introduction of 
more potent immunosuppressive drugs such as tacrolimus or mycophenolate mofetil which 
practically replaced cyclosporine and azathioprine in the immunosuppression protocols 
used for liver transplant patients. The role of cyclosporine in the post-transplant recurrent C 
hepatitis is a subject of controversy. This drug is known as having an inhibiting effect on 
HCV replication in vitro (Watashi et al., 2003). It was also used in combination with 
interferon alpha-2b to treat chronic HCV infection and proved to be significantly more 
effective than interferon monotherapy (Inoue et al., 2003). For anti-HCV effect some authors 
combined cyclosporine A with interferon to treat established HCV-related graft disease 
(Inoue & Yoshiba, 2005). Conflicting results regarding effects of CNI on HCV recurrence 
may be explained by the previous study design (mostly retrospective), small groups of 
patients, the lack of histological examinations, variety of confounding factors and multitude 
of immunosuppressive protocols. However, in the prospective randomized trial and in 
metaanalysis that were aimed to compare influence of tacrolimus and cyclosporine on HCV 
recurrence, no difference in the outcome was demonstrated (Berenguer et al., 2006a; 
Berenguer, 2007). It was concluded that the course of recurrent HCV hepatitis is not related 
to the CNI used after LT. Similar observation was made in HCV-positive patients with the 
end-stage renal disease subjected for kidney transplantation (Kahraman et al., 2011). The 
only difference noted by Berenguer et al. was the shorter time between LT and recurrent 
acute C hepatitis in tacrolimus treated patients (59 days vs. 92 days, p=0.02). On the other 
hand, introduction of tacrolimus improved results of LT (Cholongitas et al., 2011). Used in 
HCV-negative liver recipients, TAC is associated with fewer rejection episodes and 
significantly better survival. It cannot be ruled out that this effect is counterbalanced by anti-
HCV effect of cyclosporine in HCV-infected recipients, therefore none of CNIs is favored in 
this specific group of patients.  

Another type of immunosuppressive drugs that exert a specific antiviral effect on 
Flaviviridae is a group of antimetabolites such as azathioprine (AZA) and mycophenolate 
mofetil (MMF). As immunosuppressants they arrest T-cell proliferation by inhibiting inosine 
monophosphate dehydrogenase and by the same mechanism exert an anti-HCV effect (like 
ribavirin). AZA is one of the oldest immunosuppressive drugs, commonly used in 
combination with cyclosporine and steroids, but it was substituted a decade ago by more 

 
Management of Recurrent HCV and HBV Infections after Liver Transplantation 

 

229 

potent MMF. However, the role of MMF in HCV-infected liver recipients is controversial. 
Addition of an effective immunosuppressive drug with antiviral properties to the 
immunosuppression protocol seemed very attractive. Some authors demonstrated that 
MMF not only improved allograft function but was also associated with reduction of HCV 
viral load and delayed histological recurrence. In a study of Fasola et al., it was shown that 
high doses of MMF efficiently reduced HCV-RNA concentration and liver fibrosis one year 
post-transplant, but after 2 years the extent of fibrosis did not differ along all studied groups 
(Fasola et al., 2002). Other groups demonstrated no superiority of MMF over AZA in 
decreasing HCV viremia, histological slow down and better survival. Moreover, it was 
reported that AZA decreased replication of flaviviruses 10 times more effectively than MMF 
and was as potent as ribavirin in HCV inhibition in a replicon model (Stangl et al., 2004). 
Lately, use of AZA in liver transplant recipient, chronically infected with HCV, was 
reevaluated. It was concluded that MMF shows little, if any, clinical benefit in LT versus 
AZA and that HCV recurrence was less severe in patients treated with AZA in contrast to 
MMF (Germani et al., 2009). Further randomized controlled trials are warranted to solve this 
issue.  

mTOR inhibitors such as sirolimus and everolimus are not licensed in liver transplantation. 
Sirolimus, however, due to its antifibrotic, antiproliferative and renal sparing properties has 
been recently used by some transplant teams with encouraging results (Harper et al., 2011). 
Different mode of action by inhibiting proangiogenic factors (i.e. VEGF, vascular endothelial 
growth factor) is associated with a decreased risk of cancer recurrence or de novo 
development. The main indications for sirolimus in liver recipients are CNI nephrotoxicity, 
hepatocellular carcinoma (as an indication for LT, de novo or recurrent) and fibrosis related 
to chronic HCV infection. Some authors suggest conversion from CNI to sirolimus-based 
immune suppression in case of fibrosis progression > 2. Further trials are necessary to 
confirm the beneficial role of sirolimus in this indication.  

In conclusion, the best immunosuppressive regimen for recurrent C hepatitis is not known. 
Despite some reports on beneficial effect of cyclosporine in this setting, the type of CNI does 
not seem to matter (Berenguer, 2011), and tacrolimus remains the major 
immunosuppressant in the protocol. Temporary conversion to CsA is suggested during 
antiviral treatment to combine cyclosporine with interferon and ribavirin. As soon as 
fibrosis progresses to the moderate–severe stages, switching to sirolimus-based suppression 
can be considered, but currently this is an off-label approach. A role of MMF in the HCV 
recurrence is unclear. As grafted liver usually does not require very potent 
immunosuppression, replacement of MMF by AZA is feasible and recommended. As far as 
steroids are considered, steroid-free protocols or low-dose maintenance steroids seem to be 
the best option. 

1.4 Treatment of recurrent HCV infection 

Because many of the above mentioned strategies aiming to slow down progression of post-
transplant HCV disease fail, the best option is to introduce anti-HCV treatment in order to 
attempt eradication of the virus prior to LT or after surgery to prevent recurrence or liver 
damage. Three approaches are possible: pre-transplant anti-viral therapy, early post-LT 
treatment (preemptive or in the acute phase) and treatment of the established disease. Each 
strategy has its pros and cons (Table 2), but the overall outcomes are rather disappointing. 
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There are several reasons for worse results in transplant patients in comparison with the 
non-transplant setting: history of unsuccessful antiviral treatment pre-LT, predominance of 
genotype 1 patients, significant increase in viral load following transplantation, concomitant 
immunosuppressive treatment, frequent dose reductions due to numerous side effects, 
mostly cytopenias and infections, frequent peritransplant renal impairment, limiting 
ribavirin dosing, and ocassionally poor general status of the patient. 

Firm conclusions on the role of interferon and ribavirin in the transplant setting are hard to 
be driven from clinical studies due to many methodological limitations such as a small 
number of patients, mostly retrospective character of the trials, lack of randomization and 
control, differences in immunosuppressive protocols, variability in patient selection, 
different doses, schedules and types of anti-viral therapy, different study end-points and 
scarce number of control liver biopsies. Nevertheless, in a limited and carefully selected 
number of patients anti-viral treatment can be strongly considered and is currently 
recommended (Wiesner et al., 2003). 

Timing of treatment Advantage Disadvantage 
Pre-transplant • Elimination of  HCV 

recurrence 
• Stopping of  disease 

progression 
• Stabilization of the 

general clinical status of 
the recipient 

• Poor tolerance 
• Risk of life-threatening 

decompensation 
• Very low SVR rate 

Preemptive • Treatment at the low HCV 
RNA level 

• Minimal or no disease in 
liver biopsy 

• Very low SVR rate 
• Poor tolerance 
• Higher risk of ACR and 

infection 
• Maximal 

immunosuppression 
Established 
recurrent HCV 
disease 

• Stable clinical status of the 
recipient 

• Lower doses of 
immunosuppression 

• Lower risk of ACR 

• More advanced disease in 
liver biopsy 

• High viral load 
• Low SVR rate  

Table 2. Advantages and disadvantages of anti-HCV treatment in the transplant setting 

1.4.1 Pre-transplant antiviral therapy 

Treating patients on the waiting list is an attractive option, because there is a body of 
evidence that viral clearance at the time of transplantation can minimize the risk of recurrent 
HCV infection post-LT and improve outcomes. However, only few candidates are suitable 
for the treatment. In a vast majority signs and symptoms of liver decompensation (jaundice, 
variceal bleeding, encephalopathy, tense ascites) and cytopenias (platelet count below 
50 000/µL, absolute neutrophil count < 1500/µL) are the most common exclusion criteria. 
Those who are eligible, constitute a difficult-to-treat group of patients usually requiring 
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Timing of treatment Advantage Disadvantage 
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recurrence 
• Stopping of  disease 

progression 
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• Risk of life-threatening 

decompensation 
• Very low SVR rate 

Preemptive • Treatment at the low HCV 
RNA level 
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infection 
• Maximal 
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Established 
recurrent HCV 
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Those who are eligible, constitute a difficult-to-treat group of patients usually requiring 
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frequent administration of hematopoietic growth factors or decompensating on the 
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treatment.  
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interferon which is no more used as a standard of care (SOC). Encouraging results have 
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recurrence after LT in most cases), but other trials were far less enthusiastic (Forns et al., 
2003; Martinez-Bauer et al., 2006). In a low maintenance dose regimen 1 MU of standard 
interferon and 400 mg of ribavirin daily have been used; in  LADR interferon was given 3 
times a week with a starting dose of 1 MU and ribavirin was administered daily with a 
starting dose of 200mg, both drugs being subsequently increased fortnightly to a standard 
dose  of 3 x 3 MU of IFN weekly and 800 mg of RBV daily.  

Although combination therapy with pegylated interferons (peg-IFN) and ribavirin has 
limited efficacy in patients with advanced fibrosis and cirrhosis, especially if 
decompensated, results with peg-IFN can be better in comparison with the standard 
formula. Based on the current literature patients with compensated cirrhosis receive SOC 
therapy with peg-IFN α in a routine dose of 1.5µg/kg weekly with RBV in a routine dose of 
1000-1200 mg daily for genotype 1 and 4, and in a dose of 800-1000 mg for another 
genotypes. In decompensated cirrhosis patients are more likely to develop various side 
effects and they cannot tolerate SOC easily. The suggested dose in this setting appears to be 
1µg/kg/week of peg-IFN and 10.6 mg/kg/daily of RBV. In case of  cytopenias, dose 
reductions are recommended in the first instance. If this strategy fails, hematopoetic growth 
factors can be used.  For neutropenia G-CSF may be considered in a starting dose of 480 µg 
weekly, then adjusted according to the response rate to a maximum dose of 480 µg 3 times a 
week. Once adequate neutrophil count is attained, IFN dose can be increased to the 
optimum level. EPO may be considered if hemoglobin falls below 8 g/dL or by 4 g/dL. The 
starting dose is 20.000 IU weekly to a maximum dose of 60.000 IU weekly or, according to 
another study suggesting lower dosing, 4.000 IU thrice weekly with increase upon the 
response. 

Although decompensated cirrhosis is no more an absolute contraindication to antiviral 
treatment, it must be used with caution. A chance to achieve sustained viral response (SVR) 
is rather low and patients experience numerous side effects, including life-threatening 
complications such as sepsis and liver function deterioration. Patients must be closely 
monitored and treated in experienced transplant centers. Treatment indications should be 
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individualized and very sick patients should be ruled out. Still the ideal candidate for pre-
LT treatment is a patient in Child-Pugh class A to B, or MELD below 18 points listed 
because of HCC or history of variceal bleeding.  Hopefully, novel therapies with 
combination of direct antiviral agents (DAA) such as protease or polymerase inhibitors will 
be more beneficial in decompensated HCV-related cirrhosis. 

1.4.2 Early post-transplant antiviral treatment 

1.4.2.1 Pros and cons of preemptive therapy 

Similarly to the idea of treating decompensated cirrhosis, early post-LT anti-HCV  treatment 
has a theoretical rationale. It is well documented that the lower the HCV viremia, the more 
effective the antiviral therapy. Also treatment of acute hepatitis C gives extremely favorable 
results with almost 90% chance for viral clearance. However, transition of experience from 
immunocompetent patients onto the post-transplant setting is not possible due to several 
reasons. Indeed, HCV-RNA level rapidly decreases after reperfusion, but within one-two 
weeks reaches pretransplant load and tends to increase by 1 to 2 logs thereafter. Hence, time 
for antiviral intervention, optimal at the lowest viremia, is very narrow and falls to the 
moment of greatest clinical instability of the recipient (renal impairment, risk of rejection, 
risk of bacterial infection related to the surgical procedure, deep cytopenias, etc.). During 
early post-LT period patients are under the strongest immunosuppression and cannot 
spontaneously clear the virus as it happens in a significant proportion of immunocompetent 
patients with  the acute C hepatitis. Moreover, immunological responses to HCV that were 
unable to clear the virus in the past, remain the same. These factors make early post-
transplant anti-viral treatment a mission almost impossible. No more  than two third of liver 
recipients are eligible for early treatment, but even if they start therapy, dose reductions as 
well as rate of discontinuation are very high (Sheiner et al., 1998; Verna & Brown, 2008).  

1.4.2.2 Treatment regimes  

Experience with interferon monotherapy, either standard or pegylated, is scarce and 
disappointing.  Patients were started on therapy at a mean time of 2–3 weeks post LT. 
Results obtained with standard interferon did not show any SVR cases (Sheiner et al., 1998; 
Singh et al.,1998). According to Singh et al. prophylactic treatment with IFN did not have 
any influence on the severity of recurrent C hepatitis, whereas in the study of Sheiner et al. 
treated patients less frequently developed recurrent hepatitis on liver biopsy or had 
abnormal liver tests. In both studies discontinuation rate was high and IFN did not 
influence patient and graft survival.  There was the only one well designed trial published to 
date with peg-IFN alone given prophylactically. According to Chalasani et al., SVR was a 
rare event (8% of treated patients vs. no treatment), but discontinuation from the study, 
rejection episodes, adverse events and life threatening complications were similar in both 
groups. One third of treated patients were withdrawn from the study (Chalasani et al., 
2005).  

Slightly better results were obtained using combined non-pegylated or pegylated IFN with 
ribavirin. In a study of Mazzaferro et al., SVR was achieved in 33.3% of patients treated with 
IFN and RBV in comparison with 13% of SVR in patients on IFN alone (Mazzaferro et al., 
2003). Interestingly, those who cleared the virus, did not show recurrent hepatitis C. Less 
encouraging effects were shown by Terrault. Only 11% obtained SVR and there was no  
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difference in the frequency of recurrent hepatitis between responders and non-responders 
(Terrault, 2003). In the latter trial therapy was initiated a bit later – within 6 weeks post LT – 
and almost 50% of recipients did not meet inclusion criteria. Only minority (23%) received a 
full-dose RBV, haemolytic anemia being the main reason for significant dose reduction or 
discontinuation, what may explain worse results. Experience with pegylated IFN in 
combination with RBV in preemptive anti-HCV treatment is very limited and further 
studies are necessary to draw conclusions.  

Given that early post-LT antiviral treatment in not efficacious and requires further studying, 
the expert panel consensus conference recommends that it should be limited to rapidly 
progressing recurrent C hepatitis and de novo acute C hepatitis in recipients who received 
grafts from HCV-positive donors (Wiesner et al., 2003). 

 1.4.2.3 Immunoprophylaxis 

Another strategy that theoretically could be implemented in the early post-transplant period 
is immune globulin prophylaxis to prevent HCV recurrence similarly to highly successful 
use of hyperimmune anti-HBV globulin (HBIG). Farci et al., demonstrated the existence of 
neutralizing anti-HCV antibodies, at least in the animal model (Farci et al., 1996), and 
Krawczynski K. showed that hyperactive anti-HCV globulin can delay hepatitis C onset in 
chimpanzees (Krawczynski, 1999). It was also shown that HBIG used in liver recipients 
before 1990, hence before HCV discovery, also reduced graft reinfection with HCV and 
recurrent C hepatitis in patients coinfected with HBV and HCV (Feray et al., 1998). These 
results suggested that at that time HBIG possibly contained antibodies with the anti-HCV 
properties. Unfortunately, clinical trials with high doses of human hepatitis C antibody 
enriched immune globulin product (Civacir) failed to prove any beneficial effects in HCV-
positive recipients in terms of HCV suppression (Davis et al., 2005) and this strategy has 
been abandoned. There are several reasons for failure including unclear neutralizing 
properties of HCV antibodies, high genetic variability of HCV allowing easy escape from 
immune control and lack of small animal models to test various antibody preparations. 

1.4.3 Treatment of established recurrent HCV hepatitis 

Treating significant HCV recurrence that has been confirmed in liver biopsy is currently the 
best option to manage post-LT HCV infection. With the exception of fibrosing cholestatic 
hepatitis (FCH) antiviral treatment should be initiated after the first year of transplantation. 
Decrease in the doses of immunosuppressive drugs result in the lower HCV-RNA levels and 
better tolerance. Patients become clinically stable and have fewer contraindications for IFN 
and RBV. This strategy requires ease in performing protocol or clinically driven liver 
biopsies with repeated frequency, or implementation of reliable non-invasive methods to 
detect liver fibrosis. Current policy is to treat well established HCV recurrence defined by 
grade 3 or 4 of inflammation or by at least grade 2 of fibrosis. In such way patients with mild 
and non-progressing disease avoid unnecessary treatment, related drug toxicities and 
possible serious complications. Despite these issues, study results show that the efficacy of 
anti-HCV therapy in transplant setting is poor and SVR can be achieved in around 20% of 
treated patients (Samuel et al., 2003). In randomized controlled trials and in trials with 
pegylated interferon SVR seems to be higher and reaches rates of 38-50% (Berenguer et al. 
2006b). The target dose of peg-IFN is 1.5 µg/kg/week for α-2b and 180µg/week for α-2a in 
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combination with ribavirin in a standard dose of 800–1200 mg/kg daily (or at least 
10.6mg/kg/day). Duration of treatment is 48 weeks, but in previous relapsers or non-
responders can be extended to 72 weeks or longer provided that there is an early viral 
response (EVR) at the end of the third month. Only a small proportion of patients are able to 
continue therapy without initial dose reductions and/or discontinuation mostly due to 
severe anemia or another cytopenia. The best predictors of SVR are non-1 genotype, 
achievement of viral clearance after 3 months of therapy, good compliance (>80% of IFN 
and >80% of RBV received) and less advanced fibrosis. EVR seems to have the strongest 
impact on treatment outcome. The most important concern regarding antiviral treatment in 
transplant setting is an increased risk of either acute or chronic rejection. Treatment of ACR 
episode requires otherwise unwanted high doses of steroids, and chronic rejection may lead 
to retransplantation. Recent studies suggest that ACR develops due to decreasing levels of 
immunosuppressive drugs after viral clearance and subsequent  improvement of hepatic 
microsomal function. Reported rejection rates vary in respect to the study design, being 
lower in randomized controlled trials (0-5%) [Chalasani et al., 2005; Samuel et al., 2003) and 
as high as 35% in uncontrolled trials (Dumortier et al., 2004; Sharma et al., 2007; Stravitz et 
al., 2004). Berenguer M et al. reported trend towards higher rejection rate on pegylated IFN 
in comparison with standard treatment (Berenguer et al., 2006b). Also de novo autoimmune 
hepatitis due to immunomodulatory properties of IFN and RBV may develop in 0.4 to 3.4 % 
of treated patients (Selzner et al., 2011). 

1.5 Retransplantation in HCV recurrence 

It is estimated that approximately 10% of HCV-positive transplant patients will require 
retransplantation (reLT) due to graft decompensation (Carrion et al., 2010). Similarly to the 
indications for the primary LT, hepatitis C may soon become the major indication for reLT. 
Many patients will not be able to survive until reLT is feasible as the mortality on the 
waiting list varies between 50 and 80%, and many transplant centers hesitate to retransplant 
patients with recurrent HCV disease due to inferior results of reLT in comparison with non-
HCV candidates (Pelletier et al., 2005). However, there is no firm evidence that the 
unfavorable scenario after primary LT is going to repeat after reLT in every HCV-positive 
recipient. Moreover, other recent studies do not identify HCV recurrence as a predictor of 
increased mortality in comparison with other etiologies with the exception of reLT 
performed during the first year after primary LT (Ghobrial et al., 2002). Based on 
multivariate analysis it was shown that early reLT performed in HCV-positive patients is an 
independent predictor of morality after reLT, indicating that severe hepatitis C recurrence 
(such as  FCH or another reason for early graft dysfunction) should be a contraindication for 
retransplantation (Ghabril et al., 2008). Multiple prognostic scores were implemented to 
facilitate decisions which reLT would be unreasonable due to compromised graft and 
patient survival. Many of them are routinely used for urgent LT, and therefore are not 
appropriate for candidates with recurrent HCV disease who need an elective 
retransplantation. Prognostic criteria, traditionally used in patients with cirrhosis, such as 
MELD and Child-Pugh scores, turned out to be more accurate in the exclusion of high risk 
candidates. The ILTS expert panel concluded that bilirubin > 10mg/dL, creatinine > 2mg/dl 
(or EGFR < 40 ml/min), recipient age > 60 years, donor age > 40 years and early HCV-
related cirrhosis (< 1 year post-LT) were the variables significantly associated with poorer 
outcome and with increased mortality (Wiesner et al., 2003). Lately, a MELD score >28 was 
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added to that list (Zimmerman & Ghobrial, 2005). With use of these prognostic 
measurements as screening tools survival in HCV-infected patients after reLT reached 
similar rates as survival in non-HCV patients.  

2. Hepatitis B 
Liver transplantation for hepatitis B is a true success story. In the early 1990s HBV 
infection was a relative contraindication for LT as the risk of recurrence was greater than 
80% (depending on pre-transplant viral load) and the mortality rate was approximately 
50% at 2 years. That was comparable with results of LT in malignancies (O’Grady et al., 
1992). Introduction of effective immunoprophylaxis and very potent oral antivirals 
revolutionized this area in the last two decades and made HBV the best etiology for LT in 
terms of patient and graft survival (Lake et al., 2005). The number of LTs performed for 
this indication steadily declines in the Western countries due to effective vaccination 
program and good results of anti-HBV treatment, but in Asia  the majority of patients 
undergoing LT still has HBV related end-stage liver disease or fulminant hepatitis. 
Overall, 5 to 10% of LTs worldwide are performed in HBsAg-positive patients (Terrault et 
al., 2005). By dint of long-term use of hepatitis B immune globulin (HBIG) combined with 
highly effective and well-tolerated nucleoside/nucleotide analogues (NUCs) HBV 
reinfection rate decreased below 10% (Angus et al., 2000; Marzano et al., 2001). Together 
with these favorable results there are, however, some concerns. According to current 
understanding of HBV pathogenesis complete withdrawal of reinfection prophylaxis is 
not feasible. Life-long prophylaxis makes LT for hepatitis B a very expensive procedure. 
Economical pressure stimulates studies on various alternatives which are cheaper and 
more convenient for the patient. Moreover, long-term use of HBIG is associated with 
some side-effects and the development of escape mutants in HBsAg region. Indefinite use 
of NUCs plus surface antigen mutations during long-term HBIG administration pose a 
great risk of multidrug resistance. Novel strategies need to be developed to optimize 
outcomes in this setting. 

2.1 Pre-transplant HBV management  

There are a few therapeutic options in chronic hepatitis B including indirectly acting 
interferons and directly acting anti-HBV molecules such as nucleotide/nucleoside 
analogues.  Interferons were the first drugs used for this indication, but limited efficacy and 
poor tolerability in cirrhotic patients hampered successful management of HBV-related liver 
decompensation and preparation for LT for many years. Chronic HBV infection in the 
replicative phase was considered by many transplant teams a contraindication for 
transplantation because of a great risk of recurrence under immunosuppression. A turning 
point was discovery of the first potent viral polymerase inhibitor that allowed effective HBV 
suppression and clinical improvement, and in consequence permitted LT. Without LT 
survival in HBV-related decompensated cirrhosis is very poor and does not exceed 14% at 5 
years (Zoulim et al., 2008). Independent factors associated with survival are hepatitis B e 
antigen (HBeAg) positivity, bilirubin level, age, transaminase activity, presence of 
oesophageal varices and Child-Pugh score (Zoulim et al. 2008). In another study in addition 
to age, bilirubin and HBeAg status, platelet count, albumin level and splenomegaly were 
found to be significantly related to survival. In patients with signs and symptoms of 
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decompensation (jaundice, increased bilirubin, low albumin level, low platelet count, 
prothrombin time prolongation), use of interferon alpha was associated with further 
deterioration and high risk of life-threatening flares in case of a minimal hepatic reserve. Its 
use was therefore restricted to experienced centers and was generally contraindicated. 
Notable improvement has been achieved in the recent years together with introduction of 
lamivudine (LAM), the first nucleoside analogue inhibiting HBV DNA polymerase, 
followed by the availability of new potent drugs with direct antiviral effect. In some patients 
excellent replication control and clinical stabilization allow removal from the waiting list. 
But these treatments do not eradicate HBV infection. HBV DNA polymerase can be 
suppressed and viremia effectively controlled only when patients take medications. As soon 
as treatment is stopped (or the patient is not compliant), the virus recurs in blood in most 
cases. That means the necessity for life-long treatment to maintain viral suppression and 
counteract decompensation.  

The major concern connected with prolonged  HBV therapy is a risk of drug resistance. 
Knowledge of the past antiviral treatment (if relevant), baseline parameters and patterns of 
mutations conferring resistance is essential in the management of candidates for LT. Patients 
require careful monitoring and prompt interventions as soon as resistance emerges. 
Determination of pretreatment  HBV-DNA level is obligatory, because this value will be 
used for further comparisons and treatment efficacy evaluation. Quantitative HBV-DNA 
testing should be repeated in three to six month intervals, preferably using the same 
diagnostic assay. Primary non-response to treatment is defined by HBV-DNA decrease 
below 1 log after 24 weeks of a given therapy. Patients with primary failure require prompt 
switch to an alternative treatment.  Increase in serum HBV-DNA level by at least 1 log above 
nadir is defined as virological resistance (or viral breakthrough). This  can be related to 
genotypic resistance which means emergence of amino acid substitutions in the reverse 
transcriptase region of HBV polymerase gene during treatment. Suspicion of mutations 
conferring resistance require confirmation with genotypic testing, especially as the main 
reason for viral breakthrough is medication non-compliance and should be considered in 
the first instance to avoid unnecessary modification in therapy. If the patient denies 
medication negligence, one of the tests for the detection of resistant mutants should be 
ordered and if antiviral resistance confirmed, a rescue therapy has to be implemented (Table 
4). If it is not done in time, clinical (or biochemical) resistance, defined as a significant liver 
enzymes elevation on treatment, can occur within months to years after development of 
polymerase gene mutations. It can be potentially life-threatening in patients with 
decompensated cirrhosis, and should be strictly avoided. 

A question is when and with which drug to initiate antiviral treatment in patients awaiting 
LT to avoid prolonged administration and development of drug resistance. There is a 
consensus panel agreement that each patient with HBV DNA > 2000 IU/mL is in danger of 
disease progression and HCC development, therefore requires antiviral treatment (Chen et 
al., 2006; Iloeje et al., 2006). It is especially relevant in patients with liver cirrhosis, as viral 
suppression may lead to significant clinical improvement and withdrawal from transplant 
waiting list. It is also commonly accepted that in decompensated cirrhosis any HBV viremia  
preceding transplantation is harmful and should be treated. If a patient is HBV DNA 
repeatedly negative by one of commercially available sensitive PCR assays, they can be 
commenced on antiviral therapy at the time of transplantation.  
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disease progression and HCC development, therefore requires antiviral treatment (Chen et 
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preceding transplantation is harmful and should be treated. If a patient is HBV DNA 
repeatedly negative by one of commercially available sensitive PCR assays, they can be 
commenced on antiviral therapy at the time of transplantation.  
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Therapeutic decision should be based on drug potency and high genetic barrier to 
resistance. Several oral NUCs with different antiviral properties are currently available and 
can be considered for treatment (Table 3).  

Drug Class Resistance Potency 
Lamivudine nucleoside high high in the first year 

of treatment 
Adefovir nucleotide low moderate 
Telbivudine nucleoside medium high in naïve 

patients 
Entecavir nucleoside low very high in naïve 

patients 
Tenofovir nucleotide low very high 

Table 3. Antivirals against hepatitis B virus 

Careful consideration of the past medical history, resistance pattern (if detected) and cross-
resistance data is mandatory (Table 4). Lamivudine was the first NUC used in patients with 
decompensated cirrhosis, initially with a great success. It is a relatively cheap, very well 
tolerated and potent drug showing effective suppression of  HBV viremia within a few 
weeks of treatment. It improves hepatic function in more than a half of patients with 
decompensated cirrhosis within the first year of treatment and is associated with better 
survival. Usual daily dose is 100–150 mg. A significant disadvantage is a low genetic barrier 
of resistance making long-term treatment with LAM impossible in a considerable number of 
patients. It was shown that drug-resistant mutants emerge in 20% of patients treated with 
LAM per year. Therapy with LAM requires frequent determinations of HBV viremia, 
preferably every three months,  and prompt initiation of rescue therapy in case of genetic 
breakthrough (Table 4). LT performed in patients on lamivudine with LAM resistance 
mutations can give inferior results and should be avoided (Perillo et al., 2001). 

Another disadvantage is cross-resistance with other NUCs, considerably limiting rescue 
treatment options. Albeit LAM provided an important progress in LT for hepatitis B, now it 
is not indicated as a first line therapy in decompensated cirrhosis type B. The same concerns 
telbivudine, another L-nucleoside, which is even more potent than LAM, but relatively 
quickly selects for mutations at the same sites as LAM and entecavir. For these reasons it is 
neither recommended as a first line therapy in cirrhotic patients nor as a rescue therapy in 
LAM or entecavir resistance.  

Adefovir (ADV), a nucleotide analogue of adenosine monophosphate, is effective as a first 
line treatment of wild type HBV infection as well as a rescue therapy in LAM-resistant 
patients. It is a slowly acting molecule, and in some patients delayed decrease in viremia can 
be mistaken with a primary non response to treatment or with a breakthrough if the baseline 
HBV DNA level was not determined. Its use as a drug of choice in decompensated cirrhosis 
is limited due to a relatively weak inhibition of HBV DNA polymerase and slow viral 
suppression at the approved dose (10 mg daily). A potential nephrotoxicity also limits 
indication for ADV in patients with cirrhosis and concomitant renal insufficiency. Dose 
adjustment in case of renal impairment is necessary. Despite a few disadvantages, it was 
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discovered that ADV lacks cross-resistance with LAM and can be used as a rescue therapy 
in LAM-resistant patients. However, it was also reported that to avoid sequential resistance 
to ADV (resistance develops only if LAM is stopped), it is better to add ADV to LAM than 
to switch LAM on ADV (Villeneuve et al., 2003). In very sick patients who would not be able 
to tolerate hepatic flares related to the selection of resistant strains, the best option is to use 
de novo combination of LAM and ADV. In case of resistance to ADV (cumulative probability 
appr. 2% in 2 years), the best option is to add LAM, telbivudine or entecavir. 

NUC Primary antiviral resistant 
mutation 

Preferred management 

lamivudine rtM204V/I 
rtA181T 

• add adefovir 
• add or switch to tenofovir or 

tenofovir + emtricitabine 
telbivudine rtM204I • add adefovir 

• add or switch to tenofovir or 
tenofovir + emtricitabine 

adefovir rtA181V/T 
rtN236T 
rtI233V* 

• add or switch to entecavir  
• or tenofovir  
• or tenofovir + emtricitabine 

entecavir rtL180M and rtM204V 
plus rtI169T and rtM250V 
or rtT184G and rtS202I 

• add or switch to tenofovir  
• or tenofovir + emtricitabine 

tenofovir none ? 
*primary non-response 

Table 4. HBV mutations associated with drug resistance and rescue treatment options 

Entecavir, launched in 2005, is a very potent and well tolerated nucleoside analogue with a 
high genetic barrier of resistance. Used as a first line therapy in a daily dose of 0.5mg 
dramatically reduces HBV DNA viremia within a few weeks irrespectively on HBeAg 
status, and currently is a drug of choice in the naïve patients with decompensated HBV-
related cirrhosis. Results obtained at 5 years of treatment showed practically negligible 
resistance rate (Colonno et al., 2006). However, in LAM-resistant patients the efficacy of 
entecavir is markedly reduced even at higher doses (1 mg daily), and resistance develops in 
more than one third of patients  after 4-year treatment (Sherman et al., 2006). It can be 
explained by a selection of rtM204V/I mutants already being developed during LAM 
treatment and less susceptible to entecavir in comparison with wild-type HBV, and the 
emergence of another mutation at codons 184, 202 and 250 under entecavir pressure (Table 
4). If at least three mutations develop together, a viral breakthrough occurs. Therefore, 
entecavir should not be used as a rescue therapy in LAM-resistant (or telbivudine-resistant) 
patients. Such sequence may select for multidrug resistant virus. In case of entecavir 
resistance the only possibility is to add (better than to switch on!) adefovir or tenofovir.  

Tenofovir alone or in combination with emtricitabine is a nucleotide analogue successfully 
used in HIV-positive patients. In HIV/HBV coinfection it also showed high potency against 
HBV virus. To date resistant strains have not been discovered. In comparison with ADV it is 
far more potent and can be used as a rescue therapy in the majority of resistance situations. 
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The daily dose is 300 mg. The drug is potentially nephrotoxic and should be used with 
caution in renal insufficiency. Tenofovir has been only recently registered in Europe to treat 
patients with chronic hepatitis B, therefore the experience in decompensated cirrhosis is 
very limited. Because of its excellent antiviral activity and lack of mutations associated with 
drug resistance it is reasonable to restrict its use to the patients who require rescue therapy 
and failed previous treatments. 

In conclusion, the best option in treatment-naïve patients with decompensated HBV-related 
cirrhosis, especially if they await LT and will continue antiviral treatment after 
transplantation, is entecavir in a standard dose. In case of LAM-experienced patients, either 
with or without LAM-resistance, the best option is to add adefovir and to keep patients on 
the combination therapy until transplantation. To ensure ongoing viral susceptibility 
frequent, preferably in 3 month intervals, testing for HBV-DNA level is mandatory.  

2.2 Prevention of HBV recurrence after LT 

Two-three decades ago HBV recurrence after liver transplantation was very frequent. 
Although HBV replicates almost exclusively in hepatocytes, reinfection can be caused by the 
circulating HBV particles or, less frequently, by HBV harvested from peripheral blood 
mononuclear cells. A good evidence for that was a close relation of reinfection risk with the 
pre-transplant viral load. Viremic patients developed reinfection almost inevitably. The 
course of recurrent HBV hepatitis was accelerated in comparison with HBV infection in non-
transplant setting resulting in liver failure and premature death in the majority of patients. It 
could be explained by high doses of steroids, routinely included to the immunosuppression 
protocol in all transplanted patients (there is a glucocorticoid-susceptible element in HBV 
genome), loss of immune control over HBV replication together with a potent 
immunosuppression and sudden availability of new hepatocytes for viral replication. Due to 
the very poor results, retransplantation for recurrent HBV infection was performed 
reluctantly and in many transplant centers was contraindicated. There was a new 
histological finding in recurrent HBV reinfection characterized by cholestasis, marked 
inflammation and fibrosis, described as fibrosing cholestatic hepatitis (FCH). This particular 
form of reinfection, believed to be a direct cytopathic effect of HBV on hepatocytes, resulted 
in rapid development of hepatic decompensation  and death, usually within one year post-
LT (Lau et al., 1992). Before implementation of successful strategies to prevent reinfection, it 
was reasonable to withdraw steroids from immune suppression in HBV-positive patients or 
maintain them at a low dose, and to reduce immunosuppression strength to the lowest 
possible levels. There was no evidence that  any of CNI inhibitors had an advantage or 
disadvantage in this particular group of recipients by stimulating or suppressing HBV 
replication (McMillan et al., 1995). Neither it was confirmed for mycophenolate mofetil 
(Maes et al., 2001). Rather the overall potency compromising immune system mattered. New 
approaches were essential to change these disappointing results and to make 
transplantation of HBV-related end-stage liver disease an acceptable procedure. 

The first change came together with the use of human immune globulin containing high 
titers of anti-HBsAg antibodies (HBIG) to neutralize circulating virions and to prevent virus 
entry to the hepatocytes. Different schedules were used (Table 5), but it was soon proved 
that HBIG started at the  anhepatic phase  in a dose of 10 000 IU followed by high doses 
during the first days after transplantation (10 000 IU daily for a week) and administered 
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long-term thereafter to maintain anti-HBs titer >100 IU/L was associated with a significant 
reduction risk of recurrence  from 74 to 36% and far better prognosis (Samuel et al., 1993). 
The question arose why HBIG was not effective in all patients, but the answer is not entirely 
clear. Some centers tried to overcome this problem by administering larger and more 
frequent doses of HBIG in order to keep anti-HBs titer above 500 IU/L, but the costs of such 
approach were extremely high. Moreover, it was noticed that long-term use of HBIG results 
in selection of the escape mutants. Mutations occur in the coding region of ‘a’ determinant 
of the surface protein.  In such cases vaccination failure is also present. Protective threshold 
of anti-HBs was not established. Some transplant teams preferred keeping anti-HBs at a 
level of 500 IU/L, whereas others accepted 300 IU/L or titers as low as 100 IU/L. A schedule 
of administration was either fixed (i.e. 2000 IU monthly or 5000 IU every second month) or 
individualized (on-demand) according to the anti-HBs titer. With HBIG monotherapy,  

Type of HBIG Lead-in dose Maintenance dose Recurrence 
10 000 IU at LT 
followed by 10 000 
IU daily for 7 days 
(80 000 IU in the first 
month) 

10 000 IU monthly 0 

46 500 IU in the first 
month 

5 000 IU monthly 4% 

40 000 IU in the first 
week  

To keep anti-HBs > 
500 IU/L for the 
second week and > 
100 IU/L thereafter 

9.5%, only in LAM-
resistant patients 

10 000 IU daily until 
anti-HBs > 1000 
IU/L 

To keep anti-HBs > 
100 IU/L 

20%, only in LAM-
resistant patients 

10 000 IU daily until 
HBsAg is cleared 

To keep anti-HBs > 
100 IU/L 

8%, mostly in LAM-
resistant patients 

High-dose (iv.) 
HBIG 

80 000 IU in the first 
month 

2 000 IU to keep 
anti-HBs > 100 IU/L 

18%, only in LAM-
resistant patients 

800 IU at LT and 
daily for one week 

800 IU monthly 3.1% 

80 000 IU iv. in the 
first week post-LT 

1 200 IU monthly to 
keep > 100 IU/L 

3.6% 

4 000 IU at LT and 
then 2 000 daily until 
anti-HBs > 200 IU/L 

To keep anti-HBs > 
100 IU/L 

5.7%, only in LAM-
resistant patients 

2 000 IU at LT and 
800 IU daily for 6 
days, weekly for 3 
weeks 

800 IU monthly 14% 

Low- dose (im.) 
HBIG 

800 IU at LT and 
daily for 6 days 

800 IU monthly 4% 

Table 5. Different HBIG protocols and recurrence rate 
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however the recurrence rate was high when HBV DNA was detectable in blood at the time 
of transplantation. Lower recurrence was observed in negative HBV DNA patients, in the 
concomitant delta virus infection and in fulminant B hepatitis. 

High costs of HBIG, the necessity of frequent testing and inconvenient immune globulin 
administration led transplant centers to study some other options. Early results with 
lamivudine showing recurrence rate of 10% at the first year post-LT were very promising 
and gave hope to abandon costly immunoprophylaxis, but further observations were less 
enthusiastic, as 43-50% of patients developed recurrence within 3 years after LT largely due 
to cumulative LAM-resistance and high pre-transplant viral load [Mutimer et al., 1999; 
Perillo et al., 2001)].  Because monotherapy either with HBIG or with LAM was not 
satisfactory, a combination of these two agents was soon proposed. As both drugs have 
different mode of action and exert additive prophylactic effect, it was quickly proved that 
such strategy is very effective and prevents HBV recurrence in more than 90% of recipients. 
Combination of LAM with intravenous high dose anti-HBV immune globulin (IV HBIG) is 
currently a standard of care in terms of anti-HBV prophylaxis. LAM can be replaced with 
another NUC (or combination of NUCs), usually the one that was started before 
transplantation.  Some centers try to reduce IV HBIG use by switching on the intramuscular 
formula or by administering HBIG only when anti-HBs titer falls below 10 IU/L. The latter 
approach turned out to be safe and no recurrence was noted despite low cumulative dose of 
HBIG. The authors suggested that in the concomitant use of NUC it is not necessary to keep 
anti-HBs at higher levels (Takaki et al., 2007). Recent publication from Australia and New 
Zealand on the efficacy of low-dose IM HBIG in combination with LAM is very promising 
and supports efforts to reduce high costs of anti-HBV prophylaxis. IM HBIG is given at a 
dose of 800 IU daily for 7 days post-transplant and in a dose of 400–800 IU monthly 
thereafter. With this strategy the rate of recurrence was only 4% at 5 years (Gane et al., 2007). 
The authors suggest that in case of low risk of recurrence (HBV-DNA < 2 000–20 000 IU/mL 
at baseline, HDV coinfection, fulminant hepatitis) HBIG can be withdrawn within one-two 
years post-LT with NUC to be continued life-long. In high recurrence risk  (HBV-DNA > 2 
000–20 000 IU/mL before treatment commence, history of drug resistance) IM HBIG in 
combination with NUC should be administered indefinitely. According to Gane et al. IM 
HBIG can be possibly replaced by the combination of two potent analogues. Further studies 
on this issue are warranted.  

Another strategy to provide an effective anti-HBV prophylaxis without immunoglobulin 
administration is a vaccination program. The idea was to start active immunization at an 
anti-HBs titer around 100 IU/mL hoping to maintain this level after indefinite HBIG 
withdrawal. First generation vaccines did not prove to be useful.  Some success has been 
achieved with the pre-S vaccines in lamivudine treated recipients. In one series anti-HBs 
response was obtained in 50% of vaccinated, two third of whom managed to maintain titers 
(Lo et al., 2007). Spontaneous antibody production was also noted in a small number of 
patients and development of a novel vaccine that is able to sustain that production would be 
of great importance. 

2.3 Management of  de novo or recurrent HBV hepatitis 

As it was already mentioned, in the absence of an effective prevention, recurrent B hepatitis, 
defined as detectable HBsAg in blood after LT, occurs in a substantial proportion of patients 
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preoperatively positive for HBsAg. In the nineties of the last century recurrence rate was 
reported to be as high as 70 to 90% among HBsAg-positive recipients (Lake & Wright, 1991). 
Nowadays these proportions are notably better and vary between 26 and 53%, possibly due 
to more accurate selection of HBV DNA negative candidates (Yeo et al., 2004). To a lesser 
extent HBsAg may reappear in circulation as a result of reactivation in patients with 
previously resolved infection, that is in HBsAg-negative but anti-HBc positive individuals. 
Berger et al. found reactivation in 0.9% of anti-HBc positive liver recipients, whereas other 
authors reported a bit higher risk of HBsAg reappearance reaching approximately 3% of 
transplant patients (Barclay et al., 2008). In addition to reactivation, de novo HBV infection 
following LT has been reported in HBsAg-negative individuals who received livers from 
anti-HBc-positive donors (Dickson et al., 1997; Prieto et al., 2001). Currently, livers from 
anti-HBc-positive donors can only be transplanted to the HBsAg-positive recipients or to the 
anti-HBc-positive recipients with high anti-HBs titers. The same applies to kidney donors 
and recipients. Anti-HBc-positive heart and lung donors do not pose a significant risk of 
HBV transmission. In most transplant centers there is a policy to administer pre-emptively 
one of the NUCs (usually lamivudine for at least one year post-LT) to the anti-HBc-positive 
recipient to prevent reactivation of an occult HBV infection. It is needless to say that 
harvesting organs from HBsAg-positive donors is not allowed. 

However, post-LT HBV infection still occurs either as recurrent hepatitis B due to the 
unsuccessful prophylaxis or as de novo community acquired infection, but most frequently 
because of use of an organ from anti-HBc-positive/HBsAg-negative donor. In case of 
recurrent B hepatitis or newly acquired HBV infection recipients have to be treated 
promptly with one of the potent NUCs, preferably the one with high genetic barrier of 
resistance, i.e. entecavir or tenofovir (in LAM-experienced patients). Adefovir should be 
considered with caution as the potency of the drug is moderate and there are reports on 
nephrotoxicity. Antiviral therapy should be continued until the end-point is reached 
(preferably HBsAg loss and seroconversion to anti-HBs) or life-long. HBV-DNA level and 
aminotransferase activity should be monitored every 12 to 24 weeks to seek for primary 
non-response, partial virological response (HBV-DNA decrease >1 log but <2 logs without 
resistance) and virological breakthrough. In primary and partial non-response a rapid 
switch to another NUC is recommended. In case of genotypic resistance-related virological 
breakthrough (after excluding non-compliance) adding-on a second drug is the optimal 
strategy. Knowledge of cross-resistance patterns is obligatory (European Association for the 
Study of the Liver, 2009). Clinical experience with interferons in the recurrent or de novo 
hepatitis B in liver transplant recipients is scarce.  
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1. Introduction 
Orthotopic liver transplantation (OLT) was initially developed in the 1960s as treatment for 
individuals dying of end-stage liver disease. It began to be utilized in the 1980s as salvage 
therapy in the setting of acute liver failure (ALF). Prior to the use of OLT, ALF mortality 
rates reached 80-85%, and the early post-transplant survival rates were much lower than 
those following transplantation for chronic liver diseases (Bernuau et al., 1986a). Over the 
past thirty years, however, with advances in critical care management and in the field of 
liver transplantation, 1-year survival rates following OLT for ALF have improved to 60-80% 
(Bismuth et al., 1995; DeVictor et al., 1992; Hoofnagle et al., 1995; W Lee, 2003; O'Grady et 
al., 1988). ALF is one of the few conditions for which a patient can be listed as a United 
Network for Organ Sharing (UNOS) status 1A (urgent) patient in the United States and 
“super urgent” in the United Kingdom. Although about half of ALF patients undergo OLT, 
ALF accounts for less than 10% of US transplants and approximately 11% in Europe 
(Freeman et al., 2008). 

2. Prognosis and prognostic models 
It is essential to quickly and accurately identify those patients most likely to benefit from 
emergent OLT. In the setting of organ shortage, it is also important to identify and even 
delist patients who are too ill to benefit from OLT. To minimize the risk of unnecessarily 
committing individuals to lifelong immunosuppression, one must balance the desire to 
delay transplantation to allow for the potential of spontaneous recovery against the risk of 
death with that delay and the risk of the surgery itself. Many ALF patients who have been 
listed for OLT will recover spontaneously without transplantation and it is estimated that 
as many as 20% of patients may be transplanted needlessly. In addition, a significant 
number of ALF patients listed for OLT will die awaiting a donor organ. In the United 
Kingdom, about 30% of patients initially considered for OLT ultimately become 
untransplantable following the development of complications (i.e., cerebral edema, sepsis, 
hemodynamic abnormalities, multiorgan system failure) (Bernal et al., 1998). Additionally, 
many patients have medical or psychosocial contraindications to transplantation, including 
irreversible brain injury, underlying cardiovascular disease, infection/sepsis, alcohol or 
drug abuse, poorly controlled psychiatric disease, or inadequate family support (Simpson 
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et al., 2009). Thus, it is important to identify and delist patients who are too ill to benefit 
from OLT. 

It is crucial that reliable predictive models of survival and the need for OLT be developed. 
Successfully predicting outcome would allow more judicious use of scarce organs and spare 
those who will ultimately recover the need for lifelong immunosuppression. There are at 
present no standardized criteria to predict who should be listed for OLT. Several prognostic 
models have been developed to help identify appropriate patients for transplantation. 
Unfortunately, these prognostic models have limitations, and their predictive accuracy 
varies (Blei, 2005; Anand et al., 1997).  

2.1 Predictors of prognosis 

Many factors may help determine which ALF patients are more likely to die; however, they 
are generally unreliable in predicting who will ultimately survive or require transplantation.  

2.1.1 Etiology 

The etiology of ALF is one of the most important predictors of spontaneous outcome 
(Ostapowicz et al., 2002). The lowest mortality is seen with ALF secondary to 
acetaminophen (N-acetyl-p-aminophenol; APAP) toxicity (~30%), hepatitis A virus infection 
(~50%), shock liver, and pregnancy-related ALF (Larson et al., 2005; Ostapowicz et al., 2002; 
Schiodt et al., 2003). In contrast, the non-transplant mortality for the remainder of causes, 
including ALF secondary to drug-induced liver injury, remains abysmal (80% to 100%) 
(O'Grady et al., 1988; Ostapowicz et al., 2002). Therefore, understanding which causes of 
ALF predominate in a particular region can help lead to the early evaluation and listing of 
these latter cases for OLT. 

ALF secondary to drug-induced liver injury (DILI) predominates in Europe and North 
America, with a high prevalence of APAP-induced ALF in the US and United Kingdom 
(Hoofnagle et al., 1995; Larson et al., 2005; Ostapowicz et al., 2002; Schiodt et al., 1999; 
Williams, 1996). Viral hepatitis predominates in developing countries. The US ALF study 
group looked at 1198 patients with ALF over an 11 year period and a total of 133 (11.1%) 
subjects were deemed by expert opinion to have DILI ALF. Transplant-free (3-week) 
survival was poor (27.1%), but with successful transplantation in 42.1%, overall survival was 
66.2%. Transplant-free survival in DILI ALF is determined by the degree of liver 
dysfunction, specifically baseline levels of bilirubin, prothrombin time/international 
normalized ratio (PT/INR), and Model for End-Stage Liver Disease (MELD) scores (Reuben 
et al., 2010).  

In the United Kingdom, the number of patients with APAP ALF has declined due to 
legislative changes in drug packaging, leading to an increase in the relative number of 
cryptogenic or seronegative cases (16% of all ALF). The majority (88%) of these latter ALF 
patients met King’s College transplant criteria (see below), reflecting the low likelihood of 
spontaneous recovery (Wigg et al., 2005). A recent study from the UK suggested that OLT is 
a more favorable approach to managing patients with non-APAP induced ALF compared to 
patients with APAP induced ALF. This was predominantly due to the frequent psychosocial 
contraindications in patients with APAP induced ALF (Simpson et al., 2009).  
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2.1.2 Clinical and laboratory criteria 

The clinical criteria most commonly used to exclude a patient from OLT vary by transplant 
center but may include age older than 70 years, the presence of certain malignancies outside 
of the liver, severe cardiac, lung, or multiple organ failure, severe infection, uncontrolled 
septic shock and brain death (Table 1) (Samuel & Bismuth, 2001). Patients with grade 3-4 
encephalopathy and fixed pupils, cerebral perfusion pressure <40 mmHg, sustained 
elevation in intracranial pressure >50 mmHg, or seizures are at high risk for postoperative 
neurologic complications or brain death. They are usually not deemed candidates for OLT 
(Bismuth et al., 1995). As long as the pupils remain active and the patient does not have 
posturing movements, liver transplantation can still be considered (Daas et al., 1995). The 
degree of serum aminotransferase elevation and the rate of its recovery do not predict 
prognosis. In fact, improvement of aminotransferase levels in conjunction with worsening 
bilirubin, hepatic encephalopathy, and coagulopathy (INR) signals complete liver failure 
and is a particularly ominous sign.  

Common Exclusion Criteria 
Age >70 years old (relative) 
Certain malignancies outside of the liver 
Severe cardiac, lung, or multiple organ failure 
Severe infection 
Uncontrolled septic shock 
Brain death 
UNOS Status 1a Listing Criteria for ALF 
Age ≥ 18 years 
Life expectancy without a liver transplant of <7 days 
Onset of encephalopathy within 8 weeks of the first symptoms of liver disease 
Absence of pre-existing liver disease (except for the diagnosis of fulminant Wilson’s 
disease) 
Residence in the intensive care unit 
At least one of the following: ventilator dependence, renal replacement therapy, or INR 
>2.0 

Table 1. Exclusion and Listing Criteria for Transplantation for Acute Liver Failure. INR-
international normalized ratio 

2.1.3 Multiorgan failure 

The severity of multiorgan failure at the time of OLT is also a predictor of post-transplant 
survival. Decreased renal function is associated with worse spontaneous survival in non-
APAP-induced liver injury. In a multivariate analysis of UNOS data (1988–2003), four risk 
factors predicting post-transplant survival were identified: pretransplant use of life support, 
recipient age >50 years, recipient body mass index ≥30 kg/m2, and serum creatinine 
>2 mg/dL. If an individual had all of these risk factors, the 5-year post-transplant survival 
was only 44–47%. Whereas, if none of these features were present, the 5-year post-transplant 
survival was 82–83% (Barshes et al., 2006).  
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2.1.4 Hepatic encephalopathy 

Mortality rates correlate with the severity of hepatic encephalopathy (HE), reported at 30% 
for grade 2, 45-50% for grade 3 and 80-90% for grade 4 HE (Daas et al., 1995; Hoofnagle et 
al., 1995). A multicenter US series, in which 39% participants had APAP hepatotoxicity, 
showed a 52% 3-week transplant-free survival in patients with grade 1-2 encephalopathy, 
but only 33% with grade 3-4 HE survived without transplant (Ostopowicz et al., 2002). 
Conversely, 85% of patients with non-APAP ALF without HE experienced spontaneous 
recovery (Elinav et al., 2005). Paradoxically, those with more rapid development of HE (i.e., 
APAP-induced) appear to have a better outcome than those with a longer interval between 
the development of symptoms and HE (i.e., DILI) (Bernuau et al., 1986a; O'Grady et al., 
1989; O'Grady et al., 1993). A distinctive feature ALF-induced HE is the development of 
cerebral edema, the complete pathophysiology of which remains poorly understood. 
Cerebral edema develops in nearly 80% of patients who progress to grade 4 HE, leading to 
intracranial hypertension with subsequent ischemic brain damage or brainstem herniation, 
accounting for up to 50% of ALF mortality (Clemmensen et al., 1999; Jalan et al., 2003). 
Intracranial pressure (ICP) monitoring is more often utilized in patients who are deemed 
candidates for OLT, and ICP may be more aggressively managed in these cases. ICP 
monitors may also be of significant value during the transplant operation, when fluctuations 
in ICP are common (Philips et al., 1998). ICP monitoring is associated with up to a 10% risk 
of intracranial hemorrhage, and it has not been shown to change 30 day post-OLT survival 
(Gasco et al., 2010). Thus, the indication and timing of use of ICP monitoring devices remain 
controversial (Vaquero et al., 2005). Intracranial hypertension may persist during the first 
10-12 hours following liver transplantation, thus ICP monitoring, if utilized, should 
continue during and after surgery (Bismuth et al., 1995; Jalan et al., 2003).  

2.1.5 Infection 

ALF-induced hemodynamic changes can be difficult to distinguish from infection and sepsis 
and are complicated by the fact that ALF patients may not develop leukocytosis or fever. 
Bacterial infection is the cause of death in up to 37%, with the most common sites of 
infection being pulmonary (47%), blood (26%), and urine (23%) (Bernal et al., 2003). Fungal 
infections, especially Candida sp., are seen in up to 32%, occur later in the course of disease, 
particularly after use of antibiotics or in the setting of renal dysfunction, and are often 
associated with bacterial infection (Rolando et al., 1991; Vaquero et al., 2003). Active 
infection is a contraindication to OLT. The empiric use of antibiotics is controversial. 
Prophylactic antibiotics decrease the number of infections, but do not change overall 
outcome (Rolando et al., 1990; Rolando et al., 1996; Stravitz et al., 2007). Some centers 
administer anti-infectives (antibacterial and antifungal) to patients who have significant 
isolates on surveillance cultures, have progression to Stage 3-4 HE, have refractory 
hypotension, or have clinical evidence of systemic inflammatory response syndrome 
(Stravitz et al., 2007). Periodic surveillance cultures and frequent chest radiographs can help 
detect bacterial and fungal infections early. 

2.1.6 Psychosocial predictors 

The burden of medical follow-up after OLT can be substantial, and quality of life can be 
significantly affected. Therefore, the decision to offer OLT to an individual patient also 
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needs to consider more controversial issues such as psychosocial factors (i.e., adequacy of 
social support and substance and/or alcohol abuse), and adequacy of medical insurance 
coverage. For example, in one study, four patients (12%) died in the post-transplant follow-
up period from deliberate self-harm (Bernal et al., 1998).  

2.2 Prognostic models 

Multiple prognostic models have been proposed to help determine the likelihood of 
spontaneous survival (Table 2) (Antoniades et al., 2007; Bailey et al., 2003; Bernuau et al., 
1986b; Bernuau, 1993; Craig et al., 2010; Harrison et al., 1990; Itai et al., 1997; O'Grady et al., 
1989; Pereira et al., 1992; Rolando et al., 2000; Schiodt et al., 2005; Van Thiel, 1993). However, 
many of these models are methodologically flawed and subject to bias. In addition, many 
equate OLT with death, which falsely elevates the positive predictive value of these 
prognostic systems (Craig et al., 2010).  

Variable Clichy King’s 
Criteria 
APAP 

King’s 
Criteria  
non-APAP 

APACHE 
II 

MELD 

Factor V Level X     
Age X  X X  
Hepatic 
Encephalopathy 

X X  X  

Arterial pH  X  X  
INR  X X  X 
Serum Creatinine  X  X X 
Etiology   X   
Serum Bilirubin   X  X 
Duration of 
Jaundice 

  X   

Vital Signs  
(T, BP, HR, RR) 

   X  

Oxygenation    X  
Serum Na & K    X  
WBC    X  
Hematocrit    X  

Table 2. Comparison Between the Various Prognostic Scoring Systems for Acute Liver 
Failure APAP-acetaminophen; MELD-model for end-stage liver disease; INR-international 
normalized ratio; T-temperature; BP-blood pressure; HR-heart rate; RR-respiratory rate;  
Na-sodium, K-potassium; WBC-white blood cell count. Clichy (Bernuau et al, 1986); King's 
Criteria (Bernal et al., 2002; O'Grady et al., 1989), Apache II (Mitchell et al., 1998); MELD 
(Schmidt & Larsen, 2007; Villamil et al., 2007; Wiesner, 2004; Yantorno et al., 2004; Zaman et 
al., 2006) 

2.2.1 King's college hospital criteria 

The most widely applied prognostic system are the King’s College Hospital criteria (King’s 
criteria) developed from a retrospective cohort of nearly 600 patients (Bernal et al., 2002; 
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O'Grady et al., 1989). The Kings criteria incorporate both the etiology of ALF (APAP- versus 
non-APAP induced ALF) and clinical parameters of disease (O'Grady et al., 1989). In a meta-
analysis of studies using the Kings criteria, the pooled sensitivity and specificity was 69% 
and 92%, respectively (Bailey et al., 2003). The Kings criteria appear to have high positive 
predictive values (80% in APAP induced ALF and 70-90% in non-APAP induced ALF) but 
poorer negative predictive values (70-90% and 25-50%, respectively). A recent meta-analysis 
found that the Kings criteria for non-APAP induced ALF have good specificity, especially 
for patients with high grade encephalopathy (McPhail et al., 2005). The Kings criteria are 
helpful in identifying those who may need OLT, but up to 20% of those meeting criteria 
potentially could have survived without OLT, and those not meeting criteria may still 
require transplantation. The addition of arterial blood lactate levels to the model has 
improved its sensitivity (Bernal et al., 2002; MacQuillan et al. 2005).  

2.2.2 Other models and predictors 

Other Models and Predictors. The Clichy criteria were developed in a cohort of French 
patients with acute hepatitis B virus infection (Bernuau et al., 1986b). These criteria suggest 
that a serum factor V level of <20% in patients younger than 30 years or <30% in any patient 
with grade 3-4 HE has validity as a marker of mortality. The criteria predicted a poor 
outcome with a sensitivity and specificity of 86% and 76%, respectively. Factor V level 
measurements are less readily available to the clinician than are the measures in the Kings 
criteria, therefore, this prognostic model is not commonly utilized (Izumi et al., 1996; 
Pauwels et al., 1993). In addition, this model has not been validated in the non-HBV 
population. A factor V <10% has been shown to predict a poor outcome with a sensitivity of 
91% and a specificity of 100%; while a factor VIII : V ratio of >30 similarly predicts outcome 
(91% sensitivity, 91% specificity) (Pereira et al., 1992). The admission Acute Physiology and 
Chronic Health Evaluation (APACHE) II is ineffective in predicting who will survive 
without transplantation, since many patients who do not meet the severity criteria will 
ultimately die of subsequent complications (Mitchell et al., 1998).  

Elevated arterial ammonia levels increase the risk of developing intracranial hypertension. 
A level of >150 µmol/L predicts development of intracranial hypertension with a sensitivity 
of 60% and a specificity of 84% (Kitzberger et al., 2009). Concentrations of more than 100-
150 µmol/L have been positively correlated with cerebral herniation (Bernal et al., 2007; 
Bhatia et al., 2006; Clemmensen et al., 1999; Toftent et al., 2006).  

Serum alpha-fetoprotein (AFP) is generally considered a marker of hepatocellular 
regeneration. There has been no consistent correlation seen between the absolute AFP level 
and outcome in ALF (Tofteng et al., 2006). However, an increasing AFP level has been 
strongly associated with a more favorable outcome (Schiodt et al., 2006; Yang et al., 2002).  
A threshold AFP of ≤3.9 μg/L at 24 hours following the peak ALT identified nonsurvivors 
with a sensitivity and specificity of 100% and 74%, respectively, and a negative predictive 
value of 100% (Schmidt et al., 2005). In addition, it has been shown that a rising AFP level 
between day 1 and day 3 from presentation predicted survival without transplantation, 
whereas a decreasing level was seen in 80% of those who died (Schiodt et al., 2006).  

Persistently elevated phosphate levels may be associated with a poorer prognosis in the 
setting of acetaminophen-induced ALF. A serum phosphate level >1.2 mmol/L on day 2 or 
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3 following APAP overdose carries a sensitivity of 89% and a specificity of 100% for 
predicting poor outcome (Baquerizo et al., 2003; Chung et al., 2003; Schmidt et al., 2003). The 
level of Gc-globulin, a protein which is markedly reduced in the setting of tissue injury, has 
not been shown to reliably predict survival in those with APAP-induced ALF. In non-APAP 
ALF; however, using a cutoff value of ≤80 mg/L, the Gc-globulin level carries a positive 
predictive value of 74% and a negative predictive value of 81% (Schiodt et al., 2005; Schiodt 
et al., 2007)). An elevated arterial blood lactate level following volume resuscitation predicts 
worse survival in APAP-induced ALF (Bernal et al., 2002; Cholongitas et al., 2008; 
MacQuillan et al. 2005).  

The model for end-stage liver disease (MELD) scoring system, is an excellent prognostic 
model for chronic liver disease (Schmidt & Larsen, 2007; Villamil et al., 2007; Wiesner, 2004; 
Yantorno et al., 2004; Zaman et al., 2006). However, it has been limited as a prognostic 
model in ALF, because it does not account for most of the extremely important outcome 
predictors in ALF, including age, etiology of ALF and duration of jaundice. The MELD score 
has a sensitivity and specificity of <75% for predicting outcome in all forms of ALF (Bernal 
et al., 2007; Dhiman et al., 2007; Riorden & Williams, 2003). Whether modification of the 
MELD with these important factors would improve the MELD as standard scoring system 
in prognosis of ALF remains to be seen. Dhiman and colleagues compared clinical 
predictors of MELD and Kings criteria in patients with ALF. Clinical predictors were 
superior to both MELD and Kings criteria in predicting prognosis of ALF. Significant factors 
included age >50 years, jaundice to encephalopathy time greater than 7 days, grade 3-4 
encephalopathy, cerebral edema, prothrombin time ≥35 seconds, and serum creatinine 
≥1.5mg/dL) are associated with a poor prognosis. The presence of 3 or more of these factors 
is associated with a poorer prognosis (Dhiman et al., 2007; O'Grady et al., 2007). Molecular 
markers of cell apoptosis have also been found to be helpful prognostic factors. Bechmann 
looked at replacing the bilirubin value in the MELD score with the ratio of CK18/M65, a 
marker of cell death. This model was found to be associated with higher sensitivity and 
specificity. Although this study was limited by a small number of patients, the idea of using 
molecular markers of cell death in predicting prognosis of ALF is promising and needs to be 
studied in larger cohorts (Bechmann et al., 2010). Cytokeratin 18-based modification of the 
MELD score improves prediction of spontaneous survival after acute liver injury. 

In effort to develop a functional scoring model for non-APAP induced ALF, Miyaki and 
colleagues looked at 4 prognostic factors – etiology of ALF, hepatic coma grade (III or IV), 
systemic inflammatory response syndrome, and ratio of total to direct bilirubin (>2.0). The 
authors found these factors to be predictors of 2-week outcome with high positive and 
negative predictive values, 93.3%, and 81.8%, respectively (Miyake et al., 2005). This 
prognostic model would help the clinician predict prognosis and consideration for liver 
transplantation for patients with non-APAP ALF, however it requires validation before it 
can be widely clinically applied.  

A liver volume of <1000 mL on computed tomography (CT) imaging is also associated with 
a high mortality rate, a finding which has been validated (Shakil et al., 2000; Yamagishi et 
al., 2009). Based upon these findings, a prognostic formula has been proposed, but is not 
widely utilized. Liver biopsy may also be helpful in determining the cause of the ALF and, 
theoretically, the severity and extent of liver damage. Hepatic necrosis of more than 70% 
was associated with a transplant free survival of <10% in one analysis (Scotto et al., 1973). 
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However, there is a great degree of sampling error, and more recently, a multivariate 
analysis of 97 consecutive patients found that the amount of necrosis was not predictive of 
mortality (Miraglia et al., 2006; Voigt et al., 2007).  

Based upon the available data, the current prognostic scoring systems have not consistently 
demonstrated reliable accuracy in predicting outcome from ALF and the subsequent need 
for OLT. Therefore, the American Association for the Study of Liver Diseases (AASLD) does 
not recommend reliance on any one of these systems (W Lee & Larson, 2005).  

3. Liver transplantation 
As previously noted, advances in critical care management of ALF patients has improved 
the spontaneous survival from 10-20% to about 40% without transplantation (Ostapowicz et 
al., 2002). For those who will not spontaneously recover; however, OLT remains the only 
treatment modality that improves survival. With the advent of use of OLT in this setting, 
overall survival rates have further improved to about 60%. 

3.1 Transplant listing criteria 

Candidacy for liver transplantation must be determined quickly in the setting of ALF, given 
the rapid progression of the syndrome. In the US, ALF is one of the few conditions for 
which a patient can be listed as a United Network for Organ Sharing (UNOS) status 1A 
(urgent) patient (available at http://www.unos.org) (Table 1). ALF patients may be listed in 
the “super urgent” category in the United Kingdom. Approximately half of ALF patients 
undergo liver transplantation; however, ALF accounts for less than 10% of US transplant 
and 11% in Europe (Freeman et al., 2008; Organ Procurement & Transplantation Network 
[OPTN], 2009).  

3.2 Types of liver transplantation 

In addition to whole-organ deceased donor liver transplantation (DDLT), which is 
preferred, various types of liver transplantation may be considered depending on the 
situation: living donor liver transplants, ABO-compatible transplants, ABO-incompatible 
transplants and auxiliary liver transplants. In the setting of organ shortage, the risk of 
mortality awaiting an organ should be weighed against the risk of complications or failure 
using an alternative graft (Table 3). 

 OLT LDLT ABO-
compatible 

ABO-
incompatible 

Heterotopic 
auxiliary LT 

Auxiliary partial 
LT 

Graft 75 56-90 49-54 39-52   
Patient 82 59-90  30 33 71 

Table 3. One-Year Post-Transplant Sruvival Rates for Acute Liver Failure (percent). OLT-
orthotopic liver transplantation; LDLT-living donor liver transplantation, LT-liver 
transplantation. OLT (O'Mahony et al., 2007); LDLT (Ichida et al., 2000; S Lee et al., 2007; 
Miwa et al., 1999; Uemoto et al., 2000); ABO-Compatible (Bismuth et al., 1996b); ABO-
incompatible (Bismuth et al., 1996b; Farges et al., 1995); Heterotopic (Van Hoek et al., 1999); 
Auxillary Partial (Van Hoek et al., 1999) 
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3.2.1 Living donor liver transplantation (LDLT) 

The use of LDLT in this setting remains controversial (Campsen et al., 2008; Liu et al., 2002; 
Nishizaki et al., 2002; Uemoto et al., 2000). It is imperative to consider the need for an 
adequately sized graft for the recipient with the requirement of a sufficient residual liver 
mass for the donor. Grafts over 40% of the standard liver volume are necessary in the setting 
of ALF, and outcomes are better with a graft-to-recipient weight ratio greater than 0.8, with 
1.0 being ideal (Kawasaki et al., 1998Kiuchi et al., 1999). A graft of <40% of standard liver 
weight is at risk for the development of small-for-size syndrome – portal hypertension 
following reperfusion leading to sinusoidal damage and graft injury (Man et al., 2003). In 
the absence of small-for-size syndrome following OLT, the graft and donor livers regenerate 
to full size in a matter of 4 weeks (Marcos et al., 2000). Despite these risks, right lobe LDLT 
improves survival in patients with ALF, with overall 1-year survival rates of between 60-
90%, averaging about 75% (Campsen et al., 2008; Ichida et al., 2000; S Lee et al., 2007; Miwa 
et al., 1999; Uemoto et al., 2000). For children undergoing LDLT, the 1-year survival was 67-
89% and death on the waiting list was decreased to 9% (Casas et al., 1999; Emre et al., 1999). 
In the SPLIT experience of pediatric transplantation, 57% of the recipients with ALF 
received partial grafts, without a difference in outcome compared to recipients of whole 
grafts (Baliga et al., 2004).  

Unique ethical issues exist in the setting of LDLT. Given the urgent need for an organ in this 
setting, the donor evaluation must be expedited. The time required for thorough donor 
medical and psychosocial evaluation may be truncated in the setting of rapid clinical 
deterioration of the intended recipient (Abouna, 2001). This carries the risk of an incomplete 
evaluation and the possibility of donor coercion. The 1997 Council of European 
Recommendations argued against the use of LDLT for ALF due to the theoretical risk of 
coercion, with the assumption that patients were undergoing transplantation without 
significant waiting times (Committee of Ministers, 1997). In regions where cadaveric organs 
are not as readily available, the risk of the recipient’s death while waiting for a cadaveric 
organ must be weighed against the risk to the living donor, including a 0.2% mortality 
(Ghobrial et al., 2008; Yasutomi et al., 2000). Protocols will likely need to be established to 
address these concerns (Carlisle et al., 2011; Reding, 2005).  

It has been suggested that instead of comparing the donor risks to the recipient benefits, one 
should compare the donor risks to the donor benefits. Some individuals may feel rewarded 
by being a donor (such as parent to child donation) (Spital, 2005). Mathematical modeling 
suggests the sickest patients or those with highest risk of death while on the waiting list 
would receive more benefit from living donation than those who are less sick (Durand et al., 
2006). Donors surveyed in the year following donation (two thirds responded), appeared to 
be doing well from a psychosocial perspective, but their well-being was linked to recipient 
outcomes (Kim-Schluger et al., 2002). A prospective German study evaluated the 
psychological impact on potential donors during evaluation for urgent indications for 
LDLT. They found that there was more mental stress compared to the general population, 
explained by the recipient’s severity of illness. Donors had more postoperative pain, 
particularly somatoform pain, and decreased vitality. Three months after LDLT, donor 
mental quality of life, depression, and anxiety scores were again normal, although they were 
somewhat linked to recipient outcomes (Erim et al., 2007). The US Adult-to-Adult Living 
Donor Liver Transplantation Cohort Study (A2ALL) group reported that 4.1% of all donors 
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(392) had experienced one or more psychiatric complication. Three had severe psychiatric 
complications, including suicide, accidental drug overdose, and suicide attempt, despite the 
well-being of the recipients. Although there was no clear explanation why these donors, 
despite detailed screening, would be at increased risk for psychiatric problems, they 
suggested that donors need careful preoperative assessments and perhaps prolonged post-
operative monitoring (Trotter et al., 2007).  

3.2.2 ABO-incompatible grafts 

Although ABO-identical grafts are preferred, ABO-compatible grafts (e.g., O graft; A 
recipient) have comparable 1-year patient survival following OLT and 49-54% 1-year graft 
survival (Bismuth et al., 1996a). However, ABO-incompatible grafts (e.g., A graft, B 
recipient) have less favorable outcomes and experience diminished 1-year graft survival 
rates of about 30% (Bismuth et al., 1996a). Patient survival was not affected by ABO 
compatibility for patients who had ALF, but the grafts suffered a greater incidence of 
hyperacute rejection (20%), vascular thrombosis, and/or biliary injury (56%). A Canadian 
group reported overall 5-year graft survival rates of 54–60% and 5-year patient survival 
rates of 61–77%, although the number of study subjects was small (Toso et al., 2007). The 
Birmingham group published their experience in liver transplantation for 29 children of < 5 
kg weight, five of whom underwent for ABO-incompatible grafts. They found no difference 
in transplant outcome or survival between ABO- incompatible vs. ABO-compatible graft 
(Gelas et al., 2011). A recent meta-analysis found that ABO-incompatible grafts have 
excellent outcome in children but not in adult liver transplantation (Wu et al., 2011). At 
present, up to 60% survival of the graft is generally seen in ABO-incompatible transplants, 
likely related to intensive management (use of quadruple immunosuppression, 
postoperative plasmapheresis, splenectomy, methylprednisolone, or prostaglandin E1) 
(Egawa et al., 2004; Farges et al., 1995; Hanto et al., 2003; Sugawara & Makuuchi, 2006). 
Overall, controversy remains as to whether ABO-compatible and ABO-identical OLT leads 
to equivalent post-transplant outcomes. Some studies have reported no statistical difference 
in graft survival, while others have demonstrated that patient survival is less in ABO-
compatible recipients compared to ABO-identical recipients. ABO-identical OLT is still 
preferred (Aladag et al., 2006; Bjoro et al., 2003; Koukoutsis et al., 2007); Smith et al., 2000).  

3.2.3 Auxiliary transplantation 

Auxiliary transplantation leaves the recipient’s liver in place and utilizes a partial left or 
right lobe from the donor which acts as temporary support for the recipient’s injured liver. 
Ideally, once the native liver recovers, immunosuppression may be withdrawn and the graft 
is either surgically removed or is allowed to atrophy naturally (Bismuth et al., 1996b; 
Chenard-Neu et al., 1995; Chenard-Neu et al., 1996). The partial graft is placed below the 
native liver (heterotopic auxiliary transplantation) or replaces a resected right or left native 
lobe (auxiliary partial liver transplantation.) While easier to perform, implantation of the 
heterotopic graft onto the infrahepatic vena cava may induce venous outflow obstruction, 
resulting in slower hepatocyte regeneration, presumably due to cytokine release from 
residual necrotic liver tissue. There is also an increased incidence of primary graft non-
function and portal vein thrombosis with heterotopic auxiliary transplantation compared to 
auxiliary partial or whole graft OLT (Van Hoek et al., 1999). Despite a similar patient 
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survival rate compared to conventional OLT, unique postoperative complications may 
develop following auxiliary transplantation, including biliary and neurologic problems 
(Azoulay et al., 2001). Portal blood flow is partially diverted from the native liver to the 
auxiliary graft, therefore, regeneration of the native liver and graft function may be 
impaired. Moreover, due to the smaller mass of the transplanted liver, cerebral edema and 
neurologic dysfunction may continue to progress (Bismuth et al., 1996b). In addition, 
leaving the necrotic graft in situ following immunosuppression withdrawal may lead to the 
development of multi-system organ failure, or over time, cirrhosis may develop in the 
native liver (Chenard-Neu et al., 1996; Pereira et al., 1997). 

The best outcomes with auxiliary transplantation are in young patients with hyperacute 
presentations due to a viral or autoimmune disorder, but this group also has the greatest 
chance of spontaneous recovery (Chenard-Neu et al., 1995; Chenard-Neu et al., 1996; 
Brandsaeter et al., 2002). Overall patient survival rate for auxiliary transplantation is 
reported to be between 60% and 65% and up to 85% of these survivors were able to 
discontinue immunosuppressive therapy by one year following transplantation (Bismuth et 
al., 1996b; Boudjema et al., 2002; Chenard-Neu et al., 1995; Van Hoek et al., 1999). However, 
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patients die before OLT can be performed, usually due to brain death but other causes 
include sepsis, hemodynamic instability, multiple organ failure, and gastrointestinal 
bleeding (Bismuth et al., 1995; Castells et al., 1993).  

4.1 Survival with transplantation 

There are unique postoperative issues that afflict ALF patients. Despite OLT, elevated ICP 
and cerebral edema can persist for up to a day or more. In ALF patients who die post-OLT, 
as many as 13% succumbed to brain death (Barshes et al., 2006). Protective strategies, such 
as continued ICP monitoring, may be helpful through this period of risk. Although renal 
function often improves dramatically, patients may require renal replacement therapy for 
many weeks post-OLT, particularly in the setting of APAP-ALF. Immunosuppressive 
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strategies that attempt to minimize nephrotoxic agents, such as calcineurin inhibitors, in this 
critical recovery period may be necessary. Nearly one third of post-OLT deaths in this 
setting are from bacterial or fungal infections (Barshes et al., 2006). The majority of these 
deaths occur within the first 2–3 months following the transplantation, usually due to 
neurologic complications or sepsis (Bismuth et al., 1995; DeVictor et al., 1992; Hoofnagle et 
al., 1995; W Lee, 2003; O'Grady et al., 1988; Russo et al., 2004; Wigg et al., 2005). In the largest 
Canadian study (60 patients transplanted between 1994-2007); the wait-list mortality rate 
was 6% with mean waiting time of 2.7 days. The perioperative mortality rate was 15%, and 
complications included neurological problems (13%), biliary problems (10%), and hepatic 
artery thrombosis (5%) (Chan et al., 2009). The Canadian data suggested that cerebral edema 
and extended criteria donor graft are associated with worse outcome. 

The severity of multi-organ failure at the time of OLT is a good predictor of post-
transplant survival (Devlin et al., 1995). Decreased renal function is also associated with 
worse spontaneous survival in non-APAP induced liver injury (Moore et al., 1991). In a 
multivariate analysis of UNOS data (1988-2003), four risk factors predicting post 
transplant survival were identified: history of life support, recipient age >50 years, 
recipient body mass index ≥30 kg/m2, and serum creatinine >2 mg/dL. If an individual 
had all of these risk factors, the 5-year post transplant survival was only 44-47%. Whereas, 
if none of these features were present, the 5-year post transplant survival was 82-83% 
(Barshes et al., 2006). The quality of the graft also impacts post-transplant outcome 
(Bismuth et al., 1995). Graft steatosis, reduced graft size, and ABO-incompatible grafts 
have all been shown in multivariate analyses to lead to decreased patient and graft 
survival (Bernal et al., 1998; Bismuth et al., 1995). On multivariate analysis of data from 
the United Kingdom, the strongest predictor of early mortality in seronegative ALF was 
higher donor body mass index (BMI), which may be a marker for donor graft steatosis 
(Wigg et al., 2005). This group found an odds ratio (OR) of 1.2 for every unit increase in 
donor BMI relative to a normal donor (BMI 25 kg/m2). For example, the OR for early 
death following OLT with a liver from an obese donor (BMI 35 kg/m2) is 1.2 to the power 
of 10 or 1.210 which is an OR of 6.2. The next most predictive variables were recipient age 
>50 years (OR 4.2) and non-Caucasian ethnicity (OR 4.9) Additional factors which have 
been reported to influence survival in ALF include recipient age >60 years, donor age >60 
years, and mechanical ventilation at the time of transplant (O'Mahony et al., 2007; Mas et 
al., 2010). Unfortunately, graft quality needs to be weighed against the time factor, since 
patients may deteriorate while waiting for optimal grafts, sometimes to the point when 
they are no longer feasible candidates. Suboptimal grafts may fail; however, leading to the 
need for retransplantation. 

Some advocate the use of venovenous bypass during the operation, but this is not uniformly 
practiced. Bypass is thought to minimize changes in cerebral perfusion pressure during the 
clamping of the inferior vena cava and portal vein as well as during reperfusion (Bismuth et 
al., 1996a; Jalan et al., 2003). Hepatectomy of the native liver with temporary portocaval 
anastamosis in certain patients may achieve temporary hemodynamic stabilization, with the 
expectation that a suitable graft will be available within the next 24-28 hours (Ejlersen et al., 
1994; Ringe et al., 1993).  

In infants with ALF transplanted between 1986 and 2000, only 24% had spontaneous 
recovery. Nearly half (47%) succumbed to sepsis or multiorgan failure, and 29% underwent 
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OLT, of which half were still alive at a mean follow-up of 5 years. The authors concluded 
that infants had worse prognosis with ALF, since the etiology was more commonly an 
inborn error of metabolism. Extrahepatic disease sometimes excluded OLT as a means of 
treatment (Durand et al., 2001). The Studies of Pediatric Liver Transplantation (SPLIT) 
Research Group found that 13% of all primary transplants performed between 1995 and 
2002 in children were done for ALF and that the majority of these cases were from unknown 
(indeterminate) causes (89%). The 3-month spontaneous survival was markedly diminished 
for children with ALF compared to those without (59% vs. 96%) and 6-month post-
transplant survival was lower (76% vs. 91%, respectively). The majority of children with 
ALF (80%) die from brainstem herniation. On multivariate evaluation, risk factors for post-
transplant mortality included grade 4 HE, age less than 1 year, and use of pre-transplant 
dialysis (Baliga et al., 2004).  

Over the past thirty years, however, with advances in the field of liver transplantation and 
critical care management, the US 1-year survival rates following OLT for ALF have 
improved to 60-80% and 1-year post-transplant graft survival rates have improved from 
63% to 75% (Bismuth et al., 1995; DeVictor et al., 1992; Hoofnagle et al., 1995; W Lee, 2003; 
O'Grady et al., 1988; Wigg et al., 2005). In Spain, Portugal, Belgium, and Italy, where the 
majority of ALF cases are induced by hepatitis B infection or cryptogenic causes, 1-year 
post-transplant survival is 61-79% (Areia et al., 2007; Detry et al., 2007; Escorsell et al., 2007; 
Montalti et al., 2005). These 1-year survival rates are less than the 1-year survival seen in 
patients who have been transplanted for chronic liver failure (80–90%) (Farmer et al., 2003; 
Freeman et al., 2008). However, by 1–4 years following transplantation this trend has 
reversed, and ALF patients have a better survival than those transplanted for chronic liver 
disease. Chan et al. reported the Canadian experience with 5- and 10-year patient survival 
rates of 76% and 69%, respectively, and graft survival rates of 65% and 59% (Chan et al., 
2009). Poorer outcomes are seen in centers performing less than 25 liver transplants per year 
and less than 20 split-liver grafts per year for those doing living donor liver transplantation 
(Adam et al., 2000).  

4.2 Retransplantation 

Retransplantation occurs more frequently following emergent OLT (13%) compared to 
elective OLT (7%). The cause of graft failure is usually secondary to acute cellular rejection, 
primary graft nonfunction, or intrahepatic biliary strictures, all of which may be related to 
the quality of graft used or the use of an ABO incompatible graft (Adam et al., 1991; Farges 
et al., 1995; Gugenheim et al., 1990).  

5. Quality of life 
Overall, the quality of life and long-term survival among ALF transplant survivors is good, 
but some differences have been identified. When ALF patients were compared to a matched 
control group who had undergone OLT for chronic liver disease, both groups complained of 
memory difficulties but more ALF patients complained of concentration difficulties and as a 
group scored lower on neuropsychological tests (Jackson et al., 2002). The King’s College 
group initially sent out questionnaires to small sample of ALF and chronic liver disease OLT 
recipients about 2-3 years following surgery. The ALF patients tended to be younger (35 vs. 
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59 years), so age may have influenced results. More ALF patients were employed or were in 
full-time education (50 vs. 26.5%). The mental health scores were slightly lower for those 
who had ALF (68 vs. 79; p=0.022), which was attributed to the fact that the ALF recipients 
did not undergo typical preoperative education and psychological support prior to OLT. 
There was no significant difference in parasuicide quality of life scores between the two 
groups (Sargent et al., 2006).  

ALF patients scored slightly lower in the physical function and role emotion areas 
compared to normal values, but the values were similar to those who were transplanted for 
chronic liver disease (Sargent et al., 2006). When more carefully interviewed, six ALF 
recipients described significant physical inactivity and fatigue for the first 3-6 months 
following OLT due to weight loss and loss of muscle tone. They also noted a health 
transition lasting between 3-6 months, during which time dependence on others was 
present. Pretransplant lifestyles were changed in order to regain independence. Support 
groups or role models were deemed extremely helpful in coping with the ordeal. The 
majority felt that they had been given a “second chance at life” and were willing to 
reciprocate support to other going through the same process (Sargent et al., 2007).  

Following spontaneous recovery, ALF patients with psychiatric illness who had taken a 
deliberate APAP overdose are at risk of repeated overdoses. Risk of repeated overdose 
appears to be less common; however, if the patient was transplanted, perhaps due to the 
intensity of postoperative care. In two series from the United Kingdom, APAP-ALF patients 
who underwent OLT showed similar long-term survival (median 5 years and 9 years) 
compared with patients transplanted for chronic liver disease (Cooper et al., 2009; Karvellas 
et al., 2010). Less than 5% of those transplanted for APAP overdose reattempted overdose. 
There was worse 30-day mortality for the APAP-ALF patients, and a greater probability of 
post-OLT medical nonadherence and adverse events in those who had taken APAP for 
deliberate self-harm compared with both non-APAP-ALF patients and chronic liver disease 
patients (Cooper et al., 2009).  

6. Future directions 
Hepatocyte transplantation has been studied predominantly in patients with chronic 
metabolic disorders. There is evidence, however, that partial liver engraftment is possible 
and there may be improvement in neurological status, as noted in small groups of patients 
with ALF who have undergone hepatocyte transplantation (Bilir et al., 2000; Habibullah et 
al., 1994; Strom et al., 1997). Xenotransplantation is an intriguing concept and porcine livers 
have been used for ex vivo perfusion but in vivo use has not yet proven effective due to 
problems with transspecies rejection. Bioartificial livers and extracorporeal liver assist 
devices (ELAD) have been used to bridge patients to transplantation and have 
demonstrated improved neurologic outcomes. There are two cell-based devices. One uses 
porcine hepatocytes and did not show survival advantage in one large multicenter study 
and another uses hepatoblastoma cells which was noted to decrease severity of 
encephalopathy without change in survival in one study (Demetriou et al., 2004; Ellis et al., 
1996). Non-biological systems also exist such as albumin dialysis (MARS) and 
plasmapheresis, and no survival advantage was found on meta-analysis (Khuroo et al., 
2004).  
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7. Conclusion 
Many advances have occurred that have significantly improved outcomes following 
transplantation for ALF. Prognostic models are helpful, but they are not entirely predictive 
of which individuals need OLT and which will survive without OLT. In the setting of organ 
shortage, alternatives to conventional OLT are being increasingly used, including living 
donor split grafts, ABO incompatible grafts, and auxiliary grafts, with variable outcomes. 
The risks and benefits to both the donor and the recipient must be considered. Long term 
outcomes and quality of life for both donors and recipients are good but prolonged 
monitoring may be helpful to identify those in distress. Newer technologies are being 
developed and enhanced to improve short term and long term survival after acute liver 
injury. 
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1. Introduction  
Hepatocellular carcinoma (HCC) is the third most common cause of cancer mortality 
worldwide and accounts for 20% of all liver transplants (Wigg, 2010). Its incidence has 
increased two fold in the last decade and it is the fifth leading cause of cancer in males. The 
availability of liver transplantation as a cure for chronic liver disease and the demonstration 
of outcomes exceeding 70% at 5 years after transplantation for HCC have pushed the field to 
refine this therapy in order to utilize this precious resource in the most effective, fair and 
safe manner. The combination of a rising incidence of HCC and a flat donor procurement 
rates has resulted in longer waiting times in many areas. The complex decision making and 
management issues of patients with HCC, cirrhosis and possibly undergoing oncological 
therapies while waiting for an organ transplant poses challenges to the management team, 
not encountered in any other clinical or surgical field. 

2. Epidemiology 
Hepatocellular carcinoma (HCC) accounts for 85% to 90% of the primary liver cancers (El-
Serag & Rudolph, 2007). The alarming results of epidemiologic studies performed over the 
last 2 decades have raised awareness, and shed light on its magnitude as a public health 
problem. Hepatoma is the fifth most common cancer worldwide, accounting for roughly 4% 
of all the new cancers diagnosed. It is currently the third most common cause of cancer-
related death in the world (Altekruse, 2009; Parkin, 2005). Recent data presented by the 
Center for Disease Control and Prevention has liver cancer listed as the ninth leading cause 
of cancer-related deaths in the United States. In addition, hepatocellular carcinoma has 
become one of the fastest growing causes of malignancy-related death in this North 
American country, and its overall age-adjusted incidence has also significantly increased 
over the last 20 years (El-Serag & Rudolph, 2007).  

The incidence of hepatocellular carcinoma differs depending on aspects such as geographic 
location, sex, age, race and ethnicity, environmental exposure to certain agents, as well as 
presence of other risk factors. In general, it has been clearly established that the vast 
majority of the cases of hepatocellular carcinoma occur in the setting of cirrhosis arising 
from chronic liver disease with approximately 80% of the cases due to chronic hepatitis B 
and hepatitis C infection (Perz, 2006). Sub-Saharan Africa and Eastern Asia, which are 
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endemic areas for hepatitis B, are considered among the regions with highest rate of 
hepatoma. The incidence for men is as high as 35.5/100,000 in China, where more than 50% 
of all hepatocellular carcinomas occur (El Serag & Rudolph, 2007, as cited in Parkin, 2002). 
Interestingly, a downtrend in the rate of hepatocellular carcinoma has been seen in several 
high risk Asian countries. The success of vaccination programs against hepatitis B may be 
one of the main factors contributing to this decrease (Chang et al., 2009). In contrast to most 
other Asian countries, Japan’s incidence of primary liver cancer is associated to chronic 
hepatitis C infection which came about after the rampant spread of this virus during the 
post-World War II years (Yoshizawa, 2002). Recent studies suggest that this incidence is also 
now decreasing (Tanaka et al., 2008). 

The rates of primary hepatic cancer in areas that are considered low risk are well below 10 
per 100,000. These include most of Europe, North and South America, Australia and New 
Zealand (Bosch, 2005). The risk factors for hepatoma in these geographic locations are 
somewhat different to Sub-Saharan and Asian countries with hepatitis C, alcohol and 
nonalcoholic fatty liver disease playing a pivotal role. In the United States, for example, the 
aging large population of chronic hepatitis C infected patients that progress to cirrhosis has 
caused a disturbing increase in the incidence of hepatocellular carcinoma over the last two 
decades (Davila, 2004, Kanwal, 2011). This trend has also been seen in other developed 
nations. In addition to the effect of chronic hepatitis C-related cirrhosis, these countries are 
experiencing growing problems with heavy alcohol consumption, as well as diabetes and 
obesity which are associated to nonalcoholic fatty liver disease, and could all lead to 
cirrhosis and liver cancer (Nordenstedt, 2010). 

2.1 Age and sex 

The rate of hepatocellular carcinoma is higher across the board in males than females. This 
has been well documented in multiple registries that looked at different populations 
affected by this cancer (Bosch et al., 2005). In general, the male to female ratios range 
between 2:1 and 4:1, with the larger variation seen in regions with higher and intermediate 
incidence of hepatoma. Interestingly, the discrepancy in rates is up to 5:1 in France (El-Serag 
& Rudolph, 2007). The grounds for this global disparity between men and women are not 
well understood, but several theories exist linking this phenomenon to differences in sex-
specific exposure to risk factors such as viral hepatitis, alcohol, and tobacco (Donato, 2002). 
The trophic effects of androgens have also been implicated (Yu et al., 2001). 

Hepatocellular carcinoma most commonly occurs in the presence of cirrhosis as a result of 
long standing chronic liver disease. In general, the process of inflammation and fibrosis that 
leads to cirrhosis usually takes many years, although it could be accelerated when more 
than one risk factor is affecting an individual. As a result, most cases of hepatoma are seen 
in older patients. The age at which the incidence of primary liver cancer peaks in high risk 
areas is typically lower than in areas of lesser risk, 50 to 60 years old and 70 to 75 years old, 
respectively. However, it is not uncommon to see hepatocellular carcinoma affecting people 
ages 20 to 35 in geographic locations of high incidence, and where factors such as chronic 
hepatitis B and aflatoxins, an environmental toxin and carcinogen, are endemic. Vertical 
transmission of hepatitis B with over 90% chronicity of infected persons, and early constant 
exposure to aflatoxins in these areas contribute to the earlier incidence of hepatoma (Bosch, 
2005).  
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2.2 Race and ethnicity 

The racial and ethnic variations seen in the incidence of hepatocellular carcinoma are 
influenced by the geographic distribution of this malignancy. Accordingly, the higher 
incidence is seen in individuals from Africa and Asia. The migratory patterns of populations 
moving from intermediate and high risk areas into developed countries, has contributed to 
change the frequency of primary liver cancer not only globally, but within people living in 
the same region. In the United States, for example, the highest age-adjusted rates of 
hepatocellular carcinoma are seen in Asians for both sexes (El-Serag & Rudolph, 2007). This 
group is followed in occurrence by Hispanics, African Americans and Caucasians. The 
marked growth in the Hispanic population over the last decade, making it the largest 
minority in the United States has also had an impact in the liver cancer demographics in this 
North American nation (El-Serag, 2007).  

2.3 Risk factors 

Several factors have been associated to hepatocellular carcinoma, being the most relevant 
viral hepatitis, alcohol, exposure to toxins and nonalcoholic fatty liver disease. In general, 
any etiology that causes chronic liver disease and that could lead to cirrhosis is a potential 
risk factor for primary liver cancer. It must be noted that hepatoma can very infrequently 
occur in the absence of cirrhosis as is the case of some individuals with chronic hepatitis B.  

2.3.1 Viral hepatitis 

Viral hepatitis, in particular chronic hepatitis B and C, account for over 80% of the cases of 
primary hepatic cancer. The degree of connection of these two viruses to hepatocellular 
carcinoma varies depending on the region being evaluated. Most of the hepatitis B-related 
hepatoma cases are seen in Africa and Asia, whereas most of the hepatitis C-related cases 
are seen in Europe, the United States and Japan (Bosch et al., 2004). Donato et al. and Shi et 
al. showed in their respective meta-analysis that chronic hepatitis B and C infection carry a 
significant risk for hepatoma. This risk was higher in co-infected patients with an odds ratio 
of 165 and 35.7 in their respective studies (Donato, 1998; Shi, 2005). Individuals with 
hepatitis B e antigen positivity have also shown to have an increased risk for primary liver 
cancer with a relative risk of 60.2 compared to a relative risk of 9.6 in those that are hepatitis 
B e antigen negative (Yang, 2002). Similar observations apply to those who have high 
hepatitis B DNA levels. In recent times, the improved antiviral therapies against hepatitis B, 
and the successful vaccination programs have helped lower the incidence of hepatocellular 
carcinoma particularly in what are considered endemic areas for hepatitis B (Chang et al., 
1997; Sung, 2008). 

The incidence of hepatitis C-related hepatocellular carcinoma has not seen the same 
encouraging trend that is been observed in hepatitis B-related cases. This is probably due to 
the interplay of numerous factors that include the natural history of the hepatitis C virus 
infection, host responses, age at the time of infection, co-morbidities, and alcohol 
consumption, to name a few. Approximately 15 to 20% of the chronic hepatitis C-infected 
individuals will develop cirrhosis over a period of 25 to 30 years from the time of infection 
(Thein, 2008). In developed countries such as the United States, the majority of the infections 
occurred from the late 1960s to the 1980s, thus in part explaining the rising number of 
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persons that are being diagnosed with hepatitis C-related cirrhosis over the last couple of 
decades (Davis, 2010). Hepatocellular carcinoma develops in this population at a rate of 1 to 
4% per year, a worrisome statistic considering the escalating numbers of persons diagnosed 
with hepatitis C-related cirrhosis.  

2.3.2 Alcohol 

Alcohol consumption has also been linked to primary liver cancer. Mechanisms for direct 
toxic or carcinogenic effect have not been well-recognized, but it is clear that extended 
periods of heavy ingestion of more than 60g per day increment the risk for hepatoma. The 
synergistic effects of alcohol in the presence of hepatitis B or C or both have been 
established, and seem to have a greater impact in the risk to develop hepatocellular 
carcinoma (Donato et al., 2002). 

2.3.3 Aflatoxin 

A connection between the environmental exposure to aflatoxin, a mycotoxin produced by 
Aspergillus fungus, and primary liver cancer has also been documented. The chronic dietary 
exposure to high levels of this toxin is seen predominantly in developing countries, where 
hepatitis B is also prevalent. It has been postulated that the overall contribution of aflatoxin 
exposure to hepatocellular carcinoma cases worldwide is between 5 and 28% (Y. Liu 2010). 
However, taking into account that hepatitis B infection seems to play a much greater role in 
the risk of development of hepatoma in these developing countries, the true contribution of 
aflatoxins is considered minimal. It appears that the mechanism by which this toxin has 
carcinogenic effects is by causing mutations in the p53 tumor suppressor gene (Gursoy-
Yuzugullu, 2011). 

2.3.4 Nonalcoholic fatty liver disease 

Nonalcoholic fatty liver disease is the most common form of chronic liver disease in 
developed countries. When aggressive, this disease can progress to cirrhosis and 
hepatocellular carcinoma. The alarming obesity epidemic affecting many of these nations, 
and components of the metabolic syndrome in particular insulin resistance and diabetes, are 
factors associated with the development of this chronic disease. These factors by themselves 
have also been related to an increased risk of primary liver cancer (Calle, 2003; El-Serag, 
2004). Considering our current understanding of its rising prevalence, nonalcoholic fatty 
liver disease could also be responsible for a significant number of the idiopathic or 
cryptogenic cirrhosis cases as well as the cryptogenic cirrhosis-related hepatoma cases that 
are seen in industrialized countries (Bungianesi, 2002). Recent studies have shed some light 
of the molecular mechanisms by which fatty liver and obesity could eventually lead to 
hepatic cancer (Beyazit, 2010; Park et al., 2010; Wree, 2011). 

3. Staging systems for HCC 
One of the most fundamental steps in the field of Oncology once the diagnosis of cancer has 
been established is to determine the stage of this malignant process. This step is very 
important as it provides information about overall survival and prognosis, and could help 
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guide treatment strategies. The ideal staging system for hepatocellular carcinoma is one that 
has high discriminatory ability while remaining simple (Dohmen, 2004).  

Many staging systems for hepatoma have been developed and presented in reputable 
medical journals and conferences. Nonetheless, more studies are constantly being published 
comparing these models, showing results of modifications made to some of these systems or 
simply introducing new staging classifications into this already complex field that tries to 
find the most accurate measure of prognosis and survival. The difficulty of coming up with 
a globally accepted staging system is related to multiple factors. One of the main causes for 
the current discrepancies is that the risk factors and their contribution to the development of 
primary liver cancer vary from one geographic area to another (Marrero, 2010). Another key 
issue is that overall survival of individuals that are diagnosed with hepatocellular 
carcinoma is not only determined by the extent and characteristics of this malignancy, but 
also by the liver function of that individual. Considering that over 80% of the cases of 
hepatoma occur in the presence of chronic liver disease and cirrhosis, the role of liver 
function in a prognosis model cannot be ignored. However, there is disagreement as to 
which markers of liver function should be used or included in such models. The use of the 
available staging classifications differ from one center or institution to another. It depends 
on their experience, available resources, and the predominant manifestations and 
characteristics of hepatocellular carcinoma in their region. Some of the main and most 
studied staging systems will be described below. 

3.1 Tumor-node metastasis (TNM) system 

The tumor-node-metastasis (TNM) staging system is one of the earliest models developed, 
and has been widely used for different solid tumors. This system describes the anatomic 
extent of cancer by evaluating size of the tumor at the primary site as well as the presence or 
absence of tumor in regional lymph nodes or beyond (Greene & Sobin, 2008). This 
classification has been studied in populations with hepatocellular carcinoma to assess 
prognosis. In a recent Chinese study looking at 243 patients with hepatoma undergoing 
curative resection, TNM classification was better at prognostic stratification and prognostic 
prediction than other three models (Lu, 2008). Similar conclusions were drawn from another 
smaller study comparing the prognostic value of TNM to 6 other staging systems (S.B. Choi, 
2008). However, additional studies have shown no superiority to other staging 
classifications (Chen, 2007). There are some drawbacks to the use of this system in primary 
liver cancer. The main flaw is that liver function is not taken into consideration in this 
prognostic model. Another problem is that grading and pathologic staging cannot be 
assessed in the majority of the cases because very few patients with hepatoma undergo 
surgical therapies (Dohmen, 2004). 

3.2 Cancer of the Liver Italian Program (CLIP) 

The CLIP scoring system is another option available to evaluate overall survival in patients 
with hepatocellular carcinoma. This model combines Child-Pugh score, tumor morphology, 
alpha feto-protein (AFP) and portal vein thrombosis which were the four independent 
predictive factors of survival recognized in the multivariate analysis of the original 
retrospective study (Cancer of the Liver Italian Program [CLIP] Investigators, 1998). By 
tumor morphology the investigators meant percentage of parenchymal involvement (more 
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than or less than 50%) and if these were uninodular, multinodular or extensive tumors. 
Several subsequent studies with large patient populations have demonstrated its prognostic 
usefulness, including a recent study from Taiwan that compared this system to four other 
models in 1713 patients with primary liver cancer (Hsu, 2010; Ueno, 2001). A downside to 
this system is that its tumor morphology classification is too broad for the current practices 
of aggressive hepatoma screening in high risk populations. Nowadays, more patients are 
being diagnosed with very small tumors which could limit the use the CLIP score. This 
model has also been criticized for not discriminating well the cases of advanced stage (CLIP 
score 4-6), and for classifying most of the patients as early stage (CLIP 0-2), which hampers 
its stratification capacity (Dohmen 2004; Marrero et al., 2010). 

3.3 Japanese Integrated Staging (JIS) and biomarker-combined JIS 

In an attempt to also combine liver function and tumor characteristics in order to provide a 
more precise prognostic appraisal to patients with hepatocellular carcinoma, researchers in 
Osaka, Japan integrated the Child-Pugh score and the Japanese TNM staging to create the 
JIS system. In their evaluation of 722 cases with primary liver cancer, they concluded that 
compared to the CLIP score, their system was better stratifying patients and superior 
discriminating those cases that were in the early hepatoma phase. Statistically significant 
differences were seen for the lower JIS scores (Kudo et al., 2003). These findings suggest that 
this staging system could be more useful in regions where early detection of hepatocellular 
carcinoma has become more common. Other studies have found encouraging results of this 
model’s ability to predict survival (Chen, 2007; Kudo, 2004; Nanashima, 2005). The main 
disadvantage of the JIS classification is the inability to discriminate well the cases of 
advanced stage (JIS score >4). 

Biomarkers have been combined to the JIS system to determine if this modification enhances 
its prognostic value. The biomarker-combined JIS includes the assessment of the following 
three tumor markers for hepatoma: AFP, lens culinaris agglutinin-reactive AFP, and des-
gamma-carboxyprothrombin. This modified system was studied in 1,924 patients with 
primary liver cancer, and proved to be more effective predicting prognosis and stratifying 
patients than the conventional JIS model (Kitai, 2008). Although this was a large provocative 
study, this combined system needs to be tested in populations outside of the Asian region. 

3.4 Barcelona Clinic Liver Cancer (BCLC) staging system 

The Barcelona Clinic Liver Cancer staging system has one peculiarity that is not present in 
any of the other available prognosis models: it incorporates treatment recommendations in 
its staging algorithm. The independent predictors of mortality in the original studies were 
constitutional syndrome, performance status, vascular invasion, and extrahepatic spread 
(Llovet, 1999a, Llovet, 1999b). By combining in a simple format the evaluation of liver 
function, tumor stage, performance status, and cancer-related symptoms, and providing 
suggestions to the best available therapeutic modalities for any particular stage, the BCLC 
system has demonstrated better predictive value of prognosis and survival stratification 
when compared to several other staging systems (Cillo, 2004; Guglielmi, 2008). This 
classification has been gaining wide acceptance as the main staging model used in multiple 
countries, and supported by several well-respected liver societies. This is related in part to 
the fact that the BCLC has been externally validated in Asia, Europe and the United States 
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(Cillo, 2006; Marrero, 2005; J.H. Wang, 2008; Xu, 2010), which has not been accomplished by 
many of the other staging models. It is also the principal system used in major drug 
company trials. Some of the criticism to this model is that it includes the subjective factor of 
performance status, and portal hypertension measurement, which in clinical practice is not 
routinely done. It also does not provide a classification for patients with single tumors 
greater than 5 centimeters in diameter or for those with recurrent disease after treatment, 
situations not infrequently encountered by clinicians treating hepatocellular carcinoma 
(Sherman, 2011).  

There are many other classifications that have been developed to evaluate overall survival 
and prognosis. Some of these include the Okuda classification, the Chinese University 
Prognostic Index, the Advanced Liver Cancer Prognostic system, the Groupe d’Etude et de 
Traitement du Carcinome Hepatocellulaire score, to name a few. Initial studies for several of 
these models have shown some prognostic value, but they all need further validation in 
larger more diverse populations.  

4. Workup of the patient with diagnosis of HCC 
4.1 Imaging studies 

The key radiographic feature of hepatocellular carcinoma is the presence of arterial 
enhancement and venous washout in contrast enhanced imaging studies (Bruix & Sherman, 
2010). The clinical staging of this cancer requires radiologic tests that would provide the 
finest of details about its gross morphology and extent of involvement. This information will 
be crucial to direct therapeutic decisions and to provide a better estimate of prognosis to the 
patient.  

Liver transplantation is one of the curative treatment options for early stage hepatocellular 
carcinomas that meet specific criteria. Careful assessment with imaging studies helps select 
the most suitable candidates for this treatment option. Particular attention is paid to tumor 
size, the number of lesions, any presence of vascular invasion, as well as evidence of distant 
metastasis. The most common sites of extrahepatic metastasis are the lungs, abdominal 
lymph nodes and bones (Katyal, 2000). 

Groundbreaking technological advances in computer tomography (CT), magnetic resonance 
(MR), ultrasonography, and other imaging modalities have been studied to determine their 
significance in the workup patients with primary liver cancer. Ultrasound has its merit in 
screening for hepatomas as it is noninvasive, offers no radiation exposure, is readily 
available in most centers, and is inexpensive compared to other imaging techniques. 
Unfortunately its sensitivity is not satisfactory in cirrhotic patients, and lesions can be 
missed (Kim, 2011). Nonetheless, the corner stones and only accepted techniques for staging 
hepatocellular carcinoma before liver transplantation are contrast-enhanced CT or MR (J.M. 
Lee, 2011). 

4.1.1 Computer tomography (CT) 

Computed tomography has proven to be a great tool for the evaluation of hepatocellular 
carcinoma in affected patients. It is also commonly the test of choice when looking for 
extrahepatic metastatic disease. The improvements in the scanners, their resolution as well 
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as the intravenous contrast material used in these studies, has improved the detection of this 
hepatic malignancy (B.I. Choi, 2010). The use of multidetector CT scans, for example has 
markedly highlighted the hypervascular characteristics of hepatomas which were not as 
evident in earlier CT scan technology (K.H. Lee, 2004). The sensitivity of CT scans has 
increased due to these advances. However, some studies have shown that the improved 
accuracy of this imaging technique is more apparent in the detection of larger tumors with 
classic radiographic features, and when the studies are interpreted by more experienced 
radiologists (Addley, 2011). It seems that in the setting of cirrhosis and when the lesions are 
smaller than 1 centimeter in diameter, CT has difficulties over and underestimating the 
diagnosis of hepatocellular carcinoma (Luca, 2010; Ronzoni, 2007). Similar observations 
have been shown in large and experienced liver transplant centers were the false positive 
diagnosis rate of primary liver cancer has been reported as high as 8%, and predominantly 
seen in lesions that were between 0.75 and 1.5 centimeters in diameter (Brancatelli, 2003). 
Perhaps the continued progress in the field of computed tomography might some day better 
characterize these small lesions. 

4.1.2 Magnetic resonance (MR) 

Magnetic resonance imaging provides another suitable option in the staging of 
hepatocellular carcinoma during the liver transplantation workup. There is ample evidence 
that attests the important role of MR in the diagnosis and description of hepatomas. The 
development of faster MR techniques has contributed to obtaining multiphase intravenous 
contrast-enhanced images that capture with more detail the hypervascular characteristics of 
this cancer. One of its most important attributes is its superior ability for the detection of 
small liver tumors, particularly those less than 2 centimeters in diameter (Burrel, 2003; Colli, 
2006; Golfieri,2009, D.H. Lee, 2009,). Given the reported higher sensitivities and accuracy 
detecting these malignant lesions with the newer MR techniques and contrast agents, many 
transplant centers have adopted MR as their study of choice when evaluating potential 
transplant recipients with cirrhosis. One cannot forget that as in the case of CT scans and 
other imaging modalities, the detection and characterization of hepatocellular carcinoma 
could also be in part influenced by the experience of the radiologists interpreting these 
studies. MR use is limited in the setting of patients that have certain types of metallic 
medical implants or other devices, and on those who are claustrophobic or cannot hold their 
breath. Recently, gadolinium contrast has also been linked to nephrogenic systemic sclerosis 
which also limits the use contrast-enhanced MR in patients with significant renal failure, a 
not uncommon situation in the cirrhotic patient population (Idee, 2009). Nonetheless, the 
current available evidence has MR as the clear frontrunner in the search for the best imaging 
modality for diagnosing and characterizing hepatocellular carcinoma. 

4.1.3 Contrast enhanced ultrasound (CEUS)  

Contrast-enhanced ultrasonography’s (CEUS) capability of detecting vascular liver lesions, 
particularly hepatomas, has been studied and shown some promise (Forner, 2008; Jang, 
2007). This modality has even demonstrated remarkable sensitivities and accuracy of 87 and 
93% respectively, for diagnosing liver cancer in lesions less than 2 centimeters in diameter 
(Jang, 2009). Other studies have looked at its utility characterizing portal vein thrombosis as 
malignant or benign. This differentiation is critical as it has major implications for those 
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patients being evaluated for liver transplantation. When compared to spiral CT for the 
detection and characterization of portal vein thrombosis in 50 patients with hepatocellular 
carcinoma and biopsy-proven portal vein thrombosis, CEUS outperformed CT by detecting 
100% of the thrombi and correctly characterizing 49/50 (98%) of them. CT modality detected 
and correctly characterized 68% of these portal vein thrombi, respectively (Rossi, 2008). 
CEUS has also demonstrated to be as valuable when compared to biopsy for the assessment 
of the benign or malignant nature of these thrombi (Sorrentino, 2009). Major drawbacks of 
this modality are that CEUS is still not available in many countries, and that it is operator 
dependent. 
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include a chest CT to their protocol to evaluate for lung and lymph node metastasis of 
hepatoma patients being considered for transplantation (United Network for Organ Sharing 
[UNOS], 2010). Bone is the other preferred site of spread, and although UNOS had included 
bones scans in the policies implemented in the 1990s, in light recent evidence provided by 
several studies, this decision was amended in their most recent liver allocation statements. 
The significant number of false positive or indeterminate results obtained with this modality 
is a major disadvantage, as well as the costs incurred for a study that has little impact in the 
selection of patients given its negligible true-positive yield (Koneru, 2005; Sheth, 2005). 

The role of positron emission tomography (PET) has also been studied in patients with 
hepatocellular carcinoma. In general, the sensitivity of this modality for detection of 
hepatoma that is less than 5 centimeters in diameter has been low (Trojan, 1999; Wolfort, 
2010). PET may have some utility identifying extrahepatic metastasis, but the data available 
is not strong and sufficient enough to widely recommend this practice (Yoon et al., 2007). 

4.2 Biopsy 

The use of liver biopsies in the setting of hepatocellular carcinoma is controversial. The 
radiological advances that have taken place over the past decade have markedly improved 
detection and characterization of this malignancy, thus reducing the need for liver biopsies 
to confirm the diagnosis. The United Network for Organ Sharing has stated in its liver 
allocation policy that biopsy is not mandatory in cirrhotic liver transplant candidates with 
hepatoma as long as the lesion meets imaging criteria (UNOS, 2010). As a result, liver 
biopsies are now reserved to situations in which the lesion’s radiographic studies are not 
showing the typical features of enhancement in arterial phase and washout in portal venous 
phase. This rule applies to tumors greater than 2 centimeters in diameter lacking classic 
features in one imaging modality, and to lesions between 1 and 2 centimeters in diameter 
with atypical radiographic characteristics in two different imaging modalities (Bruix & 
Sherman, 2010). 

Pathologic staging of hepatocellular carcinoma is established the majority of the time after 
surgery (resection or transplantation), whereas clinical staging predominantly relies on 
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imaging studies and is done before the treatment is decided. Some groups advocate 
obtaining a pretransplant liver biopsy to exclude candidates with poorly differentiated 
tumors and to identify patients that might need more aggressive bridging therapy. Dubay 
and colleagues evaluated this and found that in patients exceeding Milan criteria (single 
tumor not greater than 5 centimeters in diameter or up to 3 tumors none larger than 3 
centimeters in diameter) there was a significant increase in overall 5-year survival (61% 
versus 79%, p=0.03) after the introduction of pretransplant liver biopsies and the use of 
aggressive bridging therapies (Dubay, 2011). The authors of this study conclude that tumor 
differentiation might be a more important predictor of biologic behavior than other factors 
such as size, total tumor diameter, multifocality, and microvascular invasion.  

Performing liver biopsies in any patient population carries risks that although small, are not 
negligible. While pain is the most common complication, bleeding is the most feared and 
important complication. Severe bleeding events requiring hospitalization and other 
interventions occur anywhere from 1 in 2,500 to 1 in 10,000 in patients with diffuse, nonfocal 
liver disease (Rockey, 2009). However, the bleeding risk may be higher in cirrhotic patients, 
who usually have some degree of coagulopathy and thrombocytopenia. Similar increased 
risk could be expected in cirrhotic individuals in whom a highly vascular lesion such as 
hepatocellular carcinoma is being percutaneously biopsied (Huang, 1996). Tumor seeding 
along the needle track after biopsy has also been reported as a complication in this 
population (Dubay, 2011; Huang, 1996; Schotman, 1999; Sood, 2002). A recent systematic 
review and meta-analysis showed that the overall incidence of needle track tumor seeding is 
2.7%, or 0.9% per year (M.A. Silva, 2008). These statistics are probably not too high because 
biopsy of primary hepatic cancer is not a common practice nowadays. However, the risks 
and benefits of biopsying a liver lesion must always be carefully weighed. This procedure 
should be reserved to instances when there is reasonable doubt about the diagnosis of 
hepatoma.  

4.3 Criteria for liver transplantation 

The field of liver transplantation has gone through many transformations since its early 
days. Over time this surgical procedure evolved from being a treatment option mostly for 
individuals with irreversible severe liver dysfunction from any acute or chronic illness to 
also a providing a proven curative alternative for patients with early stage hepatocellular 
carcinoma. Currently, the success rate and outcomes seen in this subset of liver transplant 
recipients is similar to that of recipients who underwent transplantation for indications 
other than hepatoma. This is in great part due to the knowledge and understanding obtained 
from outstanding clinical studies published over the last 20 years (Bismuth, 1993; Figueras, 
1997; Iwatsuki, 1991; Mazzaferro, 1996; Tan, 1995). These studies have paved the way to the 
creation of the criteria for liver transplantation and guidelines that are used today. 

4.3.1 Milan criteria 

The Milan criteria are at the present time the accepted and recommended measure to 
determine the liver transplantation candidacy of patients with hepatocellular carcinoma. 
This criteria described in a landmark paper by Mazzaferro and colleagues, demonstrated 
that in patients with cirrhosis and a single tumor up to 5 centimeters, or up to three lesions 
none larger than 3 centimeters, and with no evidence of extrahepatic spread or 
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macrovascular invasion the 4-year post-transplant survival was similar to that of recipients 
transplanted for reasons other than liver cancer (Mazzaferro, 1996). These findings of greater 
than 70% survival rate gave a second chance to the previously aborted efforts of 
transplanting cirrhotic patients with primary liver cancer. The United Network for Organ 
Sharing endorses these criteria, and adopted them for their liver allocation policies of 
patients with hepatocellular carcinoma (UNOS, 2010). Despite being validated by many 
studies, some believe that the Milan criteria are too restrictive and exclude a subset of 
patients with hepatoma that could have excellent outcomes if were transplanted (M.F. Silva 
& Sherman, 2011).  

4.3.2 University of California, San Francisco (UCSF) criteria 

Several groups have carried out studies in an effort to determine if patients with 
hepatocellular carcinoma exceeding Milan criteria could have similar survival and 
recurrence-free rates than those within the criteria. Yao and his colleagues from the 
University of California, San Francisco (UCSF) were the first to challenge the parameters set 
by the Milan criteria. In their retrospective study, cirrhotic patients with a single tumor up 
to 6.5 centimeters, or up to three lesions none larger than 4.5 centimeters, and total tumor 
diameter of no more than 8 centimeters had a 1-year and 5-year overall survival of 90% and 
75.2%, respectively (Yao, 2001). The UCSF criteria were validated by the same group when 
they prospectively demonstrated comparable recurrence-free survival between the patients 
meeting Milan criteria and those meeting UCSF criteria (Yao, 2007). Unfortunately, data 
about overall 5-year survival was not included in that study.  

4.3.3 Other criteria 

Following the thought provoking findings of UCSF’s study, other groups have also 
ventured into pushing the limits set by the Milan criteria without compromising overall 
patient survival and hepatoma recurrence rate. However, several shortcomings affect the 
validity of these studies. Most of them are retrospective studies, many do not clearly define 
the size of the tumors, in particular the upper limits, and others have small number of 
patients to provide convincing and significant findings. In contrast, the results of a recent 
well-designed, prospective, multi-center study from UNOS region 4 support the belief that 
liver transplantation could benefit patients whose hepatocellular carcinoma exceed Milan 
criteria. UNOS region 4 criteria showed patient, allograft and recurrence-free survival to be 
similar between patients meeting Milan criteria and those meeting their suggested criteria 
which consists of one lesion up to 6 centimeters, up to three nodules none larger than 5 
centimeters, and a total tumor diameter less than 9 centimeters. It will be interesting to see if 
the data from their 5-year follow up still shows comparable survival rates (Guiteau, 2010). In 
general, the encouraging results seen from many of the extended criteria studies have 
stimulated the discussion about amending the current selection criteria to include this 
subgroup of liver cancer patients that could also benefit from transplantation. 

5. Bridging therapies 
Due to the aggressive nature of HCC, liver transplantation is of paramount importance in 
the eradication of HCC and cirrhosis, as it results in a 5-year overall survival of 70% and a 
recurrence rate of less than 15% among patients whose HCC falls within established criteria  
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(Decans, 2005; Wigg, 2010). However, fewer than 25% of all patients with HCC qualify for 
liver transplants. Due to an organ shortage, the average wait period for a liver transplant is 
6-9 months. Increased waiting time for HCC patients increases the risk for tumor 
progression, even with priority listing, and waiting list drop-out, which is defined as 
withdrawal from the transplant waiting list due to death; tumor progression; or reasons 
such as becoming too ill for transplantation (Majno, 2010). The dropout rate for HCC 
patients on the waiting list is 8.7%, 16.9%, and 31.8% at 90, 180, and 365 days respectively. 
As the doubling time for HCC is approximately 6 months without treatment (Lee, 2007), 
increased waiting time for transplantation is problematic, and Model for End-Stage Liver 
Disease (MELD) exception points have been implemented to combat this issue. Since the 
institution of the MELD system in 2002, transplant candidates with HCC are applicable for 
listing prioritization via MELD exception points. Patients with HCC within Milan criteria 
(MC) and in some regions, San Francisco criteria, are granted a MELD exception of 22, 
followed by upgrades to 25 and 28 every 3 months provided that their tumor burden 
remains within range. MC is defined as 1 lesion ≤ 5 cm or up to 3 lesions ≤ 3 cm. Exception 
points result in shorter time to transplant – in 2007, approximately 62% of patients 
nationwide underwent transplantation within 3 months of receiving exception points for 
HCC (Yao, 2008). However, this system can be controversial, as some believe that tumors do 
not adequately degenerate between the time of ablative therapy and transplantation and 
that it is safer to wait 6 months after bridging before the patient is transplanted (Roberts, 
2010). Others argue that tumor size limits are excessively exclusive and that Milan criteria 
should be expanded to include a larger tumor burden (Yao, 2008). While patients wait for 
transplant, loco regional ablative therapy, or bridging therapy, in the form of modalites such 
as Transarterial Chemoembolization (TACE) and Radiofrequency Ablation (RFA) is often 
employed with the goals of decreasing the waiting list dropout rate; decreasing the rate of 
tumor recurrence post transplant; and increasing long term survival after transplant (Lee, 
2007). The BCLC staging and treatment strategy incorporates the different ablative therapies 
in patients with early stage (0); early stage (A); and intermittent stage (B) HCC.  

5.1 Goal of ablative therapies 

Bridging therapy for HCC serves the following roles: 1) to downstage HCC in patients 
whose tumor burden is outside MC to make the patient transplantable; 2) to prevent disease 
progression in patients within MC as they await transplant; and 3) to provide palliative and 
curative therapy in patients who are not OLTx candidates (Table 1). Bridging therapy can 
also improve the results of transplantation by excluding patients with recurrent disease or 
unfavorable tumor biology (Majno, 2010). An example of an integral management of HCC is 
shown in Graph 1. 

Downstaging to Milan/ UCSF criteria 
Prevent disease progression on the wait list 
Prevent dissemination during liver manipulation at transplant surgery 
Tumor therapy in non transplant/ non surgical candidates 
Palliative therapy 

Table 1. Goal of bridging therapies 
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NO

Laparoscopic or open 
resection

 
Graph 1. HCC Management algorithm at The Liver Institute at Methodist Dallas 

5.2 Transarterial chemoembolization (TACE) 

Of all bridging therapies, TACE is the most validated and widely studied. TACE consists of 
occluding blood supply to the tumor or tumors and delivering a chemotherapy agent to the 
tumor via a branch of the hepatic artery which specifically supplies the tumor. During 
TACE, a chemotherapy agent such as doxorubicin or cisplatin in combination with lipiodol 
is injected, followed by an agent such as Gelfoam to occlude the tract. An advantage of 
TACE is that its use results in a high concentration of chemotherapy to the tumor or tumors; 
also it is useful in downstaging tumors larger than 3 cm (Pompili, 2005). A disadvantage of 
TACE is that it is less tolerated among patients with severe hepatic decompensation, such as 
in patients with ascites and impaired coagulopathy. Also, it is contraindicated in patients 
with portal vein thrombosis. A meta-analysis of several studies showed a median survival of 
20 months with arterial embolization. In one study of 61 patients, the survival rate among 
those who received TACE at 1 and 4 years post transplant was 87.5% and 69.3%, 
respectively (Yao, 2008).  

5.3 Radiation ablation (RFA)  

In RFA, a radiofrequency (RF) probe containing an alternating current of approximately 500 
kHz and 131 degrees Fahrenheit, is inserted in or around a hepatic tumor via ultrasound 
guidance for approximately 4-6 minutes (Yao, 2008). Its mechanism of action is inducing 
thermal energy to the tissue via electromagnetic energy (Lee, 2007). Many centers use 
microwave ablation in contrast to RFA with similar or better results.In a study of 40 patients 
who underwent RFA, the rate of complete necrosis was 51.3% for nodules smaller than 3 cm 
and 14.3% for larger lesions (Pompili, 2005). In accordance with this study, TACE is 
perceived as more effective than RFA in treating lesions larger than 3 cm. The limitations of 
RFA are the anatomical location of the tumor, presence of large ascites, and multifocal HCC, 
in which cases it cannot be used. 
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5.4 Percutaneous Ethanol Injection (PEI) 

In Percutaneous Ethanol Injection (PEI), ultrasound guidance is used to deliver ethanol over 
4-8 sessions performed 1-2 times per week. Its mechanism of action is inducing local tumor 
necrosis as a result of cellular dehydration, protein denaturalization, and chemical occlusion 
of tumor vessels (Pompili, 2005). PEI is most effective in treating nodules <3 cm and is 
overall better tolerated than TACE. However, its major limitation is a high local recurrence 
rate, which can reach up to 43%. Other limitations include a long treatment time. Overall, 
RFA has better outcomes than PEI and is better tolerated. In one study, the overall 1-2 year 
survival rates were higher among patients treated with RFA versus PEI were 86% and 64% 
versus 77% and 43% respectively (Lencioni, 2010). PEI has similar limitations but less 
efficacy than RFA and is infrequently used in North America for treatment of HCC. 

5.5 Yttrium microspheres  

Treatment with Yttrium glass microspheres occurs when a catheter is placed in the hepatic 
artery and the Therasphere vial, which is comprised of silica containing Yttrium, is 
rapidly injected. The intent is to deliver 125–150 Gy (12,500 –15,000 rads) of radiation to the 
tumor or tumors. In a study of 65 patients treated from August 2000 to August 2003, 42 
patients (64.6 %) had a significant decrease in tumor size within 4 months. The median 
survival among Okuda stage I patients was 649 days in historical comparison to a median of 
244 days. The median survival among Okuda stage II patients was 302 days in historical 
comparison to a median of 64 days (Carr, 2004). A benefit of this procedure is that it is 
generally better tolerated than TACE. Drawbacks are potential radiation to other organ 
systems and elevated cost. Also, it is also contraindicated in patients with severe liver 
synthetic dysfunction. To be eligible for treatment, a patient must be relatively well-
compensated, with a bilirubin < 2.0 mg/dL, creatinine < 2.0 mg/dL, platelets > 60 K/L, a 
lung shunt < 16%, and ECOG performance < 2 (Carr, 2004). 

5.6 External Beam Radiation Therapy 

External Beam Radiation Therapy (EBRT) occurs when radiation is delivered to a tumor 
after the placement of fiducial markers, which are markers are implanted via sterilized 
needles under ultrasound or CT guidance. Some clinical reports have demonstrated 
response rates to EBRT ranging from 80-87.5 for small HCC. EBRT may achieve a 10-12 log 
decrease in tumor, compared to up to 6 logs associated with chemotherapy. An advantage is 
that EBRT can be delivered to multiple lesions regardless of the proximity of the tumor or 
tumors to major hepatic vessels or bile ducts. Another advantage is that it is less costly than 
procedures such as treatment with Yttrium glass Microspheres: an estimation of EBRT is 
$4,047 for treatment and consultation (Wigg, 2010).  

6. Surgical therapies for HCC 
6.1 Surgical resection for Hepatocellular carcinoma 

Surgical resection is contraindicated in patients with decompensated liver disease or Child’s 
B-C classifications. In patients with Child’s A cirrhosis and lack of portal hypertension, 
resection can be offered as an alternative to transplantation. The advantages of resectional 
therapy over liver transplantation include: no waiting time, no need for long-term 
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immunosuppression, can be offered to older patients, cost and transplant can be reserved as 
a salvage therapy. However, liver transplantation can cure not only HCC but also cures the 
cirrhosis in the remnant liver. Therefore, cancer recurrence in the remnant liver is a 
significant disadvantage for the resected patients. Poor prognostic factors identified after 
liver resection for HCC are microvascular invasion, positive margins and older age groups 
(>65 years old).When resection was offered to patients within Milan criteria, patients with 
solitary tumors (5 cm or less) had a significantly better 5-year survival rate of 70% versus 
46% in patients with 2-3 tumors less than 3 cm (Fan, 2011).In a meta-analysis of the medline 
database, the 1, 3 and 5 year survivals for liver resection of HCC were 80%, 55% and 37%, 
respectively. In the same study, liver transplantation for HCC carried a 1, 3 and 5 year 
survivals of 80%, 70% and 62%,respectively (Morris-Stiff, 2009).  

6.2 Salvage liver transplantation after liver resection 

The use of resection as a bridge to transplantation has been advocated as a way of solving 
the organ donor shortage, whereby transplantation is offered only to patients who develop 
an intrahepatic recurrence. In the United States, a national Consensus Conference on Liver 
Allocation for HCC, recommended that : 1- a recurrence more than 2 years after resection for 
HCC of any stage should be considered de novo, and to considered priority score for HCC if 
the lesion meets Milan criteria; and 2- a recurrence that presents less than 2 years after 
resection for a T2 lesion should be elegible for HCC priority score if the lesion meets Milan 
criteria (Pomfret, 2009). The largest series of salvage transplantation come from French 
centers with conflicting results: Adam et al (Adam, 2003) report a 5 year survival for salvage 
transplantation of 29% versus 58% for primary liver transplantation for HCC. In their series, 
the recurrence rate for liver resection was 77% but only 17% of patients were elegible for 
salvage transplantation.By utilizing a strategy that offers salvage transplantation for 
decompensated liver function and positive margins after resection, Belghiti et al ( Belghiti, 
2003) have shown a comparable 5 year survival for both salvage and primary liver 
transplantation of 59% and 61%, respectively. The use of resection as a bridge to 
transplantation may offer important histopathological information that can help identify 
and subselect patients best suited for transplantation but its application is limited by the fact 
that only a relatively small number of patients with hepatocellular cancer are candidates for 
liver resection. 

6.3 Laparoscopic resection for HCC 

In cirrhotics with preserved liver function and the absence of significant portal 
hypertension, the laparoscopic approach carries several benefits. Due to the smaller 
incisions, the collateral abdominal wall circulation is better preserved and an increase in the 
portal pressure is avoided. Intra-abdominal adhesions are decreased and successful salvage 
transplantation after laparoscopic resections have been reported (Laurent, 2009). The 
accepted criteria for laparoscopic approach include: single lesions in peripheral segments of 
the liver and less than 6 cm in size (Buell, 2008).Outcomes after laparoscopic resection for 
HCC range from 68 to 74 % 3-year survival (Chen, 2008).In Europe, the 1 and 3 year disease-
free survival after laparoscopic resection is 77.5% and 47.1%, respectively (Dagher, 2010); 
Pittsburgh reported an 88% and 82% disease-free survival at 1 and 3 years, respectively 
(Nguyen,2011). The option of laparoscopic or open liver resection for HCC should be 
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considered in the context of a multidisciplinary approach to the individual patient’s tumor, 
liver reserve and potential transplant candidacy. 

7. Liver transplantation for HCC 
7.1 Technical considerations of liver transplantation for HCC 

Patients undergoing liver transplantation for HCC do not usually have the same degree of 
liver dysfunction than their counterparts. This difference can be explained for example by 
the use of allocations systems such as the UNOS (United Network for Organ Sharing), 
where patients with HCC are prioritized based upon tumor criteria rather than the MELD 
score. As a result, patients undergoing liver transplantation for HCC can have a lesser 
degree of portal hypertension and the hepatectomy phase of the operation is usually less 
demanding (Table 2). For this reason, cell savers are usually not needed and should be 
avoided in case any tumor cells are present in the blood. From the technical standpoint, a 
few aspects should be considered. Every patient should have a recent staging no older than 
3 months when brought in for the transplant. A thorough evaluation of the abdomen and 
hilum should be performed prior to dividing vital structures and if needed, lymph node 
biopsies should be obtained to rule out the possibility of metastatic disease. The patients 
should be informed of the possibility of incidental metastatic disease and no patient should 
be transplanted with known metastatic disease as this represents a contraindication. The 
possibility of a back up recipient should be considered in cases where patients are 
transplanted with criteria exceeding Milan or when the imaging is suggestive of possible 
metastatic or multifocal disease. Because the hepatectomy involves significant manipulation 
of the liver, pre-transplant tumor therapies are considered to be ‘preventive’ in releasing 
cancer cells in the circulation and are encouraged as a mean to prevent early recurrence of 
HCC. The survival benefit of pretransplant locoregional therapies has been demonstrated 
for trans-arterial chemoembolization (Maddala, 2004) and radiofrequency ablation (Pompili, 
2005).  

Recent Staging imaging (within 3 months) 
Back-up recipient available 
No cell saver 
Explore abdomen and hilar nodes before dividing vital structures 
No caval preservation if tumor close to cava 
Dissect artery carefully in cases with prior embolization procedures and be prepared for 
vascular grafts 

Table 2. Basic technical principles in Liver Transplantation for HCC 

Several techniques are available for the implantation of the liver: veno-veno bypass, standard 
technique with clamp and sew, piggy-back technique and caval preservation with or 
without temporary portocaval shunt. Different techniques have been compared but no 
study has proven superiority of any particular technique over the others (Sakai, 2010; 
Gurusamy, 2011; Viera de Melo, 2011). The caval preservation technique (piggy-back) is the 
preferred technique at many centers but should be avoided in cases where tumors are close 
to the retrohepatic inferior vena cava or adjacent to the hepatic vein-caval confluence.  
In cases where pre-transplant therapies have been performed such as chemo- or radio- 
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embolization, the gastroduodenal artery has usually been embolized and significant arterial 
inflammation and fragility can be encountered for the arterial anastomosis. For this reason, 
arterial grafts should always be available as an alternative mean for reconstruction. The 
portal vein should be inspected for the presence of thrombus and frozen sections of any 
large or suspicious clot should be obtained intraoperatively as tumor thrombus is an 
ominous finding that portends a poor prognosis and is a contraindication for 
transplantation. 

7.2 Immunosuppressive strategies after liver transplantation for HCC 

The optimal immunosuppressive regimen for post-transplant HCC patients remains a 
subject of debate and research. In the patients transplanted for HCC within Milan criteria 
and without high risk features on explants’ pathology, i.e. poor differentiation, vascular 
invasion or tumor viability, most centers would use the individual program’s routine 
regimen. There is data favoring the use of mammalian target of rapamycin inhibitors 
(mTORi) as part of the immunosuppression of any patient transplanted for HCC, however 
this is not widely accepted practice. In a large study based upon the Scientific Registry of 
Transplant Recipients, 2,491 patients transplanted for HCC were compared to 12,167 
patients transplanted for non-HCC diagnoses. In this study, a multivariate analysis 
demonstrated improved survivals for patients transplanted for HCC and induced with anti-
CD25 antibodies or maintained with a sirolimus-based regimen (Toso, 2010). A more 
challenging clinical scenario comes up when patients present with high risk tumor features, 
when the liver explants’ pathology reveals a larger tumor burden than anticipated and 
when the recipient presents with tumor recurrence. The use mTORi and sorafenib has been 
studied as a potential combination against Ras pathway activation in the genesis of 
hepatocellular carcinoma (Newell, 2009).The use of Everolimus or Sirolimus in combination 
with Sorafenib has anecdotally been proven to control HCC recurrence (Wang, 2010; 
Kim,2011). A close coordination between the transplant and oncology teams should be 
exercised in this scenario in order to avoid life threatening side effects of the 
immunosuppressive therapy chosen. 

8. Outcomes of liver transplantation for HCC  
The outcomes of Liver Transplantation for HCC have improved dramatically due to the 
introduction of tumor size criteria. In the 1990’s, inferior outcomes after transplant were 
experienced due to recurrence of HCC leading to patient death. An influential observation 
was made by the Milan group in 1996 and resulted in the Milan criteria (Mazzaferro, 
1996).This study showed that patients with pretransplant radiological evidence of 2 to 3 
tumors ≤ 3 cm in diameter or a single tumor ≤ 5 cm in diameter had a 4 year recurrence free 
survival of 92% when the explant confirmed the presence of these criteria. The United 
Network for Organ Sharing in the United States adopted the Milan criteria for 
transplantation and many publications have confirmed the validity of restricting the tumor 
size and number. Increasing the number and/or size of transplantable tumors has raised the 
concern of transplanting a higher incidence of tumors with microvascular invasion, 
microsatellitosis and poor differentiation (Table 3). In 2001, The UCSF reported outcomes for 
70 consecutive patients transplanted at their center and followed for 12 years (Yao et al, 
2001). They identified poor survival in patients with pT4 tumors, total tumor diameter ≥ 8  
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cm, age > 55 years, poorly differentiated histological grade and an - fetoprotein level > 1000 
ng/ml. The survival rates after liver transplantation of patients meeting the UCSF criteria 
(solitary tumor < 6.5 cm, or < 3 nodules with the largest lesion < 4.5 cm and total tumor 
diameter < 8 cm) on pretransplant imaging was 90% and 75.2%, at 1 and 5 years, 
respectively. There has been some criticism to the original Milan criteria due to its restrictive 
nature and for disallowing other potential candidates with HCC who may benefit from 
transplant. In addition to the UCSF report, another study has demonstrated reasonable 
outcomes after liver transplantation for HCC. The Metroticket Study group has described 
the Up-to Seven criteria: seven is the result of the sum of size (in cm) and number of tumors 
for any given HCC (Mazzaferro, 2009). This complex statistical analysis demonstrated that 
patients who fulfilled the up-to seven criteria but had no microvascular invasion, achieved 
overall 5-year survivals of 71%. At the present time, the expected survival of Liver 
Transplantation for HCC at 5 years is 70% and most current allocation systems work under 
this goal (which equals transplantation for non HCC indications). The future may bring less 
restrictive allocation rules, as long as the long term benefit is not inferior to the current 
standards and as long as patients awaiting transplantation for other indications are not 
disadvantaged. 

Macro and Microvascular invasion 
Poor differentiation 
Microsatellitosis 
- fetoprotein level > 1000 ng/ml 
Tumors exceeding standard criteria (Milan, UCSF, Up-to-seven) 

Table 3. Poor prognostic factors in Transplantation for HCC 

9. Future therapies and challenges 
Primary prevention and detection via sophisticated imaging studies, such as MRI and CT, 
are imperative for the elimination and minimization of HCC. Further research is also 
necessary in regards to bridging therapy. The development of molecular signatures which 
predict the natural behavior of HCCs is being explored, and this includes gene arrays which 
have already shown some promise. We can predict somewhat more accurately now than 
ever the propensity of tumors to metastasize and recur after transplant with certain markers 
such as micro vascular invasion or microsatellitosis on the explant speciments. The grade of 
HCCs, as characterized by an experienced pathologist on biopsy or explant, has gained 
importance over the years in prognosticating the natural history of the cancer and its risk of 
recurrence after resection or transplant. Immunohistochemical markers are being constantly 
developed- and some have already been tested– regarding the presence of positive CK7 and 
CK 17 staining in HCCs, which portends a more aggressive cancer with higher recurrence 
rates. The use of systemic chemotherapy in the form of multikinase inhibitors such as 
sorafenib in combination with ablative procedures such as TACE, RFA or radioembolization 
has been used with success and is likely to gain momentum in the future. Furthermore, 
systemic chemotherapy is more frequently employed after surgery or even after 
transplantation in patients with high risk tumors. An important consideration for bridging 
therapy is that it is difficult to completely eradicate tumors >3 cm in size or multifocal HCC, 
and this area especially merits further exploration. Finally, in the era of organ shortage, 
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alternative curative modalities to transplant are certainly a need of the hour. With advances 
in laparoscopic surgical techniques, use of portal vein embolization, and adequate and 
aggressive ablative techniques pre-operatively, more patients than in the previous years can 
be made suitable for surgical resection safely and effectively. On the vanguard of medicine 
is the phenomenon of stem cell research and a discussion on HCC is incomplete without its 
mention- like other solid tumors- it is believed though not completely elucidated that cancer 
stem cells may have an important role to play in the natural history and response to 
treatment of HCCs. Although these stem cells in the liver have not been accurately 
identified, there is intensive investigation in this area (Wen Xu, 2009). The further 
development of these stem cells has boundless potential in the prognostication and 
treatment of this cancer. 
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1. Introduction 
1.1 Organ shortage situation in Eurotransplant regions/Germany 

An organ transplant is currently the treatment method of choice for a large number of 
patients with chronic or acute organ failure. However, the shortage of suitable donor organs 
poses a considerable problem for transplantation medicine not only in Germany (1, 2). The 
figure of 3,897 available postmortal donated organs in 2009 currently contrasts with the 
needs of approximately 12,000 patients waiting for a suitable donor organ (3). At the same 
time, the entries on transplant waiting lists have increased by about 45% in the last 17 years; 
this upward trend is expected to continue (4, 5). As a result, the shortage of suitable donor 
organs means that in Germany more than 1,000 patients on the transplant waiting list die 
every year. According to the German Organ transplant Foundation (DSO), three times as 
many people are waiting for a kidney transplant than the number of organs that can be 
procured (6-10). As a result, on average 3 people on the waiting list die every day because 
no suitable donor organ is available in time (11, 12). 

1.2 Liver transplantation as a valuable option due to trauma 

The isolated trauma of the liver are a rare event in blunt injuries of severely injured patients; 
yet liver injuries probably lead to a clear increase in post-trauma mortality due to the 
complex functioning of this organ. The immunological changes caused by blunt liver trauma 
are just as difficult to classify as the specific mortality. As the liver injury increases in 
severity, other organ systems become involved, so that total mortality results from the 
cumulation of all damaged organs. However, there are definitive indications leading to 
speculation that liver involvement superproportionally increases total mortality (13-16). The 
mortality rate after liver trauma documented in the literature has a wide spread and ranges 
between 7 and 36% (17, 18). This is differentiated between early mortality, mainly due to 
blood loss, and late mortality. Late mortality is frequently based on secondary complications 
from intensive medical treatment in connection with immunological failure after a trauma 
which can cause sepsis/SIRS and multi-organ failure. The actual specific significance of liver 
injury for the emergency of such complications in this event is to date not yet fully 
understood. 
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The liver is crucial to the post-traumatic recovery of a severely injured patient. This is where 
proteins are formed, which constitute among other things components for coagulation and 
non-specific defense. It has a decisive effect on inflammatory processes and represents the 
center of the energy metabolism. Moreover, the Kupffer cells represent the largest 
macrophage pool in humans. The knowledge that liver damage alone negatively affects both 
early and late mortality may be an initial approach leading to organ-specific post-traumatic 
treatment. 

In this context, it must be kept clearly in mind that the last two decades have seen a clear 
paradigm change concerning surgical treatment for liver injuries (19). With the introduction 
of computer tomography and the availability of clotting factors, conservative treatment of 
the liver injury became the method of choice for hemodynamically stable patients after blunt 
liver trauma (20). Different studies have shown that 71-89% of all patients with blunt liver 
trauma can be successfully conservatively treated. As a result, the survival rate is 85 to 94% 
(21). There is also agreement that despite all the opportunities for intensive fluid, blood and 
coagulation substitution, hemodynamically unstable patients must still be operated on (22). 

Here, the management of a liver injury aims to control hemorrhage, preserve sufficient 
hepatic function and prevent secondary complications. If an adequate control of the 
bleeding cannot be achieved despite exhausting the current therapy options, the indication 
for liver transplant (LT) needs to be assessed critically in individual cases. These cases are 
extremely scarce in the clinical daily routine (23). 

Nonetheless, LT are carried out due to acutely uncontrollable liver injuries in exceptional 
cases only. For this, indication is judged critically and discussed controversially due to 
usually existing secondary injuries, early septic complications, and poor general condition. 
Due to poor results, LT in these patients is occasionally described as “waste of organs”, 
however based on insufficient data (24, 25). 

Patients with subacute and chronic results of a liver injury need to be considered differently 
from the acute and due to their initial position very special group of surgically 
uncontrollable patients with liver trauma. However, they share the fact that also the 
indication for transplantation for instance in patients with “shock liver” in the context of 
polytrauma or with induced liver failure after a longer intensive therapy need to be 
measured (26, 27). 

2. Investigate the significance of liver trauma and prognostic factors in 
severely injured patients 
Based on an analysis of the trauma registry data from the German Society of Trauma 
Surgery (DGU) [Deutsche Gesellschaft für Unfallchirurgie] from 1993 to 2005 (n=24,711), the 
present study examined whether the participating liver injury in a polytraumatized patient 
superproportionally increases the incidence of sepsis and multi-organ failure, and whether 
survival after polytrauma is definitively decreased when the liver is involved. 

2.1 Investigate the indication of liver transplantation for uncontrollable liver trauma 

Our study was aimed to critically question the indication of LT on the basis of blunt and 
uncontrollable liver trauma; we therefore report our experience with 4 patients who all 
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Based on an analysis of the trauma registry data from the German Society of Trauma 
Surgery (DGU) [Deutsche Gesellschaft für Unfallchirurgie] from 1993 to 2005 (n=24,711), the 
present study examined whether the participating liver injury in a polytraumatized patient 
superproportionally increases the incidence of sepsis and multi-organ failure, and whether 
survival after polytrauma is definitively decreased when the liver is involved. 

2.1 Investigate the indication of liver transplantation for uncontrollable liver trauma 

Our study was aimed to critically question the indication of LT on the basis of blunt and 
uncontrollable liver trauma; we therefore report our experience with 4 patients who all 
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underwent LT due to accident-caused uncontrollable acute liver trauma at our center along 
with a comparison and discussion of our results based on the current literature. 

2.2 Try to answer the question – Is transplantation a valuable option or just a “waste 
of organs” in polytraumatized patients with liver injury – 

2.2.1 Find new approaches of organ donation improvement 

First of all, with regard to the methodology of this work it should be pointed out that in 
order to respond to the self-declared question posed by this work, various databases and 
registers, which are listed in detail in the following, were used for analysis. 

3. Prognostic factors of liver injury in polytraumatic patients 
Based on an analysis of the trauma registry data from the DGU from 1993 to 2005 
(n=24,711), the present analyses examined whether the participating liver injury in a 
polytraumatized patient superproportionally increases the incidence of sepsis and multi-
organ failure, and whether survival after polytrauma is definitively decreased when the 
liver is involved. 

It is a standardized and anonymized documentation of severely injured patients at defined 
phases from time point of accident to hospitals discharge (28). In this analysis the following 
eligibility criteria were used: 

1. Injury Severity Score (ISS) ≥16 
2. direct admission from scene to a trauma center 
3. no isolated head injury 

Injury severity score (ISS) and the severity of individual injuries were determined with the 
1998 revision of the Abbreviated Injury Scale (AIS), table 1. 

The existence of sepsis was defined based on the criteria of Bone et al. (29). The definition of 
organ failure followed the SOFA score (Sequential Organ Failure Assessment) (30). An 
individual organ failure was defined by at least 3 SOFA score points; a multi-organ failure 
(MOF) was defined as simultaneous failure of at least two organs. 

All those patients with a documented liver injury (AIS abdomen <3 and AIS liver 2-5) were 
assigned to the “liver trauma” group. Patients with abdominal injuries (AIS abdomen 2-5 or 
AIS liver <3) were placed in the “abdominal non-liver injury” group. All remaining patients 
who had an AIS abdomen or liver <3 were placed in the third “non-abdominal trauma” 
group (control group). The restriction to cases with ISS ≥16 guaranteed a minimum injury 
severity of AIS 3 for the primary region in the respective study groups. 

3.1 Statistics (I) 

From 1993 until 2001, data were collected and entered on paper sheets. Since 2002, data 
collection was done with internet-based data entry software with integrated plausibility 
checks. The anonymized data were analyzed with the statistical program SPSS (Version 14, 
Chicago, USA). Incidences are presented with counts and percentages, continuous values 
with mean and standard deviation (SD). Analysis was mainly restricted to descriptive  
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statistics. Statistical tests were avoided due to the multiple comparisons (several groups and 
outcome parameters), as well as the high sample size which could lead to irrelevant 
significances. In selected situations only, data from the group with liver trauma were 
compared statistically against the remaining groups (χ² test for incidence rates and U-test for 
continuous values). 
 

AAST 
Grade Injury Injury Description AIS-98* 

Grade 

hematoma subcapsular, <10% surface 2 
I 

laceration capsular tear, <1cm parenchymal depth 2 

hematoma subcapsular, 10–50% surface; 
intraparenchymal hematoma, <10cm in diameter 2 

II 
laceration capsular tear, 1–3cm parenchymal depth, <10cm 

length 2 

hematoma subcapsular, >50% surface; 
intraparenchymal hematoma, >10cm in diameter 3 

III 
laceration >3cm parenchymal depth 3 

IV laceration
parenchymal disruption involving 25–75% of 

hepatic lobe 
or 1–3 segments 

4 

laceration
parenchymal disruption involving >75% of 

hepatic lobe 
or >3 segments within a single lobe 

5 
V 

vascular hepatic venous injuries 5 

VI vascular hepatic avulsion 6 

*Note–AIS-98 = Abbreviated Injury Scale, 1998 version. 

Table 1. American Association for the Surgery of Trauma (AAST) -scale and modified scale 
for classification of liver injuries 

3.2 Transplantation after blunt trauma to the liver 

Our study was aimed to critically question the indication of LT on the basis of blunt and 
uncontrollable liver trauma; we therefore report our experience with 4 patients who all 
underwent LT due to accident-caused uncontrollable acute liver trauma at our center along 
with a comparison and discussion of our results based on the current literature. 

From September 1987 to December 2008, our center performed 1,529 LT (6 traumatic and 
1,523 others in 4 and 1,475 patients, respectively). Apart from transplant surgery, the clinic’s 
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second major focus is on hepatobiliary surgery. In this analysis the following eligibility 
criteria were used: 

1. patients ≥ 18 years; 
2. trauma-caused blunt liver injury; 
3. uncontrollable clinically situation without transplantation. 

The transplantations conformed to the local ethical guidelines and followed the ethical 
guidelines of the 1975 Declaration of Helsinki. LT was indicated in cases of uncontrollable 
liver injuries. It was considered contraindicated in cases of irreversible cerebral damage (i.e. 
slight cerebral edema is not considered a contraindication), absence of uncontrolled 
extrahepatic infection (i.e. no SIRS), absence of uncontrolled multiple organ failure (MOF) 
(less than 3 organs including the liver). 

In order to offer the best sized organ in a timely fashion, the following surgical procedures 
were considered for all recipients when available: deceased donor liver transplantation 
(DDLT) (full size and split-left lateral, left, right, extended right) and living donor liver 
transplantation (LDLT) (left lateral, left, right). 

The conservative management of our patients consisted of: a) causal therapy, b) intense 
monitoring of hemodynamic, respiratory, renal, neurological, infectious, hepatic and 
metabolic parameters, c) minimal handling and no sedation whenever possible, d) fluid 
restriction but enough fluid to assure cerebral perfusion, e) hypercaloric protein-free 
nutrition, f) intestinal sterilization with Neomycine and Lactulose, g) fresh frozen plasma in 
cases of coagulation disorder. All patients received immunosuppressive induction with 
Prednisolone. Maintenance immunosuppression consisted of a dual therapy with 
calcineurin inhibitors and Prednisolone post-transplant. 

We monitored the peri-operative course of each patient and noted short-term and long-term 
outcomes. The end of follow-up for this study was the end of July 2009. 

3.2.1 Statistics (II) 

Continuous variables are expressed as mean (±SD) or median (range). 

4. Prognostic factors of liver injury in polytraumatic patients 
The average age was 39.6±19.5 years, and 72.8% were male. The average ISS was 31.9±12.1 
points. Patients with liver trauma were found to be younger (liver 34.9±15.6; abdomen 
37.7±18.2) and more frequently female (66.0% vs. 73.5%). The number of blunt traumas was 
only slightly less in the liver group (91.8%) than in the non-liver abdominal trauma group 
(93.5%). The incidence of a primary liver injury according to the criteria mentioned was 
rather small, with 3.1% in the total group studied (abdomen 5.5%). 

4.1 Mortality 

Mortality in the liver trauma group was significantly increased (34.9%) compared to patients 
in the abdominal trauma group (12.0%) and patients with no primary liver or abdominal 
injury (control group 12.0%). 
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Further analysis of these differences between abdominal trauma group and the control 
group showed that the higher mortality in the control group is explained by the high 
mortality of the accompanying head injuries. Thus, a subgroup analysis shows that of the 
9,574 trauma patients in the control group, 2,160 patients had suffered a relevant head injury 
(AIS >3). In this subgroup, mortality even reached 32.8%. The investigation of early 
mortality showed that 27.3% of patients in the liver trauma group died within the first 24 
hours, while this rate was only 6.6% in the non-liver abdominal group. 

4.2 Blood transfusion 

Compared to patients with non-liver abdominal injuries, patients with severe liver trauma 
clearly had a greater need for blood transfusions (67.0% vs. 48.0%). The high blood loss in 
the liver group is correlated with the blood pressure pattern in both the preclinical and 
emergency room (ER) phases. Initial blood pressure was ≤90mmHg preclinically in 36.4% of 
the liver group and 30.0% of the abdomen group. Both groups are clearly above the rate in 
the control group (22.0%). Blood pressure in the liver group could not be raised in any 
definitive way during initial clinical care (ER phase in contrast to the abdomen group (RR 
<90mmHg, liver: 32.2% with delta RR 4.2 mmHG; abdomen: 18.2% with delta RR: 
11.2mmHG). In the ER, an initial hemoglobin content of less than 8g/dl was much more 
frequent in the liver group with 38.1% than in the abdomen group with 16.9% and the 
control group with 13.9%. Analogous to this, the average amount of transfused erythrocyte 
concentrate (EC) until admission to the intensive care unit was much higher in the group of 
patients with liver injury (8.6 units) compared to the abdomen group (4.5 units) and the 
control group (2.1 units). 

Patients who fulfilled the criteria of a massive transfusion (number of transfused EC >10 
were filtered out of the liver and abdomen groups. 

Given that the average number of ECs and the average ISS in both groups of liver and 
abdominal trauma were almost the same (liver: 20.9 EC, ISS 39.2; abdomen 19.9 EC, ISS 
38.5), the possible measured variable of an unequal EC quantity was leveled out. Thus, the 
high total mortality in the liver group (55.8%) compared to the abdomen group (36.5%) 
cannot be explained by the number of ECs. The same applies to the increased MOF (96.0% 
vs. 60.0%) and sepsis rate (72.0% vs. 36.0%) of the survivors. 

4.3 Sepsis, organ failure 

Compared to the other groups, increased early mortality in the liver group did not lead to a 
simultaneous reduction in late mortality. Patients with a liver injury showed - apart from 
the patients with head injuries – an average late mortality of 7.8%. One cause for the 
increased late mortality in comparison with patients with no liver injury is possibly the high 
sepsis rate (19.9%), if the first 24 hours were survived. 

The increased sepsis rate in the liver group is also reflected in the frequency of organ failure 
(OF 48.6%) and multi-organ failure (MOF 33.3%). Compared to patients with abdominal 
injuries with no severe liver trauma, all three characteristics are significantly more fully 
developed (sepsis 11.0%, OF 33.2%, MOF 16.6%). Patients from the control group also 
showed a significantly decreased incidence for sepsis and multi-organ failure. 



 
Liver Transplantation – Basic Issues 

 

308 

Further analysis of these differences between abdominal trauma group and the control 
group showed that the higher mortality in the control group is explained by the high 
mortality of the accompanying head injuries. Thus, a subgroup analysis shows that of the 
9,574 trauma patients in the control group, 2,160 patients had suffered a relevant head injury 
(AIS >3). In this subgroup, mortality even reached 32.8%. The investigation of early 
mortality showed that 27.3% of patients in the liver trauma group died within the first 24 
hours, while this rate was only 6.6% in the non-liver abdominal group. 

4.2 Blood transfusion 

Compared to patients with non-liver abdominal injuries, patients with severe liver trauma 
clearly had a greater need for blood transfusions (67.0% vs. 48.0%). The high blood loss in 
the liver group is correlated with the blood pressure pattern in both the preclinical and 
emergency room (ER) phases. Initial blood pressure was ≤90mmHg preclinically in 36.4% of 
the liver group and 30.0% of the abdomen group. Both groups are clearly above the rate in 
the control group (22.0%). Blood pressure in the liver group could not be raised in any 
definitive way during initial clinical care (ER phase in contrast to the abdomen group (RR 
<90mmHg, liver: 32.2% with delta RR 4.2 mmHG; abdomen: 18.2% with delta RR: 
11.2mmHG). In the ER, an initial hemoglobin content of less than 8g/dl was much more 
frequent in the liver group with 38.1% than in the abdomen group with 16.9% and the 
control group with 13.9%. Analogous to this, the average amount of transfused erythrocyte 
concentrate (EC) until admission to the intensive care unit was much higher in the group of 
patients with liver injury (8.6 units) compared to the abdomen group (4.5 units) and the 
control group (2.1 units). 

Patients who fulfilled the criteria of a massive transfusion (number of transfused EC >10 
were filtered out of the liver and abdomen groups. 

Given that the average number of ECs and the average ISS in both groups of liver and 
abdominal trauma were almost the same (liver: 20.9 EC, ISS 39.2; abdomen 19.9 EC, ISS 
38.5), the possible measured variable of an unequal EC quantity was leveled out. Thus, the 
high total mortality in the liver group (55.8%) compared to the abdomen group (36.5%) 
cannot be explained by the number of ECs. The same applies to the increased MOF (96.0% 
vs. 60.0%) and sepsis rate (72.0% vs. 36.0%) of the survivors. 

4.3 Sepsis, organ failure 

Compared to the other groups, increased early mortality in the liver group did not lead to a 
simultaneous reduction in late mortality. Patients with a liver injury showed - apart from 
the patients with head injuries – an average late mortality of 7.8%. One cause for the 
increased late mortality in comparison with patients with no liver injury is possibly the high 
sepsis rate (19.9%), if the first 24 hours were survived. 

The increased sepsis rate in the liver group is also reflected in the frequency of organ failure 
(OF 48.6%) and multi-organ failure (MOF 33.3%). Compared to patients with abdominal 
injuries with no severe liver trauma, all three characteristics are significantly more fully 
developed (sepsis 11.0%, OF 33.2%, MOF 16.6%). Patients from the control group also 
showed a significantly decreased incidence for sepsis and multi-organ failure. 

 
Liver Transplantation Due to Abdominal Trauma 

 

309 

The frequency of a laparotomy is reduced from 71.6% (before 2001) to 60.4% (from 2001). 
Remarkably, mortality is reduced in the same period from 35.5 to 33.1%. The ISS is almost 
identical with 39.7 vs. 38.8. 

4.4 Severity adjustment 

Adjusting for severity with the RISC Score shows that patients with liver trauma die 
significantly more frequently than expected. The 33.0% mortality observed (95.0% 
confidence interval 27.6 – 38.4) offsets a prognostic mortality rate of only 23.4%. In the other 
two groups of injuries, prognosticated mortality hardly deviates at all from the observed 
mortality. These results could imply that the resuscitation and/or operative management 
was suboptimal. However, this is not true. Liver trauma is rather underestimated regarding 
the expected prognostically impact and shows significantly worse mortality rates than in 
patients without liver injuries. Therefore, severe liver injury should be judged more 
critically with respect to mortality than the remaining abdominal injuries, with which the 
RISC prognosis illustrates actual mortality very well. 

4.5 Transplantation after blunt trauma to the liver 

Six LT were performed in 4 patients with acute liver injury (2 patients were re-transplanted). 
The demographics and the clinical presentation of these patients are reported individual. 
There were 3 men and 1 woman, ranging in age from 36 to 50 years (mean and median, 42 
years and 41 years, respectively). All patients had uncontrollable liver injuries caused by 
motor vehicle accidents. After a median (range) follow-up of 32.95 months (10.3-55.6), 2 out 
of 4 patients are still alive. Half- and 4-year patient survival rates are 50% and 25% with a 
corresponding graft survival of 25%, respectively. 

5. “Liver transplantation due to abdominal trauma” (Discussion) 
The aim of this retrospective investigation was to evaluate possible differences in the 
characteristics early and late mortality, sepsis and multi-organ failure as a function of the 
area of organ injury. Consideration of purely isolated organ injuries would not do justice to 
the complexity of a polytrauma, and may possibly lead to conclusions of no clinical 
relevance. The selection criteria “great severity of injury” of a specific organ system, with no 
attention paid to the average frequency and severity of additional injuries, would 
inaccurately illustrate the information value regarding organ-specific characteristics. It is 
well-known that liver injuries almost always accompany injuries to other organ systems. To 
consider only isolated liver injuries would lead to the description of a group that does not 
occur in this form in reality. The present study illustrates a patient group with a most 
severely injured organ system and the approach chosen was meant to investigate the impact 
on an organ system, in view of additional injuries, on the development of early mortality, 
transfusion requirement, sepsis, organ failure and late mortality. 

To date, the effects of an isolated or primary liver injury on immunological function 
parameters has not to date been examined in either humans or animals. Only a retrospective 
evaluation weighted according to organ system can contribute to a more precise 
understanding of their significance for outcome, sepsis and MOF. 
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The results presented here show a clear increase in the incidence of sepsis from an MOF and 
early and late mortality with a severe liver injury. This increase seems to be liver-specific 
and stands out from the other organ systems investigated. Publications by Strong and 
Turnkey, which reported a mortality of over 11% of in isolated liver injuries, show a 
significantly lower mortality after liver trauma. However, these were not assessed in a 
comparably severely injured collective (31, 32). This stresses the significantly higher survival 
rates in patients with isolated liver injuries in comparison to poly-traumatized patients. 

A review of the literature shows that the classification of more specific e.g. immunological 
consequences to different organ systems subsequent to polytrauma has not yet been 
examined. This applies both to experimental and clinical investigations and therefore the 
results presented here seem debatable, since they are only limited, given the low amount of 
literature in this regard. Despite the small amount of data, it seems beyond question that the 
participation of the liver in a traumatic event leads to an increase in mortality. However, 
there are some indirect references that characterize the liver as being a key organ after a 
trauma. At the beginning of the 1990s once Tinkhoff et al. had pointed out for the first time a 
connection between cirrhosis and outcome after trauma, this hypothesis was confirmed by 
numerous authors. In a matched pairs study, Dangleben et al. proved that cirrhosis of the 
liver is an independent prognosis marker of mortality, and with this they were able to 
demonstrate a correlation between mortality and the degree of the cirrhosis (definition 
according to Child-Turcotte-Pugh). These results were also verified by Christmas et al.: in 
addition to an increase in mortality and length of hospital stay, they showed a significant 
increase in the sepsis rate after trauma. Altogether 55% of the patients with cirrhosis of the 
liver in their study population died from sepsis. 33% of the patients with cirrhosis died 
compared to only 1% in the non-cirrhosis control group. These studies on cirrhosis of the liver 
and polytrauma show a close association between liver function and outcome after trauma. 

In animal experiments, depending upon the quantity of the liver tissue removed, a liver 
resection leads to a clear restriction of synthesis efficiency, particularly for coagulation 
products (33). Furthermore, the clearance function for bacterial endotoxins is drastically 
reduced. The consequences can be expressed in a decompensated coagulation system, 
through to a Disseminated Intravascular Coagulation (DIC) in a spontaneous multi-organ 
failure after sepsis or in refractory shock to the extent that the effects of a liver resection 
resemble those of traumatic liver destruction (34-36). 

However, traumatic liver damage is not necessarily associated with a measurable reduction 
in liver function. This is why, for example, Perdrizet et al. were able to demonstrate a clear 
increase in early mortality after reperfusion using a pig model, in which a blunt liver trauma 
was combined with a hemorrhagic shock. The increase in mortality resulted from 
continuous post-ischemic shock (37). 

The significance of the liver in early trauma events was also demonstrated for example by 
Perl et al. after a thorax trauma in a mouse model. They showed for the first time a 
response to thorax trauma by Kupffer cells within 30 minutes. In so doing, the liver formed 
IL-6, TNF-alpha and IL-10 in high concentrations, without the liver itself being traumatized 
(38). 

It has been proven that a tissue trauma leads to a significant reduction in immunological 
strength. The liver is a central organ of the reticuloendothelial system (RES) and its 
significance to the defense against infection has been described several times. 
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The results shown here from the trauma registry indicate that in the group with severe liver 
trauma, there is a clear increase in the number of ECs in the early and late phases after 
trauma. This observation after liver trauma is also supported by other research groups. 
Thus, for example, the number of transfused ECs constitutes an independent prognosis 
factor in the post-traumatic period after liver trauma. The authors argue that the blood 
products possibly lead to an increase in the incidence of sepsis due to their antigenicity (39). 
Both Moore et al. and Malone et al. showed a clear connection between the number of 
transfused ECs and the occurrence of post-traumatic organ failure; Malone et al. even 
showed this correlation within the first 24 hours after trauma (40, 41). Critical in this respect, 
however, it should be fair to pose the question whether and to what extent the 
administration of erythrocytes causes immunoparalysis, particularly since trauma patients 
can develop sepsis and MOF without erythrocytes being administered. Hence, it should be 
discussed whether the correlation between ECs and mortality must possibly be considered 
as only an epiphenomenon, e.g. an extended tissue ischemia period. So the number of 
transfused blood products is also always a marker for injury severity, incidence of shock 
and length of ischemia time. This cannot be obviously separated by a multivariance analysis. 
In order to examine this question more closely, two subgroups were formed in the present 
analysis. Here it shows up remarkably that despite a similar ISS and number of transfused 
ECs, the patients with severe liver participation continue to predominate, with regard to 
mortality, sepsis and MOF. In this context, immune modulating substances contribute to a 
considerable reduction in infectious complications. After polytrauma, proteins such as 
granulocyte-macrophage colony-stimulating factor (GM-CSF) and interferon gamma can 
contribute to an improvement in post-traumatic immunoparalysis (42, 43). Patients with 
immune insufficiency, e.g. also due to liver damage, could benefit from the early use of 
immune modulating substances. 

The evaluation of the data from the trauma registry concerning liver trauma (AIS>2) and 
treatment before and after 2000 shows the paradigm shift starting in 2000 mentioned in the 
introduction. The reduction in the rate of laparotomies from 2000 to 11.2% in hospitals 
affiliated with the trauma registry proves a rethink in care after abdominal injury. This 
resulted in a reduction in mortality of 2.4% in similar patients (ISS: 39.7 vs. 39.8). In order to 
better support this advantage of conservative treatment, however, more detailed study is 
necessary given that both preclinical and clinical care have made progress in the same time 
period. While in former times an exploratory laparotomy was nearly always performed, 
now conservative therapy under hemodynamically stable conditions is increasingly being 
recommended (44). Therefore, the portion in an American (multicenter) study was 47%. 
With 404 patients, a success rate of 98.5% was reported, where hemorrhaging appeared in 
only 3.5% of other complications (45). 

In another series of 495 conservatively treated patients, the success rate was 94% and the 
average hospital treatment was 13 days, where only 1.9 EC/patient had to be transfused. 
The complication rate was 6.2%, whereby there was only 2.8% with hemorrhages. Liver-
related deaths or overlooked intestinal injuries were not observed. 

Both groups predominantly involved not so serious liver traumas, whereas Moore type IV 
and V injuries (14%) were rather rare. In a study from Germany up to 2004, only 14% of all 
patients were treated conservatively. Moreover, the not so serious Type I-III injuries were 
operated in 2/3 of the cases (31/44), where no liver-related mortality was observed. The 
authors came to the conclusion that in view of the convincing data from the multicenter 
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studies mentioned and numerous other, at times large patient groups, laparotomy is 
probably an overtreatment in most patients with Type I-III injuries and seems to be of no 
real advantage regarding survival, morbidity and duration of treatment (46). Data from this 
study corroborates this statement. 

The matter of the urgent criteria for operating on abdominal and liver trauma is not clearly 
answered in the literature. The criteria are not uniform and often refer to the term 
“unstable”. It has been shown however by Clarke et al. that mortality increases by 1% every 
3 minutes after a trauma involving hematogenic shock, so the time from arrival at the ER to 
the laparotomy has a crucial effect on the outcome (47). 

In addition to acute trauma care following abdominal injury, the therapeutic option of 
transplant plays a role in chronic hepatic damage rather than in acute injuries. Persistent 
chronic hepatic damage is mostly seen in the form of “secondary sclerosing cholangitis”. The 
option of transplantation for acute, inoperable hepatic damage also plays an admittedly 
minor role, but in times of scarce organ availability this should be exercised within reason. 

Therefore, treatment of liver trauma has rapidly changed over the past decades. Thus, 
especially development of the intensive and emergency medicine as well as coagulation 
substitution reveal a more and more conservative therapy approach against the severity of 
the injury. To date, merely 10% of the liver trauma patients are surgically treated, 90% 
follow a conservative therapy regimen. In the process, the overall mortality of 60% could be 
reduced to about 6% over the past century (48-50). 

However, in a few patients with liver injuries it may still occur that they cannot be treated 
adequately despite exploitation of all conventional surgical measures. Continuous non-
controllable acute bleeding, non-reconstructible liver injuries, like e.g. injuries of the liver’s 
veins or the bile duct system, and a liver insufficiency caused by trauma, e.g. shock liver, 
allow for the consideration of LT (51, 52). 

LT then remains the only available life-saving procedure for these patients. However, not all 
patients are suitable candidates for LT. Pre-transplant neurological status, severe sepsis, 
MOF, and accompanying severe injuries may all be contraindications to LT. Furthermore, 
there is a fundamental difference whether a patient is transplanted due to acute non-
controllable liver injury or due to subacute (e.g. shock liver) respectively chronic (e.g. 
secondary biliary cirrhosis) liver mutation after occurred trauma. Ultimately, only a fraction 
of patients with uncontrollable liver trauma are deemed to be candidates for 
transplantation. Like those patients who die before LT, mortality after LT is usually 
secondary to hemodynamically instability, infections and MOF (53, 54). 

The underlying severity of the injury and the occasionally life-threatening other injuries are 
reflected by the results in our patients who received a LT due to trauma all from a motor-
vehicle accident. These patients differ fundamentally from the majority of our other liver 
transplant patients in the peri-operative prognosis. Based on our clinical experience, the 
most relevant preoperative prognostic factors negatively influencing the post-transplant 
outcome have been the hemodynamic, secondary injuries and the recipient age. There are 
diverging opinions about the role of the MELD score as a prognostic factor for the 
postoperative outcome in such cases. 

The results following LT for uncontrollable traumatic liver injuries are substantially worse 
than those of LT for sub-acute/chronic and elective indications. In fact, the general patient 
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survival rates are approximately 50-75%. Unfortunately, the few reported cases in the 
current literature are quite inhomogeneous, reflecting different transplant eras, clinical 
experience, LT techniques/procedures, and clinical conditions of the patients prior to 
undergoing LT. In addition these case reports mostly outline the clinical course of liver 
transplant patients following trauma. While accurate comparison of the clinical presentation 
of patients across various case reports is not always possible, we can say, based on the 
available data in 3 case series, that the clinical conditions of our patients appear to be similar 
to those reported (55-57). 

Delis et al. also describe 4 patients with liver trauma in their work who were transplanted in 
the course of their disease. Non-uniform genesis of these patients are reflected in a range of 
relatively positive GCS scores. These may be explained by the fact that 3 of the above-
mentioned patients had gun-shot liver injuries and hence no, as common in blunt liver 
injuries, large-area, complex liver injuries. Furthermore, one patient was transplanted after 
two years due to secondary biliary cirrhosis caused by trauma. This explains the fairly good 
results in this group with a patient survival rate of 75% after more than 9 years. 

Altogether 3 patients with liver injuries due to car accidents, that were hepatectomized pre-
operatively due to massive unsalvageable liver trauma, are described by Ringe et al. This 
quite more homogenous patient population is better comparable to our study and 
demonstrated a patient survival rate geared to our results. Thereby, Ringe postulates a 
bilateral approach in patients where no sufficient hemostasis after liver trauma is 
achievable. After an indication for total hepatectomy depending on hemodynamic 
parameters, a than obligatory liver transplantation is carried out as soon as possible. In his 
works, however, also patients are described that could not be allocated with an adequate 
organ in time due to the present lack of donor organs. 

Also comparable with our results are those published in the 1980ies by Esquivel et al. on 2 
traffic accident victims with nonreconstructable injuries to the portal vein and following 
nonfunctional hepatic remnants. In literature, these are the first published cases of liver 
transplantations after liver trauma. 

The majority of our patients demonstrated one or more of negative prognostic factors. This 
study covers all recorded liver transplantations for otherwise uncontrollable liver trauma 
due to motor-vehicle accidents at our hospital. These cases often had poor general 
prognoses. Despite the acute condition of our patients, our results, patient survival rate is 
50% with a corresponding graft survival of 25%, are among the first reports on survival rates 
in a homogenous series to date in the literature. 

6. Conclusion 
6.1 Investigate the significance of liver trauma and prognostic factors in severely 
injured patients 

In our opinion, unstable patients should be identified by the following parameters: 1) location 
of the source of bleeding, i.e., free fluid in the abdomen in the initial ultrasound, if need be 
with an increase in the course of action; 2) volume loss, i.e., substitution is required for 
hemodynamic stability when systolic blood pressure falls below 80 - 90 mmHG; 3) signs of 
systemic hypoperfusion with negative base excess and pH and where applicable with an 
initial hemoglobin under 8 mg/dl with signs of consumptive coagulopathy. 
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Knowledge of the additional dangers documented here as they can arise from a liver  
injury and may possibly be positively affected by e.g. a specific coagulation treatment and 
an early substitution of ECs. The immunological changes to be expected from a liver injury 
in the meantime may possibly even reinforce the frequently described post-trauma 
immunosuppression. 

6.2 Investigate the indication of liver transplantation for uncontrollable liver trauma 

In conclusion, we largely agree with the aforementioned reports. The therapeutic option of 
liver transplantation also needs to be accessible for patients with liver injuries caused by 
trauma. However, not least due to the mentioned poor transplantation results in severely 
injured patients, indication for transplantation needs to be critically proposed by the 
attending surgeons. 

6.3 Try to answer the question – Is transplantation a valuable option or just a “waste 
of organs” in polytraumatized patients with liver injury – 

It is essential to sensibly and appropriately allocate the organs so that the shortage of donor 
organs is not further enlarged. In patients where no hemodynamic stabilization can be 
achieved despite exhaustion of all extensive care measures, transplantation should not be 
considered any further. Although, there is a fundamental difference regarding the 
timeframe after trauma during which patients are to be transplanted. It has shown, that 
especially patients with acute, non-controllable liver injuries as described by us have 
clinically changed for the worse rapidly after transplantation and have died in MOF. 
Therefore, we postulate that indication for transplantation in these patients may only be 
provided after critically reviewing every single case as not to “waste of organs”. 

6.4 Identifying new approaches to improving organ donation 

It should be noted that the success of transplantation medicine with a simultaneously 
increasing shortage of donor organs will only be assured if all available resources are 
exploited. Increasing acceptance of “expanded criteria donor” organs appears more justified 
than ever under these circumstances, but also with sustained good results despite constantly 
deteriorating organ quality. Approaches to increase the transplant quality, not only of 
extended criteria donor (ECD) organs, offer further developed possibilities that support 
perfusion such as machine perfusion and optimized perfusion solutions. Moreover, 
shortened ischemic periods are achieved through further improved logistics and allocation 
processes, which together with individualized, medicinal immune suppression ultimately 
benefit the transplant and the organ recipient. In addition to this continuously improving 
and thus optimized use of postmortal organs, it must also be the common objective of the 
medical profession and politics to increase the overall number of donor organs and to 
improve their quality. 

In order to achieve this, priority should be given to an improved exploitation of the existing 
organ donation potential through hospital-based advising, for example by a contact person 
for organ donation at each intensive care unit. Information and advising by Eurotransplant 
and the transplant centers for physicians, nursing staff and the population are of key 
importance here. Furthermore, to an ever great extent it will be the task of all parties 
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involved in the field of transplantation to present organ donation, the allocation and 
transplantation of organs, and all the decisive aspects relating to the readiness of organ 
donation such as trust, safety and equity in a transparent manner. Conducting advisory 
discussions on the topic of organ donation with the relatives of the deceased is a special task 
for physicians. One measure should include involving a physician with special 
communicative expertise. It remains to be hoped that in this way a higher acceptance rate 
for organ donation will be more successfully achieved throughout all population groups in 
the future. In tapping into all resources and approaches for the optimized exploitation of 
donated postmortal organs, it should be possible to assure the medical care mandate of 
transplantation medicine in Germany in the future as well. 

Based on previous studies, the recording of organ donors with “expanded criteria” in a 
targeted analysis is useful and necessary for new ways of improving organ donation. 
Further local, national and international analyses are additionally necessary to identify the 
limits to expanding donor acceptance criteria. 
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1. Introduction 
Liver failure is a devastating illness with extremely high morbidity and mortality. With the 
advent of life-saving orthotopic liver transplantation, the mortality and morbidity due to 
liver failure has been significantly reduced. Many patients awaiting transplant are critically 
ill. The intensive care management of patients before liver transplantation is aimed at 
optimizing hepatic and extrahepatic organ function before the transplant operation, with a 
goal to favorably influence the perioperative and postoperative graft and patient survival. 

Critical illness due to liver disease may present in the context of acute liver failure (ALF) or 
acute on chronic liver failure (ACLF). The differing pathophysiologic processes underlying 
these two categories of liver failure necessitate specific approaches to their intensive care 
management. In their extreme presentations, both types of liver failure result in multi-organ 
system failure; therefore, the intensive care management of these conditions requires a 
systematic multi-organ system approach to address hepatic and extrahepatic organ 
dysfunction (Ford et al., 2010). This chapter will provide a multi-organ system–based 
description of critical care management of ALF and ACLF before liver transplantation. 

2. Acute liver failure 
2.1 Definition and etiology 

Acute liver failure (ALF) represents a clinical syndrome of varying etiologies that ultimately 
manifests as hepatic encephalopathy and coagulopathy (International Normalized Ratio 
[INR] greater than 1.5) in the setting of acute liver dysfunction. By definition, coagulopathy 
and hepatic encephalopathy occur within 6 months following the initial symptoms of 
hepatic dysfunction in a patient without chronic liver disease. The timing of development of 
hepatic encephalopathy after an initial presentation of jaundice helps further subdivide ALF 
into categories of hyper-acute (hepatic encephalopathy developing within 7 days of onset of 
jaundice), acute (8-28 days), and sub-acute (29-84 days).  

The etiologies of ALF are numerous, and reversible causes must be actively sought. The 
most common etiology of ALF in the United States and United Kingdom is drug-induced, 
with acetaminophen toxicity the leading responsible agent. Other common classes of 
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medications known to provoke ALF in susceptible patients include antimicrobials, 
antidepressants, antiepileptics, anti-hypertensives, HIV therapy, chemotherapeutic agents, 
lipid-lowering agents, and glucose-lowering agents. Analgesics and recreational drugs are 
also known causes of drug-induced ALF.  

Additional etiologies of ALF include viral infections, including Hepatitis A, B, C, D, and E, 
as well as herpes simplex virus, varicella zoster virus, cytomegalovirus, and Epstein-Barr 
virus. Toxins responsible for ALF include amanita phyloides (mushrooms), herbal 
preparations, organic solvents, and bacterial toxins, such as bacillus cereus. Pregnancy-related 
conditions include the HELLP syndrome (hemolysis, elevated liver enzymes, low platelets) 
and the acute fatty liver of pregnancy syndrome. Lymphoma, metastatic disease, hepatic 
ischemia, wilson disease, heat stroke, Budd-Chiari syndrome, autoimmune hepatitis, and 
extensive hepatic resection are other causes of ALF. Approximately 15-20% of patients with 
ALF have an undetermined cause. 

2.2 Diagnosis and initial management considerations in ALF 

Potential causes of ALF must be actively sought in the initial workup, as certain etiologies 
have specific life-saving treatments. Acetaminophen toxicity is treated with N-acetylcysteine, 
autoimmune hepatitis with corticosteroids, herpes simplex and varicella zoster viruses with 
intravenous acyclovir, acute fatty liver of pregnancy and HELLP syndrome by delivery of 
the fetus. Recent data suggests that the use of N-acetylcysteine (NAC) improves the 
outcome of patients with ALF, independent of the etiology (Lee et al., 2009). Many transplant 
centers advocate the use of NAC for all patients with ALF. NAC can be administered 
intravenously at a dose of 150 mg/kg over 15 minutes followed by 50 mg/kg over 4 hours, 
followed by 100 mg/kg over 16 hours. Adverse effects of NAC include bronchospasm and 
anaphylaxis and are managed by coadministration of antihistamines and corticosteroids as 
well as reduction of infusion rate. Oral preparations of NAC are also available. 
Discontinuation of NAC is appropriate following resolution of ALF or at the time of 
transplantation. 

In addition to ruling out reversible causes of ALF, exclusion of chronic liver disease is 
crucial for appropriate management. Physical examination of patients presenting with liver 
failure should therefore focus on stigmata of chronic liver disease, including abdominal 
ascites, spider angiomata, or caput medusae. Hepatic imaging with ultrasound, CT or MRI is 
useful to evaluate for the presence of portal hypertension and chronic liver disease, as well 
as to evaluate hepatic size and vasculature, ascites, and hepatic masses. Recommended 
laboratory testing for potential etiologies of ALF include autoimmune markers, viral 
serologies, toxicology screen, and serum and urine testing for copper overload.  

2.3 Patient stabilization 

All patients with ALF should be monitored and treated in an intensive care unit. Many 
patients have progressed to multi-organ failure upon arrival, and immediate supportive 
measures should be undertaken. These may include interventions such as endotracheal 
intubation and mechanical ventilation, intravenous fluid resuscitation, placement of arterial 
and central venous lines, and vasoactive agent support.  
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2.4 Organ-specific management 

2.4.1 Hepatic encephalopathy 

Hepatic encephalopathy is defined by the presence of neuropsychiatric symptoms in the 
absence of other causes of altered mental status. Mental status changes range from subtle 
cognitive impairments to frank coma. The impaired hepatic clearance of ammonia and other 
toxins are poorly tolerated in patients with ALF, and result in astrocyte swelling and 
cytotoxic cerebral edema. Hepatic encephalopathy is divided into four grades based on the 
West Haven Criteria (Atterbury et al., 1978); grade I denotes mild cognitive changes and 
attention deficits, grade II lethargy and apathy, grade III confusion and semi-stupor, and 
grade IV a comatose state.  

Hepatic encephalopathy in ALF can result in cerebral edema, herniation, and death. Any 
patient with ALF and altered mental status should undergo an emergent head CT to rule 
out cerebrovascular accident, intracranial hemorrhage, or mass effect prior to treatment of 
hepatic encephalopathy. Those with grade III or IV encephalopathy should undergo elective 
endotracheal intubation and mechanical ventilation for airway protection, with maintenance 
of adequate sedation and patient-ventilator synchrony to reduce sudden increases in 
intracranial pressure. Neurosurgical placement of an intraparenchymal pressure monitor 
should then be strongly considered in order to continuously monitor and treat elevated 
intracranial pressure.  

Intracranial hypertension is managed primarily with pharmacologic osmotherapy, with 
the goal to reduce intracranial pressure to less than 25 mmHg. Mannitol and hypertonic 
saline can be used for this purpose; if these measures fail, neuromuscular paralysis and 
therapeutic hypothermia with a target core body temperature of 32-33 degrees Celsius can 
be co-administered. In the setting of intracranial hypertension refractory to the above 
interventions, salvage therapy with barbiturate coma can be considered. Elevation of the 
head of the bed to 30 degrees is recommended for all patients. Furthermore, cerebral 
perfusion pressure, defined as the difference between mean arterial pressure and 
intracranial pressure, should be maintained at 60 mmHg or greater. In the setting of 
intracranial hypertension, this may require the use of vasoactive agents to increase the 
mean arterial pressure. Hyperventilation, formerly used to reduce intracranial pressure, 
may induce cerebral hypoxemia, and is no longer recommended for this purpose. Patients 
with grade I or II encephalopathy do not require intracranial pressure monitoring or 
endotracheal intubation for airway protection. However, serial neurologic exams are 
critical in these patients, as they can rapidly deteriorate to stage III or IV hepatic 
encephalopathy. 

2.4.2 Coagulopathy 

In addition to hepatic encephalopathy, coagulopathy, represented by an increasing INR, is a 
defining characteristic of progressing ALF. The synthetic function of the failing liver is 
diminished, and levels of clotting factors are reduced, resulting in elevations in the INR. In 
fact, the INR is considered the most sensitive indicator of hepatic function and is commonly 
used as a prognostic tool to aid prediction of spontaneous recovery or need for liver 
transplantation. Therefore, correction of the INR in the absence of bleeding is discouraged. 
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For invasive procedures, the INR can be temporarily corrected with recombinant Factor VIIa 
(Novo-7) at a dose of 40 μg/kg. Such therapy reduces the INR to below 1.5 within 30 
minutes of administration, and allows approximately 90-120 minutes for the performance of 
invasive procedures. Vitamin K may reduce the INR if malnutrition is contributing to 
coagulopathy.  

Despite the coagulopathic state observed in ALF, anticoagulant proteins such as protein  
C and S are reduced, and patients are at risk of venous thrombotic complications. 
Therefore, venous thromboembolism prophylaxis with subcutaneous heparin or low-
molecular weight heparin formulations should be considered despite the presence of 
coagulopathy. 

2.4.3 Renal impairment 

Acute kidney injury in ALF usually results from impaired renal perfusion or direct renal 
insults. Hepatorenal syndrome, which occurs in the setting of portal hypertension and 
chronic liver disease, does not occur in ALF. Management of acute kidney injury includes 
avoidance of additional nephrotoxic insults, as well as supportive measures. In order to 
avoid increases in intracranial pressure and significant fluid shifts, if renal replacement 
therapy is necessary, continuous renal replacement therapy (CRRT) is preferred over 
conventional hemodialysis. 

2.4.4 Infections 

Infections occur in ALF from functional immunosuppression. Patients are susceptible to 
overwhelming bacterial and fungal sepsis, although clinical signs of infection may be absent. 
Empiric antibacterial and antifungal therapy should be considered in the setting of 
advanced hepatic encephalopathy, shock, or for patients listed for transplantation. 
Associated sepsis and septic shock are managed with broad-spectrum antibiotics, vasoactive 
agent support and high-dose corticosteroids.  

2.4.5 Pulmonary complications 

Respiratory disturbances, including acute respiratory distress syndrome (ARDS) and acute 
lung injury (ALI), are frequent manifestations of ALF. In the setting of ALI and ARDS, lung-
protective strategies with low tidal volume (6 cc/kg ideal body weight) ventilator settings 
and mild permissive hypercapnea are recommended. Hypoxemic respiratory failure 
portends a poor prognosis and is treated supportively. Severe hypercapnea, bronchoscopy, 
and patient-ventilator asynchrony can exacerbate intracranial hypertension; titration of the 
set respiratory rate to compensate for hypercapnea, as well as adequate sedation and 
analgesia to improve synchrony, are imperative. Neuromuscular-blocking paralytic agents 
may be necessary if patient-ventilator asynchrony persists despite adequate sedation.  

2.4.6 Metabolic derangements 

Metabolic derangements result both from impaired hepatic metabolic function and resulting 
multi-organ failure. Consequences include lactic acidosis and disturbances in arterial pH, 
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glucose, and electrolytes. Hypoglycemia results from impaired gluconeogenesis and 
glycogenolysis, and is managed via dextrose infusion and frequent glucose monitoring. 
Electrolyte disturbances include hyponatremia, hypokalemia, hypomagnesemia, and 
hypophosphatemia, and should be corrected when recognized. However, the appearance of 
hypophosphatemia may indicate a favorable prognosis due to intracellular phosphorus 
consumption and hepatic regeneration. Finally, the high metabolic demands in ALF create a 
generalized catabolic state with resultant high nutritional needs. Enteric nutrition is 
recommended over parental routes to reduce gastrointestinal bacterial translocation and 
bleeding from stress ulceration. 

3. Acute on chronic liver failure 
3.1 Definition and etiology 

Acute on chronic liver failure (ACLF), or decompensated cirrhosis, occurs when cirrhosis of 
any etiology is complicated by the development and sequelae of portal hypertension. 
Longstanding portal hypertension results from intrahepatic resistance to portal flow, and 
increased portal inflow from inappropriate splanchnic vasodilation. These pathophysiologic 
changes result in splanchnic and systemic derangements, including the development of 
gastroesophageal varices, hepatic encephalopathy, pulmonary decompensation, and 
hepatorenal syndrome. Given the importance of splanchnic vasodilation in the 
pathophysiology of ACLF, pharmacologic therapy with splanchnic vasoconstrictors plays a 
central role in the therapy of ACLF. 

Etiologies of cirrhosis are numerous, and include alcoholic steatosis, chronic viral hepatitis, 
metabolic diseases (e.g. non-alcoholic fatty liver disease, hemachromatosis, wilson disease), 
autoimmune hepatitis and cholestatic liver diseases ( e.g. primary biliary cirrhosis and 
primary sclerosing cholangitis).  

3.2 Diagnosis  

The diagnostic workup of a patient with suspected cirrhosis is similar to that of a patient 
presenting with ALF. Physical examination may reveal stigmata of chronic liver disease, 
including ascites and splenomegaly. Abdominal imaging with CT or MRI provides 
radiographic confirmation of chronic portal hypertension. Non-hepatic causes of portal 
hypertension, such as cardiac cirrhosis from longstanding heart failure, should also be 
excluded.  

3.3 Organ-specific management 

3.3.1 Hepatic encephalopathy 

Hepatic encephalopathy in decompensated cirrhosis shares several qualities with the 
encephalopathy observed in ALF, including the grades of severity. However, major 
differences exist in clinical presentation and management of hepatic encephalopathy in 
ACLF. The chronicity of portal hypertension allows time for the development of ammonia 
fixation mechanisms and neuronal adaptation to ammonia. Thus, the hepatic 
encephalopathy of ACLF is not typically associated with cerebral edema. Treatment is 
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supportive and focuses on patient safety and avoidance of complications. As in ALF, 
patients with grade III or IV encephalopathy warrant elective intubation for airway 
protection. Causative factors of hepatic encephalopathy include dehydration, over-
diuresis, infection, use of benzodiazepines and narcotics, gastrointestinal bleeding, 
constipation, electrolyte or acid-base imbalances, or recent transjugular intrahepatic 
portosystemic shunt (TIPS) procedure. Progression of underlying liver disease may be  
the only identifiable precipitant; when reversible causes are identified, they should be 
treated.  

Medical treatment of hepatic encephalopathy consists of oral agents to assist in toxin 
elimination. Lactulose and other nonabsorbable disaccharides improve intestinal excretion 
of nitrogen and reduce production of ammonia by enteric bacteria. Intestinal decontamination 
with oral antibiotics such as rifaximin or metronidazole reduces the burden of ammonia-
producing bacteria.  

3.3.2 Gastroesophageal varices 

Hemorrhage due to gastroesophageal variceal bleeding can be imminently fatal, and 
requires emergent therapy. Airway protection with endotracheal intubation reduces  
the risk of aspiration during massive hematemesis. Intravenous volume resuscitation or 
blood products should be administered carefully, as excess volume can increase portal 
pressures and exacerbate bleeding. An appropriate post-transfusion hemoglobin goal is  
8 g/dL. 

Infusion of the somatostatin analogue octreotide reduces portal pressure and can induce 
splanchnic vasoconstriction and facilitate hemostasis during variceal bleeding. Terlipressin, 
a vasopressin analogue, has been used with success in Europe to help control variceal 
bleeding. All patients should receive prophylactic antibiotics with either ceftriaxone or a 
fluoroquinolone, which have been shown to reduce infections, reduce the risk of rebleeding, 
and improve survival (Bernard et al., 1999).  

Following initiation of pharmacologic therapy, definitive therapy for gastroesophageal 
varices requires upper endoscopy with endoscopic band ligation or sclerotherapy. If these 
measures fail, or if gastric varices are detected, urgent TIPS can be used to achieve 
hemostasis and prevent the development of new varices. For severe uncontrolled bleeding, 
esophageal balloon tamponade may be necessary for temporary stabilization until definitive 
TIPS therapy is undertaken.  

3.3.3 Cardiovascular impairments 

Cardiovascular system derangements frequently complicate the hemodynamic picture of 
decompensated cirrhosis. Circulatory changes resemble those of septic shock, including 
increased cardiac output, reduced systemic vascular resistance, wide pulse pressure, and 
decreased mean arterial pressure. Patients are susceptible to sepsis-induced hypotension 
and septic shock. Norepinephrine is the preferred vasoactive agent in such patients, as it 
preserves cardiac output while increasing vascular resistance. Hypotension can also occur 
by decreased venous return if severe ascites produces compression of the inferior vena cava. 



 
Liver Transplantation – Basic Issues 

 

326 

supportive and focuses on patient safety and avoidance of complications. As in ALF, 
patients with grade III or IV encephalopathy warrant elective intubation for airway 
protection. Causative factors of hepatic encephalopathy include dehydration, over-
diuresis, infection, use of benzodiazepines and narcotics, gastrointestinal bleeding, 
constipation, electrolyte or acid-base imbalances, or recent transjugular intrahepatic 
portosystemic shunt (TIPS) procedure. Progression of underlying liver disease may be  
the only identifiable precipitant; when reversible causes are identified, they should be 
treated.  

Medical treatment of hepatic encephalopathy consists of oral agents to assist in toxin 
elimination. Lactulose and other nonabsorbable disaccharides improve intestinal excretion 
of nitrogen and reduce production of ammonia by enteric bacteria. Intestinal decontamination 
with oral antibiotics such as rifaximin or metronidazole reduces the burden of ammonia-
producing bacteria.  

3.3.2 Gastroesophageal varices 

Hemorrhage due to gastroesophageal variceal bleeding can be imminently fatal, and 
requires emergent therapy. Airway protection with endotracheal intubation reduces  
the risk of aspiration during massive hematemesis. Intravenous volume resuscitation or 
blood products should be administered carefully, as excess volume can increase portal 
pressures and exacerbate bleeding. An appropriate post-transfusion hemoglobin goal is  
8 g/dL. 

Infusion of the somatostatin analogue octreotide reduces portal pressure and can induce 
splanchnic vasoconstriction and facilitate hemostasis during variceal bleeding. Terlipressin, 
a vasopressin analogue, has been used with success in Europe to help control variceal 
bleeding. All patients should receive prophylactic antibiotics with either ceftriaxone or a 
fluoroquinolone, which have been shown to reduce infections, reduce the risk of rebleeding, 
and improve survival (Bernard et al., 1999).  

Following initiation of pharmacologic therapy, definitive therapy for gastroesophageal 
varices requires upper endoscopy with endoscopic band ligation or sclerotherapy. If these 
measures fail, or if gastric varices are detected, urgent TIPS can be used to achieve 
hemostasis and prevent the development of new varices. For severe uncontrolled bleeding, 
esophageal balloon tamponade may be necessary for temporary stabilization until definitive 
TIPS therapy is undertaken.  

3.3.3 Cardiovascular impairments 

Cardiovascular system derangements frequently complicate the hemodynamic picture of 
decompensated cirrhosis. Circulatory changes resemble those of septic shock, including 
increased cardiac output, reduced systemic vascular resistance, wide pulse pressure, and 
decreased mean arterial pressure. Patients are susceptible to sepsis-induced hypotension 
and septic shock. Norepinephrine is the preferred vasoactive agent in such patients, as it 
preserves cardiac output while increasing vascular resistance. Hypotension can also occur 
by decreased venous return if severe ascites produces compression of the inferior vena cava. 

 
Intensive Care Management of Patients Prior to Liver Transplantation 

 

327 

Finally, the phenomenon of cirrhotic cardiomyopathy with impaired systolic and diastolic 
dysfunction, and reduced response to inotropic therapy has been described (Zardi et al., 
2010). Several mechanisms for cirrhotic cardiomyopathy have been proposed, including 
myocardial apoptosis, involvement of circulating carbon monoxide and nitric oxide, and 
cardiomyocyte receptor impairments. If overt heart failure develops, consultation with a 
cardiologist is advisable. 

3.3.4 Pulmonary complications 

The pulmonary system derangements in decompensated cirrhosis are characterized by distinct 
disorders of varying severity. In the hepatopulmonary syndrome (HPS), excess vasodilation of 
the pulmonary vasculature system limits oxygen diffusion across the alveolar-capillary 
membrane. Vasodilation may occur through nitric oxide and other circulating vasodilators, 
or through arteriovenous malformations resulting in intrapulmonary shunts; the difference 
in these two mechanisms distinguish type I and type II HPS, respectively. Presenting 
symptoms include dyspnea, platypnea, orthodeoxia, cyanosis, and hypoxemia. Arterial 
blood gas and transthoracic double bubble echocardiogram or lung perfusion scans can help 
establish the diagnosis. Supplemental oxygen improves hypoxemia in type I HPS, whereas 
embolization of arteriovenous malformations can be performed in type II syndrome. In both 
forms, liver transplantation is the definitive treatment, and the presence of either form 
facilitates priority listing for transplantation.  

Portopulmonary hypertension (PPH) is a form of pulmonary arterial hypertension occurring in 
the presence of portal hypertension, and portends a poor prognosis. The mechanism of the 
adverse effects of portal hypertension on the pulmonary vasculature remains unclear. 
Proposed explanations include endothelial remodeling in response to a hyperdynamic 
circulation, as well as inflammatory cascades related to cytokines. Patients present with 
exertional dyspnea, fatigue, chest pain, and signs of volume overload. Diagnosis is 
confirmed by right heart catheterization, which demonstrates a pulmonary artery pressure 
(PAP) of 25 mmHg or greater with a normal pulmonary capillary wedge pressure. The 
degree of PAP elevation correlates with mortality during liver transplant, and patients with 
moderate or severely elevated pressures generally are not candidates for transplantation. 
Continuous infusion of vasodilatory prostaglandins such as epoprostenol may improve 
hemodynamics and reduce PAP to allow patients improved likelihood of tolerating 
transplantation.  

Hepatic hydrothorax refers to pleural effusions that occur when diaphragmatic defects allow 
the transudation of ascitic fluid into the pleural space. Dyspnea, cough, chest discomfort, 
and respiratory collapse can occur. Diagnostic and therapeutic thoracentesis should be 
performed to exclude infection, malignancy, and cardiopulmonary etiologies of pleural 
effusions. Diuretics such as furosemide and spironolactone can be administered, but 
patients with respiratory compromise should undergo therapeutic thoracentesis. Chest 
tubes are contraindicated in hepatic hydrothorax, as re-expansion pulmonary edema and 
hypovolemic shock can occur and are poorly tolerated in the cirrhotic patient. If hepatic  

hydrothorax is refractory to diuresis and thoracentesis, TIPS is indicated to help prevent the 
formation of ascites and subsequent transudation. 
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3.3.5 Renal impairments 

Hepatorenal syndrome (HRS) is defined as an increase in creatinine to greater than 1.5 g/dL or 
a decrease in creatinine clearance to below 40 mL/min. HRS is a dreaded complication of 
cirrhosis, and can develop unexpectedly at any point in the course of illness. Splanchnic 
vasodilation in the setting of cirrhosis results in reduced effective blood volume and pre-
renal acute kidney injury. HRS is a diagnosis of exclusion. Two forms exist; type I 
progresses rapidly, whereas type II progresses over a longer time period; both are fatal 
without transplant. When diagnosing HRS, other causes of acute kidney injury in cirrhosis 
must be excluded, including dehydration and over-diuresis, medication effects, and intrinsic 
renal insults. Diagnostic criteria for HRS include: cirrhosis with ascites, creatinine level of at 
least 1.5 mg/dL, lack of response to diuretic withdrawal and volume expansion, absence of 
shock, and absence of nephrotoxic and parenchymal renal etiologies.  

A definitive curative treatment for HRS is limited to liver transplantation, but supportive 
measures aimed at correcting the pathophysiology are in trial. Terlipressin has been studied 
for HRS in addition to its use in variceal hemorrhage, and has demonstrated the ability to 
reverse Type 1 HRS. Octreotide and the alpha agonist midodrine can induce splanchnic 
vasoconstriction, thereby potentially reversing the pathophysiology of HRS. Avoidance of 
additional renal insults, including diuretics and other nephrotoxic agents, is essential. The 
TIPS procedure can be used to improve overall circulatory function through portal venous 
decompression. Finally, renal replacement therapy is often required while patients await 
transplant. 

3.3.6 Infectious complications 

Further complications of decompensated cirrhosis include a predisposition to infections, 
owing to a chronic low-grade inflammatory state produced by excess cytokines and reduced 
clearance of toxins. Impaired function of macrophages and antigen presenting cells and 
decreased levels of complement are also implicated. In the setting of septic shock, early goal-
directed therapy is warranted, but over-resuscitation of volume can increase portal 
pressures and lead to exacerbation of portal hypertension. As in acute liver failure, patients 
with decompensated cirrhosis may benefit from use of glucocorticoids to supplement 
vasoactive agents (Fernandez et al., 2006). Bacterial pathogens are most typical, but fungal 
infections occur frequently in cirrhosis and should be considered in the differential 
diagnosis. 

3.3.7 Ascites 

Abdominal ascites is another notable manifestation of decompensated cirrhosis. Ascites  
can cause significant morbidity, including abdominal pain and discomfort, dyspnea and 
orthopnea, hepatic hydrothorax, spontaneous bacterial peritonitis, and abdominal 
compartment syndrome. Abdominal compartment syndrome is characterized by restrictive 
lung mechanics, renal and mesenteric vascular compromise, and hypotension due to 
compression of the inferior vena cava.  

Ascites develops in response to renal hypoperfusion, which results in upregulation of the 
renin-angiotensin-aldosterone system to increase sodium and water retention. Elevated 
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portal pressures produce a capillary hydrostatic pressure gradient, forcing fluid into the 
abdominal interstitium. Sodium restriction and use of diuretics can be used to manage 
ascites. Refractory ascites can be managed with serial large-volume paracentesis or 
placement of a TIPS shunt. 

3.3.8 Spontaneous bacterial peritonitis 

Spontaneous bacterial peritonitis (SBP) is a frequent complication of ascites, and can precipitate 
hepatorenal syndrome. Common pathogens of SBP include E coli, K pneumonia, and S 
pneumococcus, although culture-negative SBP occurs as well. Recommended antibiotics 
include third-generation cephalosporins or fluoroquinolones; daily maintenance antibiotics 
are used for secondary prophylaxis. If SBP is suspected, treatment with antimicrobials while 
awaiting culture results is appropriate.  

4. Indications for liver transplantation 

Many patients with worsening ALF or ACLF are eligible for orthotopic liver transplant. 
Indications for transplant are numerous and include acquired or congenital etiologies, viral 
hepatitis, drug-induced ALF, cirrhosis, cholestatic diseases, metabolic disorders, vascular 
derangements, and hepatocellular carcinoma. Because the supply of donor grafts is 
exceeded by the demand for transplantation, organ allocation is critical. The process of 
organ allocation is defined by country-specific donor and recipient allocation schemes. 

Several models for prognostic data in ALF have been proposed. Consensus exists in the 
belief that the degree and clinical trend of coagulopathy and hepatic encephalopathy remain 
the most important prognostic indicators, and are helpful in determining patient 
appropriateness for transplantation listing. ALF may resolve with supportive treatment, but 
frequently progresses to death in the absence of transplantation. Patients with ALF therefore 
have highest priority for liver transplantation. 

Patients with decompensated cirrhosis are classified by the Model For End Stage Liver 
Disease (MELD) score (Murray and Carithers, 2005), which has largely replaced the Childs 
Pugh system, with higher MELD scores indicating higher mortality. Although exceptions 
are made, including for hepatocellular carcinoma, a MELD score of 15 or higher is generally 
required to list patients with end stage liver disease for transplantation.  

Several contraindications for transplantation exist. Active alcohol or substance abuse, 
medical non-adherence, poor social support, extrahepatic malignancy, significant 
cardiopulmonary disease, uncontrolled sepsis, extrahepatic systemic infections, and 
uncontrolled psychiatric illness are examples of contraindications to liver transplantation.  

5. Salvage mechanisms and bridges to transplant 

Although liver transplantation is life-saving for acute and chronic liver failure, the 
immunosuppressant medications necessary to prevent rejection and allow optimal graft 
function following transplant are frequently accompanied by adverse metabolic effects, 
nephrotoxicity, and susceptibility to potentially fatal infections. In addition, the demand for 
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transplant greatly exceeds the supply of donor livers, and many patients either die while 
awaiting a donor or become too critically ill to qualify for transplant. The discrepancy in  
the supply and demand for organs, and the high pre-transplant mortality and post-
transplant morbidity have generated interest in surgical techniques to avoid transplantation 
and chronic immunosuppression, and support systems to serve as a bridge to transplant or 
spontaneous recovery. Examples of these include auxiliary liver transplantation and liver 
assist devices. 

5.1 Auxiliary liver transplantation 

An alternative to traditional orthotopic liver transplantation for patients with ALF is  
that of auxiliary transplant, based on the well-established regenerative capacity of 
hepatocytes. Unlike traditional transplantation, where native hepatectomy is performed 
simultaneously with donor engraftment, in auxiliary transplants, the patient’s native liver 
is left surgically intact, while a partial or smaller sized donor graft is transplanted. This 
procedure allows assumption of hepatic functions by the donor graft, resolution of multi-
organ failure, and clinical stabilization of the patient. In turn, the native liver benefits  
both from additional time, as well as improved physiological conditions, thus maximizing 
the opportunity for hepatic regeneration. Younger patients (below 40 years of age) with 
ALF due to viral hepatitis or acetaminophen toxicity appear to have the best outcome 
with this strategy. After native hepatic function is demonstrated, the auxiliary graft can  
be removed, but is most frequently allowed to atrophy by withdrawal of 
immunosuppression. Complete cessation of immunosuppression can be achieved in many 
patients (Boudjema et al., 1995). 

5.2 Artificial and bioartificial hepatic support systems 

Mechanical hepatic support systems serve as a bridge to transplant in patients with ACLF, 
and as a bridge to transplant or spontaneous recovery in patients with ALF. These systems 
are designed to reproduce the detoxifying functions of the liver, and mimic the principles 
upon which renal replacement therapy is based. While conventional renal dialysis removes 
small toxins and water-soluble toxins, the liver detoxifies larger toxins and protein-bound 
toxins. Dialysis of these larger and protein-bound toxins through unbound human albumin 
solutions allows the removal from the patient’s circulation.  

Several artificial systems have been developed utilizing albumin dialysis. The Molecular 
Adsorbent Recirculating System (MARS), Single Pass Albumin Dialysis (SPAD), and 
Prometheus are examples; of these, MARS has been the most widely studied. MARS has 
been utilized for management of hepatic encephalopathy, cerebral edema, hepatorenal 
syndrome, treatment of drug overdoses, and as a bridge to transplantation (Mitzner, 2011). 
MARS has been shown to improve hemodynamic parameters and organ perfusion during 
circulatory collapse, and has been associated with improvement in hepatic synthetic 
function. For patients with ACLF, MARS can provide temporarily relief of intractable 
pruritis and fatigue. 

Bioartificial systems work similarly to artificial systems to remove toxins by albumin 
dialysis, but additionally utilize human or porcine hepatocytes to mimic hepatic synthetic 
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function. Advances in the development of bioartificial systems have been limited by the 
challenges in maintaining hepatocyte viability.  

6. Conclusion 
Acute liver failure and acute on chronic liver failure are complex illnesses often culminating 
in multi-organ failure, and require meticulous care in the pre-transplant phase. Mortality in 
the absence of transplantation is high, but the advent of multi-disciplinary critical care has 
significantly improved the outcome in these disease processes. A protocolized approach to 
the intensive care management of patients prior to liver transplantation will favorably 
impact the pre-transplant and post-transplant status of these patients. 
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1. Introduction 
Liver transplantation, is the replacement of unhealthy liver with a new liver allograft. This 
surgical procedure is now widely common all over the world in various medical centers. 
The major limiting factors of this surgery is the lack of available donors and decreased 
chance of appropriate patient selection. Anesthetic management of organ donors includes 
intensive management of heart beating and brain dead donors; however the augmentation 
of waiting list for liver and inadequate cadaveric organs resulted in elevated living donor 
transplantation rates especially for the critically ill patients who will not survive waiting 
until a brain dead donor is provided, resulting in the growing experience in anesthetic 
techniques for the management of living donors (Pickett et al, 1994; Lutz et al, 2003).  

The most common indications for orthotopic liver transplantation (OLT) in adults are 
alcoholic cirrhosis, chronic cirrhosis due to hepatitis C, primary biliary cirrhosis and 
primary sclerosing cholangitis. The most common indication for OLT in pediatric patients is 
biliary atresia, followed by metabolic disorders (alfa-1 antitrypsin deficiency, Wilson’s 
disease, tyrosinemia, Crigler-Najjar type-1 syndrome), fulminant hepatic failure, cryptogenic 
cirrhosis, neonatal hepatitis, and malignancy.  

The association of liver failure with pathologic status of all other organ systems requires a 
thorough examination of the liver host and a fastidiously scheduled anaesthesia. A detailed 
monitoring of the patient and a careful therapeutic concept is required to meet the 
extraordinary conditions during liver transplantation. This report sheds light on the 
anaesthesiological approach of the liver transplantation and summarizes suitable 
therapeutic options. 

2. Anesthetic management of the living donors 
In order to permit successful transplantation of the liver, it is necessary to provide excellent 
conditions for the donor while preserving optimal hemodynamic parameters (Pickett et al, 
1994; Lutz et al, 2003). However anesthetists may face severe hemodynamic instability, 
which is frequently seen in donors especially during the harvesting period when organs are 
removed (Pickett et al, 1994). Hemodynamic stability can be achieved by maintaining 
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sufficient organ perfusion, adequate cardiac output, avoiding excessive bleeding, keeping 
hematocrit at about 30% and preventing coagulopathies (Lutz et al, 2003). 

Invasive monitoring is obligatory to ensure sufficient organ perfusion and cardiac output, 
because of the major hemodynamic, hematologic and metabolic disturbances associated 
with hemorrhages and electrolyte imbalances that may be seen especially in right 
hepatectomy procedures (Lutz et al, 2003). During the operation, a central venous pressure 
(CVP) below 5 cm H20 is suggested in many liver transplantation protocols to decrease 
blood loss and graft edema. Chen et al. found a correlation between CVP and blood loss 
during resection of liver; however, Chhibber et al. reported no significant decrease in blood 
loss in patients with low CVP (Chen et al, 2000; Chhibber et al, 2007). Balci et al. has 
recommended an acute intraoperative normovolemic hemodilution technique and fluid 
restriction in a group of live donors (Balci et al, 2008).  

The type of the intravenous solutions are also important in liver transplantation as well as 
their amount. Although there is no definitive data about a detrimental effect, 0.9% saline is 
known to be associated with hypercloremic metabolic acidosis. The Ringer’s lactate solution 
is contraindicated because lactate metabolism will be disrupted as the liver is resected, 
furthermore serum lactate levels increase after resection. Plasmalyte may be an alternative 
being devoid of lactate, however there is no clear data that it is superior to other crystalloids. 
Despite the absence of definitive data about adverse outcome, since hydroxyethyl starch 
solutions are known to effect the coagulation system, they should be used with caution. 5% 
albumin can be used after hepatectomy, but it has also no proven benefit (Hwang and 
McCluskey, 2010). 

Preventing major life threatening bleeding during transsection of liver requires 
extraordinary attention by the surgical team. Preparation of autologous blood and 
hemodilution in operating room may prevent transfusion complications (Merritt et al, 2004).  

Anesthetic management of living donors is maintained with general anesthesia. Commonly 
used anesthetic agents such as modern inhalational anesthetics, sufentanil, fentanyl, 
remifentanil, propofol, cis-atracurium and vecuronium have no adverse effects on liver 
functions. In live donor hepatectomies, Rabie et al. investigated the effects of propofol or 
isoflurane, both of which were similar in terms of perioperative hemodynamics, blood loss, 
duration of surgery and hospital stay (Rabie et al, 2006).  

Appropriate antibiotic prophylaxis (at least 20 minutes before skin incision) including a 
third-generation cephalosporin and metronidazol covering anaerobic infections, in addition 
to venous thromboembolism prophylaxis including subcutaneous heparin or low-molecular 
weight heparin with pneumatic compression stockings should be administered. Prior to 
donor graft perfusion 1000-5000 IU intravenous heparin is administered and its reversal is 
often not needed (Hwang and McCluskey, 2010). 

Considering the rapid recovery from anesthesia and difficulties in pain control, general 
anesthesia combined with epidural anesthesia seems to be effective; a mid thoracic epidural 
application may be the best form of pain relief during early postoperative period. However, 
despite the data that epidural analgesia seems to be safe in spite of postoperative 
coagulation disorders in hepatectomy operations (Choi et al. 2007), it has been discouraged 
because of postoperative unpredictable coagulation profile and epidural hematoma risk of  
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living donors (Stamenkovic et al, 2011). On the other hand, since the kinetics of intravenous 
analgesics and opioids after liver resection have not been clarified yet, extra attention is 
required for the usage of these agents. Hwang and McCluskey reported that intravenous 
patient-controlled analgesia or intrathecal morphine may become an alternative for pain 
control in living donors. Regional techniques such as paraspinal blocks, transversus 
abdominus plane blocks, incisional field blocks are still investigated for their effect and 
safety in these patients (Hwang and McCluskey, 2010). 

3. Anesthetic management of the recipients 
Once the patient is scheduled for liver transplantation, the transplantation team has to 
consider the deterioration in the recipient functional status. All members of team, especially 
anesthesiologists should do their best to reduce the morbidity and mortality of this 
procedure in such high risk patient population. 

3.1 Preoperative evaluation and premedication 

The selection of appropriate and perfectly prepared recipient is the gold standard for the 
success of liver transplantation. Besides the complexity of the operation, most patients have 
an already disturbed physiology because of the hepatic disease, challenging the 
anesthesiologist (Table 1) (Findlay, 2002). Liver diseases strike all major organ systems 
leading to an unexpectedly chaotic scenario for the anesthesiologist, including hepatic 
failure, multiorgan dysfunction, encephalopathy, and severe metabolic disorders, and 
revealing the preoperative evaluation and premedication an essential part of the preparation 
of the patient. Besides, sepsis, metastatic malignancy, severe congestive heart failure, 
pulmonary hypertension and unresolved alcoholism are the contraindications for liver 
transplantations.  

Cardiovascular system: Since the criteria for transplantation is expanded, the age limits has 
been extended to the older ages, thus bringing ischemic heart diseases as a major problem to 
be evaluated in the preoperative period (Steadman, 2004). Although coronary angiography 
is the gold standart for this assessment, considering the usage of radiographic contrast in a 
patient group with a high-risk of renal dysfunction precludes the usage of this technique; 
leading to other screening methods such as transthoracic echocardiography in combination 
with a stress test. Exercise tests are not suitable for end-stage liver disease patients, because 
they cannot complete the test adequately. Thus, pharmacologic stress tests; stress 
echocardiography or myocardial perfusion scan have to be used instead (Niemann, 2010). 
Dobutamine stress echocardiography (DSE) is the screening method in many centers; 
including the advantage of diagnosing pulmonary hypertension and valvular heart disease 
(Niemann, 2010; Steadman, 2004). Preoperative assessment should include echocardiography 
in order to determine the baseline cardiac function and pulmonary artery pressures (Findlay, 
2002). In alcoholic liver disease, amyloidosis, hemochromatosis and Wilson’s disease 
nonischemic cardiomyopathy may be seen. However hypertrophic cardiomyopathy is rarely 
seen, it may cause dynamic left ventricule outflow tract obstruction during liver 
transplantation (Aniskevich et al, 2007). Most of the end-stage liver disease patients have a 
hyperdynamic state characterised by an increased cardiac output and arteriolar vasodilatation 
(Glauser et al, 1990). Portopulmonary hypertension may be found in these patients. Severe  
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System Patophysiologic changes related to liver failure 

Cardiovascular 

• Hyperdynamic Circulation 
 
 
 
 
 
 
 
• Portopulmonary 

Hypertension 

• High cardiac output,  
• Low resistance,  
• Increased cardiac index and left atrial 

size,  
• Mild left ventricular hypertrophy and 

ischemic heart disease; clinical 
cardiomyopathy (especially alcohol, 
amyloid, Wilson’s hemochromatosis);  

• Autonomic neuropathy (mild in 
cirrhosis, moderate in amyloid) 

Respiratory 

• Hypoxia • Restrictive pattern (ascites),  
• Pleural effusion;  
• Flow-related or anatomical 

intrapulmonary shunting 
(hepatopulmonary syndrome);  

• Non-cardiogenic pulmonary edema 
(fulminant hepatic failure);  

• Obstructive airways disease 
(especially cystic fibrosis, alpha-1 anti-
trypsin deficiency);  

• Interstitial lung disease (primary 
biliary cirrhosis) 

Hematologic 

• Coagulopathy 
 
 
 
 
 
• Anemia 

• Decreased and defective synthesis of 
Vit K dependent clotting factors,  

• Trombocytopenia (hypersplenism or 
marrow depression),  

• Platelet dysfunction;  
• Low grade DIC and/or 

hyperfibrinolysis 

Central Nervous 
System 

• Hepatic encephalopathy 
• Cerebral edema (fulminant 

failure) 

 

Renal System, 
Electrolyte and 
Metabolic disorders
 

• Hepatorenal Syndrome 
(prerenal failure from 
splanchnic ‘steal’);  

• Acute tubular necrosis from 
sepsis;  

• Tacrolimus/cyclosporin-
related renal impairment; 
renal tubular acidosis 

• Hyponatremia 
• Hypomagnesemia,  
• Hyperkalemia,  
• Hypokalemia, and/or 

metabolic acidosis and 
hypoglycemia 

 

Table 1. Patophysiologic changes related to liver failure (Findlay, 2002; Ozier & Klinck, 2008) 
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System Patophysiologic changes related to liver failure 
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portopulmonary hypertension is associated with increased perioperative mortality and right 
heart failure (Krowka et al, 2000; Ramsay et al, 2000). For detecting preoperative 
portopulmonary hypertension, transthoracic echocardiography may be reliable enough in 
experienced hands, but echocardiography should be reperformed.  

Respiratory system: Respiratory complications seen in liver disease include restrictive lung 
disease, intrapulmonary shunts, pulmonary hypertension and ventilation-perfusion 
abnormalities. Hypoxemia is often related to the restrictive lung disease caused by ascites 
and/or pleural effusions, frequently responding to fluid removal. However, hypoxia may 
occur in the absence of ascites or intrinsic pulmonary disease, then this is called 
hepatopulmonary syndrome; contributing to shunting, ventilation-perfusion mismatch 
and/or diffusion defects. The presence of pulmonary hypertension responding to 
vasodilators is not a contraindication for transplantation. Pulmonary hypertension may 
improve, persist or develop following transplantation (Steadman, 2004). 

Hematological system: In addition to the routine blood tests; coagulation tests and arterial 
blood gases should also be obtained (Findlay, 2002). In the normal hemostasis, liver is 
important for the production of prothrombin, fibrinogen, factors V, VII, IX and X (except 
von Williebrand factor-synthesized in endothelial cells), sythesis of antithrombotic 
modulating factors (protein S, protein C and antithrombin III) and components of 
fibrinolytic system (plaminogen and α2-antiplasmin); also the clearance of activated 
coagulation factors. As the liver function is impaired, this natural balance between 
coagulation and its inhibition is impaired, whereas the balance between the fibrin 
polymerization and fibrinolysis is also disturbed; which occurs due to the decreased 
production of antiplasmin and inadequate clearance of tissue plasminogen activators, 
(Hannaman&Hevesi, 2011). All the coagulation factors are decreased, except fibrinogen 
and factor VIII. Besides, Fitzgerald factor, alpha-1 antitrypsin, alpha-2 macroglobulin, 
antithrombin-III and plasminogen levels are all decreased. Fibrin degradation products are 
positive in one third of the patients. Thrombocytopenia occurs in 70% of the patients, often 
complicated with the functional derangement of the platelets. For the best approach to treat 
coagulopathic disorders, defects must be identified in laboratory screening tests to predict 
bleeding risk in recipients, but the liver diseases have complicated effects on the balance 
between prohemostatic and antihemostatic mechanisms. Prothrombin time (PT), the 
activated partial thromboplastin time (APTT) and platelet count shows the defect in 
procoagulant functions. Unfortunately, defects in inhibitory pathways are less clear. The 
net effect of instability of these systems is unpredictable and administration of fresh frozen 
plasma (FFP), platelets and other blood products before the surgery should be 
reconsidered. There is a correlation between the severity of preoperative coagulopathy and 
intraoperative requirement for blood and blood products; as the severity increases, 
requirements are increased. Chronic disease anemia, malnutrition and bleeding is also 
common in recipients. In patients with the coagulation disorders intramuscular injections 
should be avoided. 

Central nervous system: In advanced liver diseases, hepatic encephalopathy within a range 
of mild stupor, deep coma and unresponsiveness, is often seen. Diuretic therapy, 
gastrointestinal bleeding, infections and advancement in liver disease worsen encephalopathy. 
In order to exclude a preexisting organic disease mimicing hepatic encephalopathy, EEG, 
stimulated potential tests and computed tomography are recommended to be performed. 
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Any organic disease, that contributes to the changes in cerebral functions, is a 
contraindication for liver transplantation. Cerebral edema occurs in 50% of the patients with 
acute fulminant hepatitis. Cortical atrophy and non-specific changes are also seen at variable 
degrees in patients with chronic liver disease. Chronic liver disease is rarely associated with 
cerebral edema, but hepatic clearance failure leads to accumulation of toxins and alterations 
in endogenous transmitters, messengers such as γ-amino butyric acid (GABA), glutamate 
and nitric oxide. In preencephalopathic patients benzodiazepines should be avoided. In 
fulminant liver failure with Grade III-IV encephalopathy intracranial pressure monitoring 
may be required in order to maintain cerebral perfusion pressure >60 mmHg (Ozier&Klink, 
2008). A severe coagulopathy may result in intracranial hemorrhage. 

Renal system: The most common cause of renal failure associated with hepatic failure is 
hepatorenal syndrome, which is characterized by the absence of primary renal disease, 
proteinuria, hypovolemia and hemodynamic cases of renal hypoperfusion. Treatment with 
vasoconstrictors improving splanchnic vasodilation, decreasing endogenous vasoconstrictors 
leading to an improvement in renal blood flow is often successful (Duvoux, 2002; Gines, 
2004; Wong, 2004). Contrast for diagnostic procedures and nephrotoxic agents should be 
avoided in these patients. Even a less advanced renal disease deserves management because 
it may also worsen the posttransplant period (Davis, 2002).  

Gastrointestinal system: Esophageal varices, portal hypertension, ascites are frequently 
seen in patients with end-stage liver-disease. This complex state also includes delayed 
gastric emptying which contributes to a major problem especially during the induction of 
the anesthesia, thus premedications should include "aspiration" prophylaxis with ranitidine, 
metoclopramide, and particulate-free antacid. 

Endocrine system: In liver diseases it is widely known that the carbonhydrate and protein 
metabolism is impaired, and glucose intolarence and insulin resistance occur. Serum insulin 
level is increased both because of the hypersecretion and decreased clearance. In addition to 
this, in acute fulminant hepatitis, depletion of glycogen stores, decreased gluconeogenesis 
and other humoral changes may result in a severe hypoglycemia. In advanced liver diseases, 
severe reductions in albumin levels may also be seen (<2gr).  

Drug metabolism: All the plasma proteins, especially albumin which mainly provides 
plasma oncotic pressure, are produced in liver, except gama-globulin. The decrease in 
albumin levels (<2gr) results in intra- and extravascular volume changes, leading to an 
increase in distribution volume of drugs (e.g. neuromuscular blocking agents). Also, the 
duration of action of some anesthetic agents (such as opioids) are prolonged because of the 
increased volume of distribution and decreased metabolism. End-stage liver disease patients 
may be resistant to some drugs due to increased binding to globulin. Thus, initial dosages of 
the drugs are increased; on the other hand, because of the decreased levels of albumin, the 
unbound fraction of the drugs is increased; which leads to increased effectivity and duration 
of action of these drugs. 

Premedication is usually administered unless the patient has an advanced hepatic 
encephalopathy. Oral diazepam 5-10 mg, lorazepam 2-3 mg can be used for adult patients, 
whereas 0.1-0.2 mg/kg of diazepam can be used orally for pediatric group of patients. 
Intramuscular injections should be avoided in patients with coagulopathy. Low dose 
midazolam (1-2 mg/kg) has become a routine before induction in the anesthetic practice. 
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All patients should be considered to have full stomach; H2 receptor blockers and 
particulate-free antacids can be used preoperatively. 

3.2 Monitoring 

Routine monitoring consisting of electrocardiography, pulse oximetry, capnograph and 
temperature monitor should be in place (Findlay, 2002). Full invasive monitoring including 
direct arterial blood pressure (close monitoring of the systemic pressures, also facilitating 
frequent blood sampling) (Peterfreund and Allain, 2003), central venous, and pulmonary 
artery pressure measurements are obligatory for the management of severe coagulopathy, 
metabolic disorders, massive blood loss, temperature alterations, hemodynamic instability, 
and other organ dysfunctions (Table 2).  

Monitoring 
• ECG 
• Pulse Oximetry 
• Capnography 
• Temperature 
• Arterial Catheter 
• Central Venous Catheter 
• Pulmonary Artery Catheter 
• Transesophageal Echocardiography 

Table 2. Monitoring during liver transplantation (Findlay, 2002; Peterfreund and Allain, 2003) 

ECG: ECG monitoring is a cornerstone showing clinical outcome of electrolyte changes. Due 
to the rapid and profound changes in electrolyte levels during the various phases of liver 
tranplantation, ECG may reflect the cardiac disturbances; which require prompt treatment. 
Fatal ventricular fibrillation due to the hyperkalemia during reperfusion period has also 
been reported (Ozier & Klink, 2008). 

Arterial blood pressure: Invasive arterial blood pressure monitoring is essential for 
providing continuous monitoring to see frequent hemodynamic changes usually secondary 
to surgical manipulations such as caval clamping, sudden blood loss, hepatic reperfusion 
during liver transplantation and also providing access for blood sampling for coagulation 
tests. Radial artery pressure monitoring may underestimate aortic pressure in hypotensive 
scenarios and femoral arterial systolic pressure is higher than radial, and the use of 
vasoconstrictors increases these variances (Arnal et al, 2005). 

Central venous cannulation and pulmonary artery catheterization: Pulmonary artery 
catheterization (PAC) and CVP monitoring are standards in many centers. Liver transplant 
recipients are hyperdynamic, characterized by increased cardiac output (CO) and decreased 
peripheral vascular resistance (SVR) and arterial pressure (Liu et al, 2006; Moller & 
Henriksen, 2008). The patients with cirrhosis have a reduced total blood volume index 
(Henriksen et al, 1989), because of this relative hypovolemia, adequate volume management 
during liver transplantation is a gold standard for improvement of tissue perfusion 
(Nasraway et al, 1995). The various phases of liver transplantation may limit the accuracy of 
CVP measurements, however considering the low CVP approach to reduce blood loss and 
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liver congestion, central venous cannulation is necessary (Niemann, 2010). Central venous 
cannulation can be applied before or after anesthetic induction and endotracheal intubation. 
However, the patients with encephalopathy, tense ascites, respiratory compromise caused 
by atelectasis or pleural effusions, may not tolerate the Trandelenburg position and draping 
of the face that are required for the central cannulation; thus it may be more suitable 
performing these procedures after the induction of anesthesia (Peterfreund and Allain, 
2003). Although less invasive monitoring gets more popular nowadays, because of severe 
PAC-induced ventricular arrhythmias (Gwak et al, 2007); PAC may still be particularly 
useful in renal insufficiency, respiratory compromise or unstable hemodynamics that exist 
prior to surgery (Peterfreund and Allain, 2003). 

Transesophageal echocardiography: Transoesophageal echocardiography (TEE) is 
increasingly used for cardiac monitoring. It is relatively noninvasive and provides visual 
information on valvular and ventricular function and gives a chance of diagnosis of 
embolization, but unfortunately it is not available in many centers (Burtenshaw et al, 2006). 
In a report of multi transplant centers the rate of PAC and TEE used was respectively 30% 
and 11.3% (Schumann et al, 2003). During the last decade, transpulmonary thermodilution 
has been becoming popular to measure circulating blood volumes (Shippy et al, 1984). In 
recent years, noninvasive techniques such as lithium thermodilution is compared with PAC 
(Costa et al, 2008). Vigileo monitor is a good choice at low and normal CO, but is not 
appropriate for the hyperdynamic cirrhotic patients (Della et al, 2008; Biancofiore et al, 2009; 
Biais et al, 2008) (see also Future Directions for Circulatory Monitoring). 

Temperature: Large insicions and prolonged duration of the procedure result in a high risk 
of hypothermia; to prevent the heat loss warming devices, heated humidifier, warming 
blanket, and a forced-air warming device should be present (Findlay, 2002).  

Venous access: Sufficient large-bore venous access should be in place in case of a sudden, 
massive hemorrhage. Since the procedure involves inferior vena cava (IVC) obstruction; the 
cannulas should be in the upper part of the body. This venous access is also needed for the 
return of blood if veno-venous bypass (VVB) is used. Peripheral or central often two 8F or 
larger cannulas are preferred. A rapid infusion pump should be ready to infuse blood or 
fluids warmed to 37 C at a rate of 1.5L/min (Findlay, 2002).  

Other monitors: All patients have nasogastric tubes and bladder catheters (Peterfreund and 
Allain, 2003). Nasogastric tubes should be used with caution because of the possible 
esophageal varices and coagulopathies that may cause bleeding (Topal & Celik, 2009). 

Future directions for circulatory monitoring: A perfect monitoring device for circulation 
has not been clearly defined yet. There are ongoing investigations for continuous 
hemodynamic monitoring such as the FloTrac/Vigileo (Edwards Lifesciences, Irvine, CA, 
USA), which is a self-calibrating arterial pulse contour cardiac output monitoring system; 
and LİDCO (LiDCO Cardiac Sensor System, London, UK) which is a pulse contour waveform 
analysis system. However, because of the various changes in hemodynamics during phases 
of liver transplantation, these monitors lose their accuracy. Similarly, thermodilution 
technique may also become inaccurate because of the rapid changes in temperature, rapid 
infusion of fluids and changes due to reperfusion of the graft. It is difficult to recommend 
one monitor as a superior to the other, so while planning monitoring, one of the devices 
including PAC, CVP and TEE is going to be chosen in addition to arterial line or lines 
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(sometimes two arterial lines are preferred) (Liu et al, 2011). As the correlation between the 
pathophysiology of hepatic microcirculation and ischemia/reperfusion injury has been 
demonstrated, intraoperative analysis if ischemia/reperfusion-induced impairment of 
hepatic microcirculation has gained interest. Orthogonal polarization spectral imaging has 
been used accurately for this purpose; quantifying the sinusoidal perfusion rate, vessel 
diameter and venular RBC velocity (Puhl et al, 2005). 

3.3 Anesthetic induction and maintenance 

Drug metabolism and clearance depend on the state of liver blood flow and P450 
cytochrome system in hepatocytes. Due to the various disease states with different patterns 
of liver dysfunction, there is not a standard protocol for any drug. Drug biotransformation is 
related to the anesthetic practice in two ways. One of them is the sensitivity to the 
microsomal enzyme induction accelarate the biotransformation; the inhalational anesthetic 
agents and barbiturates cause microsomal enzyme induction. The second one is the 
impairment of hepatic blood flow in hepatic diseases leading to an increase in half-lives of 
drugs, because of the decrease in their biotransformation rates. In advanced liver diseases, 
the half-lives of meperidine, lidocaine and diazepam have been shown to be increased, 
similar to the duration of action of thiopenthal. In healthy patients thiopenthal binds to 
protein at a rate of 75%, while 50% in liver diseases. Thus, considering the decrease in 
metabolism and protein binding of the drugs in these patients, it should be kept in mind 
that intermittent dosing and usage of different drugs as combinations may result in 
accumulation of these drugs, which is very important in anesthetic practice. 

Careful monitoring of drug effects with titrating the drug, considering the coagulation 
profile, volume status, and general hemodynamic state of patients, is important for 
clinicians to be current in their understanding of how transplant patients should be 
managed.  

After preoxygenation, the induction of anesthesia may be performed by using either one of 
the hypnotic agents, thiopental or ketamine using invasive monitoring, and also midazolam 
can be used for its amnestic properties and minimal effects on hemodynamics. A routine 
rapid sequence induction with cricoid pressure should be performed because of the risk of 
aspiration. A semi-upright position can be applied until the abdomen is open; in order to 
prevent rapid oxygen saturation and to facillitate ventilation. Liver failure associated with 
renal dysfunction with increased potassium levels may prevent the usage of succinylcholine 
(Peterfreund and Allain, 2003). The pharmacokinetic changes, increase in extracellular 
volume, decrease in serum albumin and glycoprotein levels and elevated bilirubin and other 
metabolites in liver disease; result in an increase in the requirement of first dose of non-
depolarizing muscle relaxants and prolong the duration of their action. Because of the 
organ-independent elimination and diminished histamin release cis-atracurium and 
atracurium are preferred; however, the others can also be used safely (Topal&Celik, 2009); 
vecuronium bromide and rocuronium as neuromuscular blocking agents provide optimal 
conditions. The new liver graft may be evaluated by vecuronium since the time for the 
return of a train-of-four (TOF) with a nerve stimulator correlates with the function of the 
new liver (Lukin et al, 1995). Similarly, the duration of action of rocuronium is also used for 
the assessment of allograft function; >150 minutes refers to allograft dysfunction (Marcel et 
al, 1997). 
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In the intraoperative period; using lower tidal volumes (6-8 ml/kg) and avoiding positive 
end-expiratory pressure may lower the preload and decrease the risk of bleeding 
(Hannaman&Hevesi, 2011). Different variations have been used for anesthesia maintenance 
and all have been informed to have less side effects on liver functions (Adachi et al, 2003). 
Maintenance of anesthesia can be provided by using isoflurane, desflurane or sevoflurane 
(Lukanovic et al, 2008) in an air-oxygen mixture with their minimal metabolism in the liver, 
supplemented with sufentanil or remifentanil infusions. Isoflurane has been the volatile 
agent to be preferred because of its vasodilation effect on hepatic circulation, which is 
advantageous for the reperfused graft, preserving splanchnic blood flow better than the 
others; especially when it is compared to the vasoconstrictor effects of halothane. 
Investigations addressing the effects of desflurane has conflicting results. In an animal study 
it has been shown to decrease hepatic blood flow in a dose dependent manner at 
concentrations up to 1 MAC; however in a human study although excluding patients with 
hepatic diseases and the results were not significant, it has been shown to provide better 
hepatic blood flow compared to that of isoflurane. In another study comparing the effects of 
desflurane and sevoflurane in terms of hepatic blood flow and hepatocellular integrity; both 
agents well preserved the hepatic functions, but decreased the splanchnic perfusion and 
oxygen delivery to the liver disturbing the hepatocellular integrity and gastric tonometry. 
The increased metabolism of sevoflurane which is a hundred times that of desflurane is not 
known to cause a detrimental effect on the liver (Steadman, 2004). In one of our study, we 
investigated the effects of sevoflurane in terms of metabolism and renal functions in liver 
transplantation, and sevoflurane seemed to have minimal effects on the kidney during liver 
transplantation (Kanbak et al, 2007). Erdem et al. reported a case of liver transplantation for 
the effects of sevoflurane in terms of extrahepatic metabolism and possible nephrotoxicity in 
liver disease; revealing a correlation between the levels of N-acetyl glucoseaminidase 
excretion and urine fluoride levels and no impairment in serum BUN and creatinin levels 
(Erdem, 2006). In fulminant hepatic failure, due to the elevated intracranial pressure, volatile 
anesthetic agents should be avoided or used with caution at lower dosages combined with 
ICP monitoring (Steadman, 2004). As an intravenous anesthetic agent propofol is another 
good alternative. Takizawa et al. found that during the anhepatic phase, compared with the 
dissection phase, the clearance of propofol was decreased and afterwards liver allografts 
immediately metabolized propofol (Takizawa et al, 2005). Morphine and propofol which 
rely on conjugation pathway may be more tolerated (Brown et al, 1993). 

Rossaint et al. combined early postoperative extubation and restrictive intraoperative fluid 
management techniques in liver transplant recipients (Rossaint et al, 1990). This approach 
resulted in rapid recovery of new liver functions and favoured early extubation. Early 
extubation is a goal for the operating team, because early liver graft recovery is associated 
with early patient recovery. Postoperative mechanical ventilation following liver 
transplantation is not required nowadays in the majority of patients, since immediate 
postoperative extubation is usually safe and well tolerated. In poor clinical condition with 
severe preservation injury, special attention is required in extubation. These patients may 
not be appropriate for fast tracking protocols and may be at elevated risk of prolonged 
postoperative ventilation. 

Although the progress in liver transplantation owing to improved techniques in medicine is 
excellent, maintaining the stability of the patient who has marginal liver functions is 
critically complicated. 
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3.4 Hemodynamic and haematological management: The three phases of liver 
transplantation 

3.4.1 The preanhepatic phase 
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instability may be seen as a result of drainage of liters of ascitic fluid, transection of large 
varices and surgical manipulation of the liver, temporarily obstructing venous return. 
However, in this period of liver transplantation, the primary issue is surgical bleeding. 
Several approaches have been applied to reduce bleeding: preoperative autologous blood 
donation, erythropoietin administration, intraoperative isovolemic hemodilution, blood 
salvage, maintenance of low intraoperative central venous pressure (CVP), and 
normothermia to prevent hypothermia-induced coagulation abnormalities (Chibber et al, 
2007). The low CVP approach maintaining the pressure at or below 5 cm H2O has been 
shown to provide an 80% reduction in blood loss, although the usage of this strategy still 
remains controversial (Liu & Niemann 2011). Fluid resuscitation results in a decrease in 
coagulation factors and platelet count (Murray et al, 1995). Packed red cells and fresh frozen 
plasma should be prepared at this time. During this time period for the evaluation of the 
coagulation, thromboelastograph and standard laboratory tests (prothrombin time, 
fibrinogen and platelet count) can be used. Monitoring coagulation parameters differs, but 
the prothrombin time, INR, partial thromboplastin time, fibrinogen and platelet counts are 
monitored in most of the transplantation centers. While thromboelastography is used in 
approximately 33% of centers, the activated clotting time is used in approximately 18% of 
centers (Schumann et al, 2003). Excessive treatment of coagulopathy is not usually 
recommended at this phase unless bleeding is extreme. As a result of improved 
intraoperative techniques, some centers reported average RBC transfusion rates as low as 2 
U (De Boer et al, 2005). The requirements for the blood products has been reduced for over 
the last decade, that several reports revealed the number of liver transplants without any 
administration of blood products has been increased. Because, blood tranfusion may have 
its own adverse events such as; subacute transfusion complications including fluid overload, 
hypothermia, hypocalcemia, hyperkalemia, acid-base disturbances; and more seriously, 
acute hemolytic transfusion reactions, infusion of a bacterially contaminated unit, tranfusion 
associated lung injury, severe allergic reactions and anaphylaxis; moreover immune 
modulation associated with worse outcome (Niemann, 2010; Hannaman & Hevesi, 2011). 
Diuretics can be used to maintain euvolemic conditions and reduce transfusion requirements. 
Mannitol, with its potential for free radical scavenging and antioxidant properties, can help 
to remove free water in the abdominal organs, which is due to the congestion of blood flow 
through the fibrosed liver; particularly being useful in hepatorenal syndrome. Mannitol can 
be used before clamping or during the anhepatic phase (Vater et al, 2004) (Table 3).  

Calcium chloride administration during the absence of hepatic functions avoids citrate 
intoxication related with the infusion of citrate rich blood products (Scott et al, 1996).  

The risk of an air embolism during the manipulation of vena cava should be considered in 
case of sudden decrease in expired carbon dioxide associated with hemodynamic instability. 

3.4.2 The anhepatic phase 

The anhepatic phase starts with the occlusion of blood inflow to the liver and ends with 
graft reperfusion. The procedure of clamping the inferior vena cava and portal vein, and  



 
Liver Transplantation – Basic Issues 

 

344 

dividing the hepatic vasculature (including IVC) results in the loss of venous return leading 
to a high risk of cardiovascular collapse with a marked decrease in cardiac output and 
hypotension. The resulting increase in distal venous pressure may increase bleeding, impair 
renal perfusion and often promotes edema and ischemia of intestines. This may be 
overcome by veno-venous bypass which involves cannulation of portal and femoral veins, 
diverting the blood flow from IVC and portal veins to the axillary vein; improving renal 
perfusion pressure, lessening splanchnic congestion and delaying the development of 
metabolic acidosis (Findlay, 2002; Steadman, 2004). VVB improves hemodynamic stability, 
reduces blood loss, and allows extra time during the anhepatic phase. The first successful 
use of venovenous bypass (VVB) is reported in 1984 (Shaw et al, 1984). Venovenous bypass 
is used only in some centers. Although there are many benefits of venovenous bypass such 
as reducing hemodynamic instability and blood loss during anhepatic phase, maintaining 
intraoperative renal function and cerebral perfusion pressure in patients with acute 
fulminant failure by avoiding rapid swings in blood pressure (Shaw et al, 1984; Chari et al, 
1998; Grande et al, 1996; Veroli et al, 1992), the use of it is not without risk such as; air 
embolism, thromboembolism, brachial plexus injuries and incorrect cannulation which may 
be mortal and may increase the risk of morbidity. The decision of using VVB depends on 
medical team experiences, preferences and judgement. The volume restriction brings the 
usage of vasopressors, as an alternative to veno-venous bypass. Transient inotropic support 
in addition to blood and fluid replacement is often required until effective veno-venous 
bypass is established. Norepinephrine and vasopressin improve circulatory stability and 
renal perfusion without impairing the mesenteric blood flow (Wadei et al, 2006; Alessandra 
et al, 2007). In order to preserve renal functions, prophylactic mannitol administration prior 
to and during venous clamping may be beneficial.  

Transfusion of blood leads to a large citrate load that can no longer be metabolised when the 
liver is removed, resulting in hypocalcemia and secondary myocardial depression. 
Treatment with periodic calcium chloride administration should be guided by ionized 
calcium concentration measurements to avoid hypercalcemia. On the other hand, acid 
metabolites originating from intestine and lower body cannot be cleared in the absence of 
liver, resulting in progressive acidosis. Sodium bicarbonate therapy should be guided by 
arterial blood gas analysis, because excessive administration may result in hypernatremia, 
hyperosmolality and metabolic alkalosis. Although hypoglycemia can occur, hyperglycemia 
is more likely, due to the large amounts of transfused blood products. Glucose containing 
solutions are not used unless hypoglycemia is documented. Due to absence of a liver 
produced plasminogen activator inhibitor, fibrinolysis may begin during this phase. During 
this significantly notable phase platelets and coagulation factors continue to decrease. 
Antifibrinolytic strategies differs among centers. Postreperfusion syndrome may follow 
within a few minutes with severe hypotension, decreased heart rate, and a major decrease in 
systemic vascular resistance together with an increase in pulmonary artery pressure (Table 3).  

After hepatectomy, vascular anastomoses of the supra- and infra-hepatic inferior vena cava 
and the portal vein are performed. 

3.4.3 The neohepatic phase 

In neohepatic phase, when the venous anastomosis to the graft is completed, the liver is 
flushed with blood and the clamp on IVC is released. This reperfusion of the graft is  
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associated with elevations of potassium and hydrogen ion concentrations, increase in 
preload and decrease in systemic vascular resistance with a decrease in blood pressure. 
Aggarwal described ‘postreperfusion syndrome’ (PRS) in 1987, and defined it as at least 30% 
decrease in mean systemic blood pressure for more than 1 min during the first 5 min 
following reperfusion and by initial reperfusion of the hepatic artery (Aggarwal et al, 1987; 
Moreno et al, 2006). Despite the restoration of blood volume, electrolyte and acid base 
balance, hypotension and bradycardia are also common. Avoiding excessive fluid 
administration and hypervolemia is one of the intraoperative aims, maintaining a low CVP 
via IV volume restriction or phlebotomy (Massicotte et al, 2006). Besides volume restriction, 
plebotomy or using both; nitroglycerin may become a pharmacological alternative, in 
patients whose blood pressures are tolerable, to keep the CVP low (Massicotte et al, 2006; 
Hannaman & Hevesi, 2011 ).  

Significant hemodynamic changes such as decreased cardiac output, increased splanchnic 
and lower caval pressures, decreased renal perfusion pressure, and reduced systemic 
arterial pressure may be seen during this period. Mediators may be released by the ischemic 
liver including xanthine oxidase, a generator of cytotoxic oxygen radicals which may 
produce myocardial and cellular damage. Strong vasopressors with an alpha-agonist action 
such as norepinephrine may be required (Ramsay et al, 1992). These changes related to 
reperfusion may be decreased by using the piggy back technique contributing to a side-bite 
of IVC allowing the venous return to continue (Findlay, 2002; Gurusamy et al, 2011). Initial 
arterial reperfusion may be preferable only in patients with poor cardiac reserve (Moreno et 
al, 2006). Hypothermia is a marker for the presence of graft outflow into the central 
circulation. Calcium chloride should be given for treating life-threatening hyperkalemia and 
possibly bicarbonate administration must be considered. Electrocardiographic changes 
require prompt treatment. Even in the absence of treatment, increased potassium levels fall 
spontaneously within minutes due to redistribution. The severe coagulation disorder seen in 
this period is mainly multifactorial in its etiology including reperfusion hypothermia, 
ionized hypocalcemia, dilutional coagulopathy, quantitative and qualitative defects in 
platelets, heparin effect, fibrinolysis and humoral substances released by the grafted liver 
(Pvalizza et al, 2001; Hannaman & Hevesi, 2011). Infrequently, excessive activation of 
coagulation may occur during this phase (Gologorsky et al, 2001). 

Coagulation disorders should be corrected during this phase of the surgery to obtain 
sufficient results. However, using blood products may result in hypervolemic state and a 
paradoxical increase in blood requirement. Fibrinolysis, shown by the thromboelastograph, 
should be reversed with aminocaproic acid and antifibrinolytics or cryoprecipitate may be 
required. Thromboelastograph helps assessing both cellular and humoral components of 
whole blood coagulation and fibrinolysis; and also the effects of antifibrinolytic therapy, 
cryoprecipitate, fresh frozen plasma, platelet and protamin as treatment strategies. 
However, there have been some case reports of thromboembolic complications in patients 
treated with antifibrinolytic agents (Manji et al, 1998; Sopher et al, 1997; O’Connor et al, 
2000; Gologorsky et al; 2007; Ramsay et al, 2004; Ellenberger et al, 2006). A systematic review 
and meta-analysis of the safety of antifibrinolytic drugs has not shown any relationship with 
thrombosis in liver transplantation (Molenaar et al 2007). Certainly, antifibrinolytics should 
not be used prophylactically in patients with a history of thrombotic events. 

Signs of liver function which may be seen in the operating room are decreased calcium 
requirements, improvement in acidosis, increased urine output, rising core temperature and 
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biliary output from the graft. As the graft begins functioning the coagulopathy gradually 
improves. Fibrinolysis and heparin effect ceases within 2 hours, coagulation factors and 
platelets begin to increase toward baseline levels; prothrombin time and activated partial 
thromboplastin time reach their baseline values within a few days (Hannaman&Hevesi, 
2011) (Table 3). 

Preanhepatic phase 
 

• Baseline Tests 
• Intravenous antibiotics 
• Warmers 
• Incision 
• Induction of anesthesia 
• Invasive monitoring (arterial catheter, pulmonary catheter) 
• Lower CVP (5 cm H2O), restriction of iv fluid administration, 

phelobotomy if Hgb>10 g/dl 
• Vasopressin (Norepinephrine) to keep mean blood pressure 

(BP)>60 mmHg 
• Epinephrine or dopamine to preserve cardiac output 

(C.O)>5L/min  
• Maintain Hgb >7 g/dl, platelets>40.000, MA (TEG)>45mm, 

fibrinogen>100 mg/dl 
• Prior to clamping, iv mannitol 0.5 g/kg  
• Just before clamping 

• IV Heparin 3-5000 U  
• Increase CVP to 10 cm H2O  
• In severe hypoalbuminemia 25% 

Anhepatic Phase 
 

• Maintain Hgb >7 g/dl 
• IV fluids to keep CVP around 5 cm H20 
• Vasopressin/Norepinephrine to preserve BP>60 mmHg and 

C.O>5 L/min 
• Correct base deficit 
• Normocalcemia 

Neohepatic Phase 
 

• Reperfusion 
• IV vasopressin 1-5 U bolus to keep BP>60 mmHg 
• Euvolemia (CVP 5-10 cm H2O) 
• Dopamine/epinephrine to preserve C.O>5L/min 
• Norepinephrine/vasopressin to preserve BP>60 mmHg 
• Transesophageal Echocardiography if necessary  
• Maintain Hgb>7 g/dl, platelets>40.000, fibrinogen>100 mg/dl  
• TEG: 

• Protamin 30 mg iv if R is more 
• Maintain MA>45 mm with platelet infusion 
• If Ly30>8% iv EACA 5gr  

• Consider fast tracking 

Table 3. The evidence-based protocol for liver transplantation that is outlined by University 
of Wisconsin (Hannaman & Hevesi, 2011) 
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3.5 Sodium, potassium and glucose management in organ transplantation 

A lot of recent studies have investigated electrolyte and glucose management in organ 
transplantation. In the last decade, anesthesiologists paid attention to intraoperative glucose 
management. Interaction between glycemic control and organ transplantation were recently 
reviewed (Marwin&Morton, 2009). Hyperglycemia increases the expression of adhesion 
molecules and the production of cytokines, increases ischemic damage and the 
inflammatory response to ischemia/reperfusion (Marwin & Morton, 2009). In addition to 
this; the documented risk of hypoglycemia with intensive insulin therapy has led to the 
modification of more conservative glycemic targets, but investigation of glycemic control in 
transplant recipients are limited. Although transplant patients were not specifically 
mentioned, The American Association of Clinical Endocrinologists (AACE) and the 
American Diabetes Association (ADA) reported a consensus statement on glycemic control 
(Moghissi et al, 2009). A perioperative ‘middle ground’ target glucose of between 140 and 
180 mg/dl seems appropropriate (Keegan & Wright, 2010; Lazar et al, 2009). However, 
studies of glucose management in transplant recipients are limited. 

In transplant patients, predictors and potential treatments especially for perioperative 
hyperkalemia has been documented, because hyperkalemia leading to ventricular 
fibrillation is still reported, although in most patients a progressive decrease is seen. A 
retrospective analysis of 1124 liver recipients showed that 10.2% of patients had 
hyperkalemia with high baseline potassium values (Xia et al, 2007). High recipient 
potassium concentrations were found to be an independent predictor of death within the 
first year after liver transplantation (Dawwas et al, 2009). Bank blood transfusion imposes a 
severe potassium increase, and hyperkalemia may complicate the status of the transplant 
patient, especially in the presence of renal impairment and acidemia (Nakasuji& Bookallil, 
2000). Serum potassium concentrations must be checked periodically and prereperfusion 
hyperkalemia must be corrected aggressively. Treatments are administration of insulin–
glucose and/or salbutamol, furosemide, washing of bank blood using cell-salvage 
equipment, and hemodiafiltration. The effectiveness of different volumes of 5% albumin 
solution for the washout of preservation fluid in liver transplant grafts prior to reperfusion 
was measured; proposing the minimal washout fluid volume as 500 ml to reduce the risk of 
postreperfusion syndrome and hyperkalemia (Homvises et al, 2008). During neohepatic 
period baseline hypokalemia, low body weight (pediatric patients), administration of fresh-
frozen plasma units and absence of ascites at surgery were independent predictors for 
hypokalemia (Xia et al, 2006). Potassium should be administered carefully, since it leads to 
hyperkalemia easily and is more likely to be dangerous than no treatment. 

Besides, hyponatremia occurs in approximately 20% of patients with decompensated 
cirrhosis and has been shown to be a predictor of death for patients with end-stage liver 
disease listed for liver transplantation (Kim et al, 2008). The brain adapts to hyponatremia 
by losing intracellular solutes limiting brain edema (Gines P & Guevara, 2008). Treating 
hyponatremia may prevent hepatic encephalopathy. While correcting hyponatremia rapidly 
in the presence of lack of adaptation by the brain may lead to osmotic demyelination 
syndrome. Central pontine myelinolysis (CPM) in liver transplant recipients appear to be 
associated with a rapid rise in serum sodium concentration in previously hyponatremic 
patients (Zhang et al, 2009). This syndrome is often associated with neurological morbidity 
and mortality. A review of 1247 patients undergoing liver transplantation reported 11 
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patients diagnosed with CPM by neurological imaging findings (Lee et al, 2009). Patients 
with hyponatremia can be successfully operated but they are at increased risk of cerebral 
demyelination syndromes. In one report rapid correction of hyponatremia causing a 
perioperative rise of 21-32 Meq/L in the serum sodium were associated with central pontine 
myelinolysis, while an increase of 16 mEq/L was not (Wszolek et al, 1989). The first step in 
management of hyponatremia is determination of the patient’s volume status (Gines P & 
Guevara, 2008).  

3.6 Early-extubation (fast-tracking) 

In general, fast tracking of a patient refers to improvement in quality of care, short length of 
stays in ICU and hospital and reduced costs of total treatment. Prolonged mechanical 
ventilation is no longer desired, for a group of patients devoid of risk factors, following 
orthotopic liver transplantation (OLT). ‘Fast-tracking’ defined as tracheal extubation at the 
conclusion of surgery before leaving the operating room, varies widely among the centers 
for OLT recipients. In liver transplantation the aim is rapid progress from preoperative 
preparation throughout the surgery and early discharge from hospital. Because of the nature 
of this procedure; awaiting recipients for a cadaver liver donor graft, fast-tracking 
contributes to intra- and post-operative surgical and anesthesiological strategies; meaning 
generally a reduction in the postoperative ventilation time (Glanemann, 2007).  

In recent years there is a gradual increase in the number of early extubated recipients 
approaching to approximately 70-80% (Forraz-Neto et al, 1999; Park et al, 2000; Biancofiore 
et al, 2005; Salizzoni et al, 2005). Postoperative positive airway pressure ventilation 
combined with sedation has been known to decrease surgical stress response, improve 
haemodynamic stability and facilitate early recovery; however leading to elevated 
intrathoracic pressures it causes an increase in pulmonary vascular resistance which in turn 
rises right ventricular afterload. The possible associated tricuspit regurgitation there may 
occur venous congestion in the graft (Jullien et al, 1995). On the other hand, spontaneous 
breathing has been shown to reduce intrapleural pressures, improving venous return and 
hepatic blood flow; leading to a better recovery (Kaisers et al, 1995). Fast-tracking combined 
with the restrictive fluid management have been shown to result in rapid recovery (Rossaint 
et al, 1990). 

Fast-tracking of the patients with liver transplantation is usually safe and well tolerated; 
postoperative mechanical ventilation is no longer required for the majority of patients who 
are devoid of risk factors (Glanemann, 2007). However, as the Model for end-stage liver 
disease (MELD)-score based organ allocation system has been introduced, the number of 
patients to be the candidates for fast-tracking is decreased; because it has been shown that 
early extubation also has its own complications including postoperative ventilatory failure 
resulting in impaired oxygen delivery to the new graft and reintubation for early surgical 
complications such as bleeding, bile leak, thrombosis or retransplantation (Mandell et al, 
2007). 

Risk factors for prolonged mechanical ventilation after liver transplantation has been 
described in a statistical analysis. Acccording to this analysis, encephalopathy and a body 
mass index >34 were significantly associated with failure, thus cannot be extubated in the 
operating room. Primary graft dysfunction, renal failure, cardiovascular failure, neurological 
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impairment, use of >12 units of red blood cells and pulmonary edema cannot tolerate 
extubation within 3 hours postoperatively. Acute liver failure, retransplantation, severe 
preservation injury to the graft, mechanical ventilation prior to surgery and use of >15 units 
of red blood cells and fresh frozen plasma require mechanical ventilation at least 24 hours 
postoperatively (Mandell, 2002). 

3.7 Pain management 

Orthotopic liver transplant patients were reported to experience less pain and use less 
morphine in the postoperative period compared to liver resection patients (Moretti et al, 
2002). Chen et al have found morphine consumption significantly lower in patients with 
end-stage liver disease undergoing living-donor liver transplantation; compared with 
healthy living liver donors and patients with liver cirrhosis due to chronic hepatitis B or C 
virus infection and hepatocellular carcinoma undergoing hepatectomy, only on the first 
postoperative day (Chen et al, 2010).  

Epidural anesthesia and analgesia provide a good quality of pain relief after major 
surgery. Cosidering the well known coagulation disorders associated with liver surgery, 
epidural hematoma formation is a major risk. Nowadays, although it seems that epidural 
analgesia for living liver donor is a safe method for analgesia, it may be hazardous for 
recipients because of unpredictable coagulopathies after liver transplantation (Lukanovic 
et al, 2008). 

The type of surgical incision, in particular upper midline compared with subcostal incision 
affects postoperative pain, but the safety and efficacy needs to be further evaluated (Kim et 
al, 2009).  

3.8 Postoperative adverse events 

3.8.1 Early complications (Table 4) 

Hypothermia: In the intensive care units it takes 3-8 hours to warm a patient; during this 
period of hypothermia and warming there is always a risk of arrhtyhmias. Also during this 
period, shivering causes the metabolic rate to increase. 

Prolonged mechanical ventilation: Over 72 hours of mechanical ventilation is required for 
15% of the patients; mainly due to preoperative malnutrition, postoperative hemmorhage 
and primary non-functioning donor graft. 

Bleeding: The requirements for blood transfusion continues also in the postoperative 
period. In reoperations a bleeding site is often found, however in a majority of patients this 
can also be caused by coagulopathy. Prothrombin time may remain high in the 
postoperative period and also trombocytopenia may develop because of the sequestration 
during recirculation. Thromboelastogram is a useful monitor also for the coagulopathy in 
the postoperative period. 

Hypertension: The hyperdynamic circulatory state tends to become normal during the 
posttransplantation period, however in 55-85% of patients hypertension may develop, 
resulting in intracranial hemorrhage. 
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Impaired liver function tests: Within the first 48-72 hours, inadequate perfusion of the graft, 
venous congestion and edema may lead to functional impairment. However, in the 
following period coagulopathy improves, whereas aminotransferase, alkalene phosphatase 
and bilirubin levels start to decrease. 

Malnutrition: The patients with end-stage liver disease are often malnourished and have 
depleted protein stores. Following transplantation protein catabolism occurs, leading to a 
negative nitrogen balance within a month. This protein catabolism results in an increase in 
urinary 3-methylhistidine levels, revealing this catabolism originates from muscle. 

The primary non-functioning of donor graft: The increase in the levels of liver enzymes 
within 1 week after transplantation refers to acute cellular rejection, which requires biopsy 
for the definitive diagnosis. Retransplantation is necessary before the other organs are 
affected. 

Sepsis: Most of the patients are transfered back to the ICU because of sepsis, following their 
discharge from ICU. Selective intestine decontamination may limit bacterial infections, 
however non-bacterial organisms contribute to a major problem. 

Others: Bile leak, thrombosis of hepatic artery and portal vein may be major complications 
during this period. Moreover, hyperglycemia, renal insufficiency and neurologic 
impairments may also occur, as side-seffects of immunsuppressive therapy. 

3.8.2 Late complications (Table 4) 

Obesity (30-40%), hyperlipidemia (30%), diabetes (13-30%), osteoporosis and malignancy 
may occur due to the long-term immunsuppressive therapy (Lopez et al, 2006). 

Early Complications 

• Hypothermia 
• Prolonged mechanical ventilation 
• Bleeding 
• Hypertension 
• Impaired Liver Function Tests  
• Malnutrition  
• The primary non-functioning of donor graft  
• Sepsis  
• Others  

Late Complications 

• Obesity  
• Hyperlipidemia  
• Diabetes  
• Osteoporosis  
• Malignancy 

Table 4. Postoperative Adverse Events after liver transplantation 

4. Anesthesia for non-transplant surgery in liver-transplanted patients 
Liver transplant recipients may return to the operating room for reexploration, which is 
frequently for biliary reconstruction. In these cases, liver usually functions normally, leading 
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to anesthetic considerations including regional techniques such as epidural catheters similar 
to any abdominal procedure (Baker et al, 2005). The liver grafts that are functioning 
appropriately can metabolize the drugs effectively, however this functioning should be 
assessed. Coagulation abnormalities should be treated with vitamin K or FFP, ascites with 
diuretics or paracenthesis and encephalopathy should be avoided with lactulose 
administration and careful use of sedatives; these may improve outcome in these patients. 
Renal functions should also be assessed, moreover hypertension may be a common problem 
in these patients. Stress dose of corticosteroids may be required for patients who receive 
chronic supplementation. Because of the powerful immunsuppressive therapy, steril 
conditions should be optimized for the placements of venous and epidural catheters. Drugs 
that may decrease hepatic blood flow should be avoided (Steadman, 2004). 
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1. Introduction 
Orthotopic liver transplantation (OLT) became a treatment modality in Denver (Starzl et al., 
1963) and Cambridge, England in 1968 (Calne, 2008) although exposing critically ill patients 
to extensive surgery was a challenge and in the 1970s, the one year survival rate remained in 
the vicinity of only 25% (Starzl et al., 1981). One problem was to manage the often 
impressive blood loss and rapid infusion devices were developed to provide large amounts 
of blood products at body temperature (Stammers et al., 2005). During OLT the blood loss 
has, fortunately, declined and in the 1980s, the average number of blood units administered 
was reduced to 20 and in some centres, ~ 80% of patients are now without a need for 
administration of blood (Massicotte et al., 2004). Yet, there remains differences among 
centres and for a number of patients, OLT is associated with a significant blood loss 
(Massicotte et al., 2004). Furthermore, haemodynamic challenges are inevitable during the 
operation. Corresponding to the metabolic activity of the liver, the hepatectomy is likely to 
reduce cardiac output (CO) and in cases for which caval and portal clamping are used, 
blood accumulates in the splanchnic region and in the lower part of the body which together 
leads to a decline in CO by 40%-50% (Ozier & Klinck, 2008). Conversely, CO often doubles 
during reperfusion of the grafted liver as peripheral vasodilatation is provoked by the 
release of blood from the splanchnic region mixed with the chilled outflow from the liver, 
potentially with a high potassium concentration (Ozier & Klinck, 2008). Also it may be that 
the heart is unable to respond with an adequate increase in CO to reperfusion of the grafted 
liver, or that there is a reduction in CO despite an, apparently, adequate central blood 
volume (CBV), accepting that reperfusion of the liver and re-establishing splanchnic blood 
flow may release some cardio-inhibiting factor (Jordan et al., 1999). Given redistribution of 
the blood volume during OLT, monitoring of the circulation is, ideally, directed to secure 
CBV rather than the total blood volume.  

As for other types of surgery, there is no universally accepted strategy for haemodynamic 
monitoring during OLT, save a mandatory arterial line and recording of heart rate (HR) by 
ECG (Ozier & Klinck, 2008). Yet, mean arterial pressure (MAP) and HR are inadequate for 
monitoring CBV (Bundgaard-Nielsen et al., 2007a). For example, there may be no significant 
deviations in these variables until a hypovolaemic shock is provoked (Murrell et al., 2009). 
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Furthermore during surgery, HR and especially MAP are affected by the anaesthetic agents 
and by the surgical stress (Ejlersen et al., 1995a). Despite these limitations in the use of HR 
and MAP to detect deviations in CBV, the capability to balance CBV is of importance for 
tissue perfusion and oxygenation and notably for oxygenation of the brain (ScO2) (Nissen et 
al., 2009a), indicating that advanced cardiovascular monitoring is required to secure the 
well-being of the patient (Yao et al., 2004;Bundgaard-Nielsen et al., 2007a;Murkin et al., 2007) 

In order to maintain CBV during surgery, it is important that normovolaemia is defined. For 
supine humans the heart operates on the upper flat part of the Frank-Starling curve (Harms 
et al., 2003) and to establish and to maintain a maximal resting stroke volume for the heart 
(or CO) secures that the patient remains normovolaemic during the operation and that fluid 
administration strategy reduces postoperative complications to an extent that affects the 
hospital stay (Bundgaard-Nielsen et al., 2007a). Such goal directed fluid therapy was 
introduced by Shoemaker et al. (Shoemaker, 1972;Shoemaker et al., 1988) in regard to CO but 
without taking the individual and partly genetically determined differences in CO (Snyder 
et al., 2006) into account. Accordingly, this chapter focuses on how normovolaemia can be 
established and maintained during OLT despite the difficulties confronting the definition of 
normovolaemia by the spontaneous changes in stroke volume, CO and (mixed) venous 
oxygen saturation (SvO2) during the different phases of the operation. A second goal of this 
chapter is to introduce devices that can be applied for intraoperative monitoring of CBV and 
ScO2. Focus is on the importance of maintaining a normal CBV to secure cerebral blood flow 
(CBF) and ScO2 since these variables are taken to express the integrity of the cardiovascular 
system and their defence, at least potentially, prevents postoperative complications and 
cognitive dysfunction (Murkin et al., 2007). In addition, the volume administration strategy 
applied during the operation is addressed. 

2. Normovolaemia  
By definition it seems difficult to defend that any patient should be provided with a fluid 
overload or be maintained hypovolaemic and yet, even hypovolaemic shock is sometimes 
treated with sympatomimetic drugs (De Backer D. et al., 2010). For balancing volume 
administration it is of interest that normovolaemia can not only be defined but also 
defended during surgery. For healthy supine humans stroke volume, CO, and SvO2 do not 
respond to expansion of CBV and, therefore for supine humans, a volume administration 
strategy that secures that the heart operates on the upper ceiling of the Frank-Starling curve 
maintains the patient normovolaemic (Harms et al., 2003;Jans et al., 2008;Bundgaard-Nielsen 
et al., 2009c) (Fig. 1).  

For individualized goal-directed fluid therapy, volume is administered until a flow related 
parameter such as stroke volume, CO or SvO2, reaches a maximal value (Jenstrup et al., 
1995), i.e. volume is administrated until cardiac function does not depend on preload to the 
heart. This volume administration strategy is of interest not only because it remains elusive 
what volume rate a fixed volume administration strategy should aim at (Bundgaard-Nielsen 
et al., 2009b), but also because an individualized fluid administration strategy, in contrast to 
a fixed volume strategy, consistently improves outcome for surgical patients (Bundgaard-
Nielsen et al., 2007a; Lopes et al., 2007; Donati et al., 2007; Abbas & Hill, 2008; Mayer et al., 
2010).  
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Fig. 1. Relationship between systemic haemodynamic variables, mixed venous oxygen 
saturation and tilt angle. BP, systolic, mean and diastolic blood pressure; HR, heart rate;  
CO, cardiac output; SvO2 mixed venous oxygen saturation. Variables are mean ± S.E.M.  
# P < 0.05 vs. 0 deg. Dashed line represents the supine position; 70 a, 70 deg head-up tilt for 
10 min; 70 b, last minute of 70 deg head-up tilt for nine subjects (From Harms et al., 2003 
with permission) 

Based on administration of a crystalloid or a colloid, an inherent difficulty for 
individualized goal directed fluid therapy is, however, that a reduction in haematocrit is 
associated with an increase in CO, i.e. normovolaemic haemodilution increases CO (Krantz 
et al., 2005). In other words, it is not CO but SvO2 that is the regulated variable since the red 
cells create their own flow regulation through the release of ATP and NO when oxygen is 
released from oxyhaemoglobin (Gonzalez-Alonso et al., 2006). To direct fluid administration 
on the basis of establishing maximal values for stroke volume or CO requires that there is 
added a rule to limit the fluid administered. A common algorithm implies that a 10%, or 
larger increase in stroke volume justifies further administration of 200–250 ml of colloid, 
thereby minimizing the risk of creating a fluid overload (Bundgaard-Nielsen et al., 2007a). In 
contrast, during isovolaemic haemodilution, SvO2 remains stable until the haemoglobin level 
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is reduced by approximately 50% (Krantz et al., 2005) and volume administration based on 
the recording of ScO2 is therefore widely independent of the type of fluid used. 

When CBV is normalized by fluid to establish a maximal SvO2, the administration of 100 
ml fluid results a ~1% increase in SvO2 for the adult patient (~ 70 kg) (Ejlersen et al., 1995a) 
and that relationship applies also to children when the volume is adjusted according to 
body weight. For supine humans, SvO2 is on an average 75% (Harms et al., 2003) but for 
patients undergoing OLT, SvO2 is typically ~ 85% (Ejlersen et al., 1995b) reflecting that for 
these patients CO is larger (7-9.5 l/min) (Table 1) than for a reference population (6.5 
l/min). 

 Dissection 
phase 

Anhepatic 
phase 

Reperfusion End of 
operation 

HR (bpm) 95 90 87 97 
CI (l m-1 min-1) 4.4 3.3 5.0 4.5 
SvO2 (%) 85 81 86 82 
TA (Ohm) 29 28 29 26 
MAP (mmHg) 88 89 85 87 
CVP (mmHg) 10 10 14 11 
PAMP (mmHg) 18 17 26 21 
SVRI (mmHg m2 min l-1) 142 195 105 120 
PVRI (mmHg m2 min l-1) 11 14 9 12 
Temperature 36 35 35 35 

HR, hear rate; CI, cardiac index; SvO2, mixed venous saturation; TA, thoracic electric admittance; MAP, 
mean arterial blood pressure; CVP, central venous pressure; PAMP, pulmonal arterial mean pressure; 
SVRI, systemic vascular resistance index; PVRI, pulmonal vascular resistance index (Modified from 
Skak et al., 1997). 

Table 1. Cardiovacular variables during OLT 

Reperfusion of the grafted liver is associated with peripheral vasodilatation and although 
CO is likely to increase (Table 1), situations associated with peripheral vasodilatation, as 
during heating (Wilson et al., 2009), are likely to reduce CBV. The importance of establishing 
normovolaemia from the induction of anaesthesia is illustrated by an increase in ScO2 as 
determined by near infrared spectroscopy (NIRS) and similarly determined muscle 
oxygenation (SmO2) since both these indices of tissue oxygenation increase in parallel with 
CO as the heart becomes filled with blood and decrease with the filling of the heart during a 
bleeding episode (Fig. 2). 

Conversely, to maintain the commonly accepted 70% value for SvO2 (Rivers, 2006) is likely to 
represent a 1.5 l volume deficit for the patient undergoing OLT, considering the 1% 
reduction in SvO2 to 100 ml blood volume relationship during hypovolaemia (Ejlersen et al., 
1995a). A 1.5 l volume deficit is so large that it compromises MAP and ScO2 (Secher et al., 
1992) since a ~30 % reduction of the blood volume and, hence CBV elicits a Bezold-Jarisch-
like reflex including a critical reduction in CBF (van Lieshout et al., 2003;Secher & van  
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Fig. 2. Venous (SvO2) and muscle oxygen saturation (SmO2) plotted together with filling of 
the left ventricle (LVAd), and volume balance in a patient exposed to an episode of 
intraoperative bleeding and following volume expansion (C. Tollund unpublished) 

Lieshout, 2009;Madsen & Secher, 1999). The Bezold-Jarisch-like reflex also provokes a 
marked (30-fold) increase in plasma vasopressin (Sander-Jensen et al., 1986)  with long-
lasting effect on urine production and could explain a potential difficulty in maintaining a 
reasonable urine production after surgery. Typically, the patients are in need of 0.5 l of 
volume before OLT (Ejlersen et al., 1995b), a value that corresponds to that found also for 
other groups of patients before surgery (Jenstrup et al., 1995;Bundgaard-Nielsen et al., 
2007b;Bundgaard-Nielsen et al., 2009a). If it is felt desirable to maintain urine production, 
it is important that such an initial volume deficit is corrected and, eventually, a larger 
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fluid load may be required than that which establishes that the patient has been provided 
with a normal blood volume. For additional volume threatment of patients, the 
administration of lactated Ringer solution is preferable to the administration of saline 
(Waters et al., 2001). 

3. Cardiac output 
With a definition of normovolaemia based on the ability of the heart to establish an 
adequate flow, CO is of interest. As mentioned, patients undergoing OLT present a large CO 
while MAP may be low (el-Masry et al., 2009; Ejlersen et al., 1997). Yet MAP often normalises 
when the blood volume, and hence CBV, is expanded to an extent that it does not limit CO, 
i.e. the patients are provided with the CBV that healthy subjects are provided with when 
supine (Harms et al., 2003). However, significant ascites may affect venous return to the 
heart by pressure on the inferior caval vein that can be relieved by tilting the patient to the 
left - as known from women before birth - but that pressure is eliminated as the abdominal 
cavity is opened at start of surgery. As indicated, however, OLT is associated with significant 
changes in the cardiovascular system from the dissection phase to the anhepatic phase and 
following reperfusion of the donor liver and CO normalises only slowly by the end of the 
operation (Table 1).  

To attenuate a reduction in venous return to the heart from the clamped inferior caval vein 
during the hepatectomy and insertion of the donated liver and thereby stabilize CO, an 
extra-corporeal veno-venous bypass shunt (VVBP) can secure portal and femoral venous 
drainage to one or two veins on the arm or to a central venous access (Ozier & Klinck, 
2008). Veins on the arm are preferred to central veins to avoid that blood accumulates in 
the mediastinum in the case the catheter(s) has perforated the vein(s). Before a central vein 
receives blood from the shunt, it needs to be secured that blood can be aspirated from the 
catheter. The VVBP has a flow of 1.5-3 l/min, but for children and patients with a portal 
hypertension, venous return to the heart may be maintained by spinal and abdominal 
veins and veins along the oesophagus and there may, accordingly, be no need for a VVBP 
in these patients accepting substantial accumulation of blood in the splanchnic region. Yet 
surgical bleeding may be reduced if blood does not accumulate in distended abdominal 
veins.  

At any rate, blood accumulates in the splanchnic region while the portal vein is clamped for 
establishing the VVBP and when it is seponated the accumulated amount of blood helps to 
fill the donor liver. Alternatively, the “piggyback” technique for which the inferior caval 
vein is side-clamped can reduce the restrain on venous return to the heart during the 
hepatectomy and surgery on the vessels to the donor liver. Notably, stability of the 
circulation is secured if reperfusion of the liver is graded by declamping the caval vein 
above the liver followed by declamping the vein below the liver and thereafter establishing 
its arterial flow. 

3.1 Monitoring of cardiac output 

For monitoring of CO several methods are applicable and not all will be addressed here. 
Ideally the chosen method should be reliable, continuous, and easy to set-up and to use and  
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at the same time possess the capability for a fast response time. Of these priorities, the 
accuracy of the absolute value is of least relevance due to the marked inter-individual 
variations in CO among the patients, e.g. 2.5 to 17 l min-1 (Nissen et al., 2009b) and the often 
2-fold change in CO during the operation, but the method should be able, at all times, to 
report the changes in CO faithfully and most importantly so during reperfusion of the 
grafted liver. 

A pulmonary artery catheter (PAC) determines CO by thermodilution based on the 
Henriques-Stewart-Hamilton equation (Pinsky, 2007) and is for clinical use regarded as the 
golden standard, but it then requires an average of three or probably four determinations 
(Nilsson et al., 2004) based on bolus injection of (10 ml) cooled saline. Furthermore, it 
remains a problem that the baseline temperature is often too unstable to make a 
thermodilution determination of CO possible within the first minutes after reperfusion of 
the grafted liver. That problem is exaggerated with the version of PAC that uses heating 
filaments for “continuous” CO determination because the appreciated change in temperature 
is small and it may take 15 –20 min, or more, after reperfusion of the grafted liver before 
such a CO can be determined (De Wolf, 2006; Bao & Wu, 2008). 

The advantage of transoesophageal echocardiography (TEE) is that it provides a real-time 
image of the heart and thereby on-line information not only about filling of the heart but 
also about the structure and contractility of the myocardium (Della et al., 2009) of relevance 
especially during reperfusion of the grafted liver in case CO does not increase. Thus, TEE 
allows for distinction between a need for administration of volume versus sympatomimetic 
drugs. Unfortunately, however, mainly cardiac anaesthesiologists are familiar with the use 
of TEE and it remains a concern that TEE requires high costs and a need for training (Della et 
al., 2009). It should also be mentioned that although individualized goal directed fluid 
administration aims at filling the heart with blood (Figs. 1 and 2), a detailed TEE evaluation 
of whether that is the case requires off-line evaluation. 

Studies comparing CO determined by transoesophageal echo-Doppler (TED) against PAC 
show conflicting results (Shimamoto et al., 1992; Boucaud et al., 2008; Laupland & Bands, 
2002; Colbert et al., 1998) although there seems to be agreement to that changes in CO are 
reflected by TED. A disadvantage with TED is, however, frequent dislocation of the 
ultrasound probe (Lefrant et al., 1998) of relevance for the in general long-lasting OLT and 
TED is counter-indicated in patients with oesophageal disorders of relevance for many of 
the OLT patients and once a Doppler probe is in place it hinders TEE (de Waal et al., 2009). 

For continuous recording of CO, several methods appreciate the arterial waveform. The 
PiCCO and LiDCO generate a continuous CO by analysis of the arterial pulse pressure (PP). 
For both methods, an independent technique is used to calibrate the continuous CO analysis 
since the arterial pulse-pressure analysis does not account for variables such as changing 
compliance of the vascular bed. Recalibration of CO is recommended after changes in 
patient position, therapy, or condition (de Waal et al., 2009) of relevance for OLT encompassing 
marked changes in the vasculature through the different phases of the operation. 

In the case of PiCCO, transpulmonary thermodilution is used for calibration. As with the 
PAC, PiCCO appreciates transpulmonary thermodilution according to the Henriques-
Stewart-Hamilton principle but considers that a determination of a change in temperature 
from a central venous line to an arterial line (e.g. femoral or axillary) is less invasive than a 
determination based on a PAC catheter. The CO derived from this cold-saline 
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thermodilution is used to calibrate the arterial pulse-pressure contour that then provides the 
continuous CO. The PiCCO algorithm appreciates the blood pressure waveform 
morphology (i.e. mathematical analysis of the pulse-pressure waveform) and calculates a 
continuous CO as described by Wesseling et al (Wesseling et al., 1993). Transpulmonary 
thermodilution includes both the right and left side of the heart as well as the pulmonary 
circulation and that allows for further analysis of the thermodilution curve with measures of 
the cardiac filling volume, the intrathoracic blood volume, and the extravascular lung water, 
the latter addressing wheather pulmonary oedema is developed (Oren-Grinberg, 2010; 
Costa et al., 2007). Accepting that transpulmonary thermodilution may be a less invasive 
procedure for determination of CO than one based on PAC, it is also less accurate and still 
requires central venous and arterial lines. 

In the case of LiDCO, the independent calibration technique is lithium dilution, again 
according to the Henriques-Stewart-Hamilton principle. LiDCO uses lithium dilution from a 
peripheral vein to an arterial line and, thereby, does not express information on cardiac 
filling volumes or the extravascular lung water. It is also a concern that calibration cannot be 
performed frequently and calibration may be unreliable in patients with grave hyponatreamia 
(Morgan et al., 2008) that may manifest in some OLT patients. The PulseCO algorithm used 
by LiDCO is based on pulse power derivation rather than on waveform morphology. 

Continuous tracking of changes in stroke volume by arterial pulse wave analysis in 
Modelflow provides flow from pressure and has the potential to appreciate the importance 
of systemic blood flow (Wesseling et al., 1993;Harms et al., 1999). With Modelflow®, beat-to-
beat CO is estimated from the arterial pressure wave (Wesseling et al., 1993). Pressure from 
an arterial line is, after calibrating and zeroing to the mid-axillary level used as input to the 
model to calculate CO. The method uses a non-linear three-element model of the aortic 
input impedance and simulates the aortic flow waveform from the pressure signal. Two of 
the three model elements (aortic characteristic impedance and arterial compliance) depend 
on the elastic properties of the aorta and are computed using a built-in database of 
arctangent aortic pressure-area relationships given age and gender of the patient. 
Integrating the aortic flow waveform per beat provides left ventricular stroke volume and 
CO is the product of stroke volume and HR while the third model element, peripheral 
vascular resistance is calculated for each heartbeat as the quotient of arterial pressure to CO 
(Fig. 3A). The software used is an online real-time version of Beatscope® (FMS, Amsterdam, 
The Netherlands).  

The Modelflow method is fully automatic, self-recording, has a fast response time, a high 
precision, and has been successfully validated against a thermodilution estimate of CO 
during cardiac surgery (Jansen et al., 2001), intensive care medicine (Jansen et al., 
2001;Jellema et al., 1999), and notably during OLT (Nissen et al., 2009b)  and, surprisingly, 
without a need for taking potential differences in vascular tone during the operation into 
account (Fig. 3 B). That is the case although Modelflow appears to underestimate deviations 
in CO during manipulation of body temperature with a significant increase in vascular 
conductance during heating (Shibasaki et al., 2011). 

4. Thoracic electric admittance  
With the large spontaneous changes in CO during OLT, it may be an advantage to monitor 
CBV separately and, as indicated, evaluate the pulmonary water content. According to  
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(a) 

 
(b) 

Fig. 3. a) Diagram of the three-element non-linear, self-adapting model (right) and input 
pressure and simulated flow pulse (left) used for Modelflow. Arterial pressure p is applied 
to the model input. Zo, characteristic impedance of the proximal aorta; Cw, arterial Windkessel 
compliance; Rp total systemic peripheral resistance. The non-linear properties of Z0 and Cw 
are indicated by a stylised ”S” symbol. Rp has an arrow indicating that it adapts to changes 
in systemic resistance. The result of the model simulation is a flow curve q. Integrated per 
beat (area under the curve) yields stroke volume. (From Wesselring et al. 1993 with 
permission). b) Cardiac output followed by Modelflow (MCO) and thermodilution (TDCO) 
during liver transplantation surgery. (From Nissen et al., 2009 b with permission) 

Ohm’s law changes in CBV can be assessed by thoracic electrical admittance (TA) and the  
obtained value is expressed in milli-Siemens (mS). Using a low  (e.g. 1.5 kHz) and a high 
frequency current (e.g. 100 kHz), TA distinguishes between the extracellular (TA1.5) and 
total water (TA100) content. Accordingly, changes in the difference between the high and the 
low frequency current reflects those in the intracellular water content (TAICW) (Cai et al., 
2000), i.e. red cell volume within the thoracic region (Fig. 4) and TAICW can, thereby, indicate 
a need for transfusion of blood while TA1.5 monitors the (pulmonary) water content. 

With the use of goal-directed approach to the administration of fluid and blood information 
about CBV becomes important in the anhepatic phase of OLT when approximately one third 
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of the circulation is eliminated causing a similar decrease in CO (Table 1), not necessarily 
due to hypovolaemia. Similarly when the donor liver is reperfused, an increase in CO 
requires that CBV is maintained despite the blood needed to fill the liver, while care is 
directed also to avoid distension of the liver by administrating a too large volume load. 

With TA, evaluation of CBV is continuous with the use of, e.g. two ECG electrodes on the 
right side of the neck and two other electrodes placed high in the midaxillay line on the left 
side of the thorax (Ejlersen et al., 1997;Matzen et al., 1991) in order to include the heart and 
central vessels in the evaluation and at the same time exclude the abdominal fluid content. 
With a four electrode arrangement, skin resistance is eliminated from the evaluation making 
changes in TA an almost perfect report of those in the thoracic fluid / blood volume (Krantz 
et al., 2000). Similarly, it is possible to monitor accumulation of blood in the legs during 
cross-clamping of inferior caval vein by changes in TA over one leg or the glutal region 
(Ejlersen et al., 1997). 

 
Fig. 4. At low and high frequencies, thoracic electric admittance (TA) distinguishes between 
the extracellular (ECW) and total body water (TBW). The difference reflects the intracellular 
water content (ICW) and changes respond to haemorrhage versus administration of blood 

When volume is administered according to individualised goal directed fluid therapy, an 
increase in TA reflects that CBV is increased, as does pulmonary artery mean and wedge 
pressures and that is the case although there may be no changes in HR, central venous 
pressure (CVP), or MAP as CO increases during OLT (Ejlersen et al., 1995b). 

5. Venous saturation 
For continuous reading of SvO2, a PAC catheter is ideal but a central SvO2 may be similarly 
obtained from a central venous line using a catheter with the same type of fiberoptic 
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oxymeter. Central SvO2 values are about 5% larger than those obtained from the PAC 
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aorta, partial or complete clamping of the abdominal aorta may eliminate pressure 
recording in the femoral artery.  

The CVP is often taken to express filling of the right ventricle but CVP is not well correlated 
with preload to the heart as expressed by its diastolic filling (De Wolf, 2006). A correlation 
between CO and CVP is established during acute changes in the CBV as induced by head-
up-tilt (Ogoh et al., 2003) or lower body negative pressure (Murray et al., 1999), while for 
most patients CO is not related to CVP although there is a relation between CO and diastolic 
filling of the heart as indicated by echocardiography (Thys et al., 1987).  

In order to limit the blood loss during surgery, a strategy of keeping CVP low has been 
suggested and studies on liver resection patients show a reduction in the blood loss, in 
morbidity, as in the hospital stay when the intraoperative CVP is kept < 5 mmHg (Jones et 
al., 1998;Chen et al., 2000). Implementing the same strategy to OLT, one study found that a 
low CVP increased morbidity as expressed as postoperative renal failure and mortality 
(Schroeder et al., 2004), while an other study came to the opposite conclusion (Massicotte et 
al., 2006). We hold it that volume therapy during OLT is better detected by flow related 
parameters than by vascular pressure(s) (Bundgaard-Nielsen et al., 2007a;Jenstrup et al., 
1995;Ejlersen et al., 1995b). 

A PAC allows for monitoring pulmonary artery (mean) pressure (PAMP) as well as wedge 
pressure (PAWP). These values are relevant to patients undergoing OLT since some patients 
develop both portal and pulmonary hypertension (Krenn & De Wolf, 2008). It remains, 
however, elusive whether monitoring of PAWP provides advantages over the continuous 
recording of PAMP. At least it should be considered that a determination of PAWP carries 
the risk of rupturing a branch of the pulmonal artery and that is likely to be fatal.  

 
Fig. 5. Pulmonary artery mean pressure (PAMP) (±SD and 5th and 95th percentile) and 
cardiac output (CO) (±SD) for 33 candidates for OLT at rest and during exercise (P. Nissen, 
unpublished) 
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A PAMP limit of 30 mmHg may be considered to indicate pulmonary hypertension, but it 
should be taken into account that there is a direct relationship between PAMP and CO as 
illustrated during physical exercise (Tolle et al., 2008) and that is also the case for patients 
under evaluation for OLT (Fig. 5). 

If a candidate OLT patient presents a high PAMP, it should accordingly be considered 
whether the high pulmonary pressure is because of a large CO and thereby unrelated to 
pulmonary disease. As for other patient categories, it seems more important that the heart is 
able to generate a reasonable CO than at what pressures it operates. For example, a 
successful OLT is reported for a patient with a PAMP of 44 mmHg and a CO of 5.7 l/min 
and with an ability to increase CO to 10 l/min (at a PAMP of 51 mmHg during reperfusion 
of the liver) (Liu et al., 1996). Similarly, there is even for patients without pulmonary 
hypertension an often impressive increase in PAMP concomitant with the increase in CO 
during reperfusion of the grafted liver (Table 1). Furthermore hypoxia leads to pulmonary 
hypertension of relevance for OLT patients with associated significant pulmonary shunt and 
at least in case of hypoxia, pulmonary hypertension seems to be related to the patient’s iron 
status (Smith et al., 2008). Accordingly, the iron status of the OLT candidate with pulmonary 
hypertension and hypoxia should be checked. 

7. Heart rate 
It is probably without exception that HR is monitored during OLT and deviations in HR in 
response to variation in CBV are therefore of interest. In textbook descriptions of 
hypovolaemic shock it is stated often that tachycardia is the arterial baroreceptor response 
to a low blood pressure (Secher & Bie, 1985). Yet the common, both experimental and 
clinical finding is that the HR response to central hypovolaemia encompasses three stages 
(Secher et al., 1992) (Fig. 6).  

With a small reduction in CBV, there is a moderate increase in HR, most often to less than 
100 bpm and as indicated, the increase in HR may be so small that it does not become 
statistically significant (Murrell et al., 2009). However, with a 30% reduction of CBV, both 
HR and MAP decrease as known from a vasovagal syncope and cerebral perfusion and 
oxygenation become affected (Madsen & Secher, 1999;van Lieshout et al., 2003). Such an 
incident is fatal if CBV is not restored immediately (Madsen et al., 1998), but with partial 
restoration of CBV, intense sympathetic activation in response to (central) hypovolaemia 
elicits a marked increase in HR (>120 bpm) may be in response to cerebral hypoperfusion. 
Thus, adequate restoration of CBV in stage II of shock secures the well-being of the patient, 
while manifest tachycardia (stage III) appears to indicate a transition to an irreversible stage 
of shock since the patient then is likely to need eventually prolonged intensive care and is 
then exposed to the associated grave prognosis (De Backer D. et al., 2010). It should also be 
noted that the administration of atropine to treat bradycardia during haemorrhage is likely 
to enhance the haemorrhage and, thereby, could be fatal (Bertolini, 1995). At any rate, the 
administration of atropine hinders the use of HR to monitor an eventual volume deficit. In 
case of a low HR, volume should be administrated with an expected moderate increase in 
HR before the “resting” HR is established (Fig. 6). Conversely, it should be checked whether 
any increase in HR is due to an otherwise undetected (small) volume deficit by 
supplementing (100-200 ml) of volume and thereby keep HR low and the volume 
administration can then stop when HR does not decrease further. 
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Fig. 6. Heart rate (HR) and blood pressure (systolic v and diastolic ^) responses of a patient 
treated for a ruptured abdominal aneurism. At admission the patient had thacycardia and 
low blood pressure (stage III of hypovolaemic shock). During volume loading a decrease in 
HR (stage II) is seen followed by an increase (stage I, preshock) as blood pressure began to 
increase before stable values were reached; beginning and end of the operation indicated by 
circles. (From Jacobsen & Secher, 1992 with permission) 

8. Cerebral autoregulation 
Central to this chapter is the ability to secure CBF and ScO2 during the OLT and thereby, 
presumably, maintain the patient’s well being after the operation (Murkin et al., 2007).  

Interest in recording CBF or ScO2 for the OLT patient is relevant not only because these 
variables may be affected by hypotensive events during the operation in case a low blood 
pressure reflects a reduced CO, but also because some acute liver disease patients 
demonstrate impaired cerebral autoregulation (Larsen et al., 1999; Nissen P. et al., 2009; 
Ejlersen et al., 1994) (Fig. 7). 

Cerebral perfusion may be followed by transcranial Doppler (TCD) derived middle cerebral 
artery mean blood velocity (MCA Vmean) (Pott et al., 1995) and evaluation of cerebral tissue 
flow by clearance of 133Xe has been carried out during OLT(Larsen et al., 1999). However, it 
remains that NIRS is, by far the most feasible method for routine monitoring of cerebral 
perfusion during surgery (Nissen et al., 2009a;Steiner et al., 2009). NIRS reflects changes in 
brain capillary saturation and mitochondrial oxygen tension in response to manipulation of 
the inspired oxygen and CO2 tensions (Rasmussen et al., 2007) although a potential influence 
of skin blood flow needs to be considered (Sato et al., 2011). 

While a determination of CBF requires extensive apparatus and calculations, the recording 
of ScO2 is as readily available as the recording of arterial oxygen saturation by pulsoximetry  
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Fig. 7. Changes in frontal lobe cerebral oxygen saturation (ΔScO2) related to mean arterial 
pressure (MAP) for three patients undergoing liver transplantation (A) A patient for whom 
a lower limit of cerebral autoregulation can be defined. (B) A patient who demonstrates no 
cerebral autoregulation. (C) A patient for whom no lower limit of cerebral autoregulation 
was detected (From Nissen et al., 2009 with permission) 
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and builds on the same technology of protons absorbance in the near infrared spectrum 
(NIRS) (Madsen & Secher, 1999). However in contrast to pulsoximetry, ScO2 is not coupled 
to the recording of pulse and, thereby, expresses an average rather than a maximal oxygen 
concentration of the tissue, i.e. of the brain or skeletal muscles. With spatial resolution NIRS, 
light is sampled at two distances from the emitter to prioritise absorption of light in the deep 
tissue, for the head assumed to represent the cerebral cortex (ScO2) and over a muscle (SmO2) 
oxygen saturation of haemoglobin and myoglobin. Yet, a sustained subcutaneous fat deposit 
may hinder detection of SmO2 and the thenar muscle is ideal for monitoring SmO2 since there 
is no subcutaneous fat over that muscle group (Thomson et al., 2009). 

Thus frontal lobe oxygenation by NIRS is a non-invasive recording of changes in CBF 
(Madsen & Secher, 1999) with a correlation between ScO2 and MCA Vmean (Steiner et al., 
2009). Also changes in ScO2 parallel those in internal jugular venous O2 saturation (Pott et al., 
1995;Skak et al., 1997) and NIRS is able to detect cerebral hypoperfusion (Plachky et al., 
2004). The NIRS determined ScO2 is based on the absorption of light in the spectra for 
oxygenated and deoxygenated haemoglobin and reports tissue oxygenation as a percentage 
of light absorption by oxygenated to total haemoglobin. An emitter generates light at, e.g. 
733 and 808 nm and the reflection is registered by two or more optodes placed at a distance 
of, e.g. 3 and 4 cm from the emitter to allow for the subtraction of reflections derived from 
superficial tissues of the scalp and the skull for detection of ScO2 (Grubhofer et al., 1997) (Fig. 
8). Thus with increasing distance between the emitter and the optodes, light penetrates 
deeper into the tissues and with evaluation of absorption at two distances (spatial 
resolution), absorption in deep tissue, i.e. brain, is appreciated. 

 
Fig. 8. Near infrared spectroscopy applied to the brain. Distance between the light emitter 
and the optodes 3 and 4 cm. By subtracting the superficial from the deeper reflections, 
oxygenation of brain cortex is appreciated (from Covidien, Denmark with permission) 

Of relevance for the recording of ScO2 during OLT, bilirubin absorbs light in the same 
wavelength as haemoglobin and depending of the wavelength used to derive ScO2, there 
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may be a negative influence of plasma bilirubin of the detected ScO2 (Madsen et al., 2000). 
However, even when plasma bilirubin is elevated and the reported ScO2 is low, the derived 
value reacts on changes imposed by bleeding and changes in PaCO2. 

The significant haemodynamic changes associated with OLT may lead to neurological 
complications and increased mortality in reflection of reduced cerebral vascular resistance in 
the first hour after reperfusion of the liver exposing the brain to hyperperfusion (Ardizzone 
et al., 2006). Thus in case of lacking cerebral autoregulation, CFB is affected both by a low 
and a high blood pressure and during OLT, blood pressure is likely to increase markedly 
when surgery leads to manipulation of the adrenal gland with, presumably, release of 
adrenaline into the circulation. Normally CBF is considered to be maintained within a MAP 
range from approximately 60-150 mmHg (Paulson et al., 1990). However, cerebral perfusion 
decreases already at a MAP of 80 mmHg when the decrease in blood pressure is caused by a 
low CBV and thereby a lowered CO (Madsen et al., 1995). On the other hand, cerebral 
perfusion and ScO2 may be preserved even at a MAP below 40 mmHg if CBV is not affected 
(Nissen P. et al., 2009) (Fig. 9). 

A given MAP therefore does not guarantee that cerebral perfusion is secured leading to the 
conclusion that CBF or, more likely, ScO2 should be monitored during the operation (Nissen 
et al., 2009a).  

 
Fig. 9. Cerebral oxygen saturation (ScO2) related to mean arterial pressure (MAP) including 
data obtained with a maintained central blood volume (CBV) during anaesthesia (broken 
line) and from subjects for whom the central blood volume was reduced deliberately during 
head-up tilt (full line). Normogram illustrates distribution of the lowest MAP in the 
anaesthetized patients (Modified from Nissen et al., 2009 with permission) 

Also it is to be considered that administration of phenylephrine in case of a low blood 
pressure, in an attempt to increase blood pressure to above what is might present the lower 
limit of cerebral autoregulation, is associated with a decrease rather than with the probably 
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intended increase in ScO2 (Nissen et al., 2010). Alternatively, hypotension should be 
considered in relation to a decrease in plasma calcium in response to administration of 
blood products and calcium should be supplemented to restore the physiological level (1.2 
mM). However, the use of phenylephrine may be indicated during reperfusion of the donor 
liver to reduce peripheral vasodilatation and thereby to centralise of blood accumulated in 
the splanchnic region. Alternatively, the administration of phenylephrine to increase the 
blood pressure may be replaced by the use of ephedrine that does not demonstrate the same 
negative influence on ScO2 (Nissen et al., 2010; Meng et al., 2011). 

PaCO2 has a significant influence on CBF and PaCO2 is regularly monitored by a continuous 
recording of the end-tidal CO2 tension to maintain a value of, e.g. 4,5 kPa. In that regard 
OLT is no exception, but with the reduction of the metabolic rate during the anhepatic phase 
of the OLT, a given setting of ventilation may lower PaCO2 and ventilation then needs to be 
reduced in order to maintain CBF and ScO2 (Madsen & Secher, 1999). Conversely, with 
reperfusion of the donor liver, PaCO2 increases again and often to values that exceed the 
level established in the dissection phase of the operation. Accordingly, ventilation should be 
increased at, or likely before reperfusion of the liver in order to prevent cerebral 
hyperperfusion and ventilation is thereafter gradually reduced towards the end of the 
operation guided by ScO2 as the CO2 load is eliminated by the exhaled air. 

With optodes placed over a muscle NIRS monitors muscle oxygen saturation (SmO2) and 
decreases before central hypovolaemia affects blood pressure. However, haemorrhagic 
hypotension is likely to be caused by a Bezold-Jarisch-like reflex including loss of 
sympathetic activity and, therefore, an increase in muscle blood flow and in turn SmO2 
(Madsen et al., 1995). SmO2 effectively detects central hypovolaemia (Soller et al., 2008) (Fig. 
2) and supplements, or may be used as an alternative non-invasive monitoring modality to 
SvO2 for detection of a blood loss. Ideally SmO2 provides for an early warning of ongoing 
haemorrhage and allows for direction of fluid administration before the blood loss affects 
CBF and in turn ScO2. 

9. Support to the central blood volume 
An OLT may be associated with a severe blood loss in about 20% of the patients (Massicotte et 
al., 2004). Bleeding during OLT is most common during the dissection phase for the cirrhotic 
liver associated with distended abdominal veins. Accordingly, rapid infusion systems have 
been developed which that can deliver 1.5 l of heated fluid per minute through 7 F venous 
catheter is recommended for infusion of fluids and blood products. The rapid infusion 
machine reports the accumulated amount of fluid (blood) administered and is also suited for 
infusion of small volumes to children as the fluid can be administrated with an accuracy of 
millilitres. To adults it is common to administer bolus infusions of 100 ml (occasionally 500 ml) 
over 1 min since, as mentioned, a lowering of SvO2 by 1 % corresponds typically to a volume 
deficit of ~100 ml (Ejlersen et al., 1995a). Furthermore, one or two i.v. lines can be placed for 
supplementary administration of fluid and medication. 

Since patients with end-stage liver decease present with serious haemostatic defects, 
management of coagulation during OLT is a challenge. Coagulopathy can be aggravated by 
hypothermia and acidemia, associated with increased risk of uncontrolled bleeding and 
mortality (Lier et al., 2008). Accordingly fluid, including blood products, is preheated and 
the patients are provided with a warm airflow blanket (e.g. “Bair Hugger”) covering the 
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upper part of thorax, the neck, and arms and that arrangement is usually able to maintain 
the patient’s temperature above 36º. Furthermore, frequent adjustment of CBV according to 
the individualized goal directed fluid administration strategy prevents marked changes in 
pH and arterial lactate and frequent monitoring of the plasma calcium level, with 
appropriate substitutions, supports coagulation competence. 

Yet, in order to preserve coagulation competence, there remains some disagreement. While 
one review finds that correction of coagulation defects with fresh frozen plasma (FFP) and 
platelets does not reduce the blood loss and has a negative influence on outcome (Dalmau et 
al., 2009), the local experience is that timely administration of FFP and platelets improves 
outcome (Johansson et al., 2010), a strategy supported by other studies demonstrating a 
decrease in blood loss and improvement in 24 hour and 30-day survival following early use 
of plasma and platelets (Holcomb, 2010; Holcomb et al., 2008). Discrepancy between views 
likely relate to which patients are addressed with the need for FFP and platelets indicated 
only for patients presenting with a deficit in consequence of their liver disease or provoked 
by major haemorrhage.  

It is important to monitor the OLT patient’s coagulation competence and in that regard a 
determination of the protrombin time (PT) and activated partial protrombin time (APPT) 
seems inadequate since these variables do not correlate well with clinically coagulopathy or 
bleeding condition (Murray et al., 1999; Segal & Dzik, 2005). For on-line evaluation of 
haemostasis, thrombelastographhy (TEG) is used as pioneered during OLT by Kang et al 
(Kang et al., 1985). TEG records the viscoelastic changes during coagulation by analysing 
whole blood placed in a rotating cup (Fig. 10) while a pin suspended in the blood from a 
torsion wire records the resistance to motion.  

 
Fig. 10. Thrombelastograph technology and measured variables: The clotting time (R), the 
angle (α) representing the progressive increase in clot strength, the maximal clot strength 
(MA) and the fibrinolysis (LY) (From Johannson et al,. 2010 with permission) 

Four TEG parameters are regularly reported: the clotting time (R), the angle (α) representing 
the progressive increase in clot strength, the maximal clot strength (MA), and fibrinolysis 
(LY) (Fig. 10) (Johansson, 2009). The TEG reported values correlate well with the clinical 
bleeding conditions and are recommended to direct blood product treatment together with 
a platelet count and check of the haemoglobin concentration (Plotkin et al., 2008). The TEG 
analysis can be performed in the laboratory and is locally displayed in real-time in the 
operating theatre to enable for early intervention, e.g. by administration of platelets and 
plasma in case of significantly attenuated coagulation competence. In this endeavour, it is 
considered that transfusion of platelets to 100 X 109 L-1 (rather than to the commonly used 
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guideline of 50 X 109 L-1) secures coagulation competence and additional administration of 
platelets is routinely performed before the reperfusion of the donor liver associated with 
significant use of platelets (Johansson et al., 2010). Thus, the coagulation competence of the 
patient’s blood is accentuated by the administration of FFP and saline-adenine-glucose-
mannitol (SAGM) erythrocyte suspension to a haemoglobin concentration of 6 mM 
(haematocrit 30%), making sure that plasma calcium does not decrease and calcuimcloride is 
administered frequently to maintain a reference value of 1.2 mM. 

Yet it has to be accepted that some patients have intraoperative increased consumption of 
fibrinogen and if a diffuse bleeding in combination with a reduced α and MA manifest, we 
suggest monitoring functional fibrinogen to decide whether the reduction in MA relates to 
platelet or to fibrinogen function. Attention has also been directed to the endothelial barrier 
function in response to haemorrhagic shock and the role of glycocalyx appears important to 
endothelial permeability, intracellular dysfunction, and oedema (Holcomb, 2011). 

Until recently, infusion of aprotinin was an option for OLT and aprotinin reduces 
haemorrhage by hindering fibrinolyses and thereby stabilizes the formed blood clots. 
Aprotinin has, however, been withdrawn from the marked (Dietrich, 2009) and tranexamic 
acid is the (cheaper) alternative to be administrated before surgery and again before 
reperfusion of the donor liver (Takagi et al., 2009). 

Further refinement of treatment includes control of plasma concentration of magnesium 
(Skak et al., 1996) and corrected if low (reference value 0.8 mM) and maintenance of the 
blood glucose or, conversely, administration of insulin in case the blood glucose level 
increases beyond 10 mM. Surprisingly, the blood glucose level does not decrease during the 
anhepatic phase of OLT, presumably because the kidneys supplement glucose production 
(Lauritsen et al., 2002). Also it should be considered that during massive administration of 
blood products, HR might be affected by the potassium concentration of Sag-M blood of 
approximately 50 mM. It is advised that massive administration of blood is paralleled by 
infusion of adrenaline (4-6 mg kg-1 min-1) to eliminate potassium from blood.  

10. Conclusion 
During OLT it is possible to maintain coagulation competence by timely administration of 
fresh frozen plasma and platelets together with SAGM-blood while body temperature and 
plasma pH and calcium are controlled. Notably platelets are supplemented to a reference 
value of 100 X 109 L-1 rather than 50 X 109 L-1 seems to increase survival. Even massive 
bleeding can be coped with if CBV and thereby ScO2, at all times is kept within narrow 
limits. To maintain a stable central blood volume requires that treatment of patients with 
liver disease is focused on eventually high maximal values for CO and SvO2. 
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1. Introduction 
Despite the remarkable advances in the peri-operative management of the liver transplant 
recipient, the post-reperfusion syndrome (PRS) continues to be an important intra-
operative risk factor for impaired graft function, and morbidity and mortality of the 
recipient. In order to institute preventive measures several studies have attempted to 
elucidate risk factors for PRS. Those identified risk factors and proposed mechanisms 
underlying the development of PRS, as well as current issues with PRS will be discussed 
in the following three sections. 

2. Diagnosis 
The post-reperfusion syndrome (PRS) which occurs during liver transplantation was first 
diagnosed by Aggarwal et al in 1987 and described as cardiovascular collapse following 
revascularization of the liver graft. They defined PRS as severe hemodynamic instability, 
persistent hypotension (a greater than 30% drop below the anhepatic mean arterial blood 
pressure (MAP) within 5 minutes of reperfusion and sustained for at least 1 minute), 
accompanied by asystole, or significant arrhythmias as well as development of significant, 
fibrinolysis requiring treatment. Up until now this definition remains the same with some 
modifications. Hilmi et al defined mild PRS as a drop in MAP to less than 30% of mean 
baseline MAP observed during the anhepatic stage associated with bradycardia and 
sustained for less than 5 minutes, and requiring calcium or epinephrine boluses, but without 
the need for continuous vasopressor infusion. Severe PRS was defined as persistent severe 
hypotension with a greater than 30% reduction in MAP from mean baseline MAP during the 
anhepatic stage, associated with asystole, significant arrhythmias, and requiring   prolonged 
vasopressor infusion (until end of surgery) and fibrinolysis. Other reports have used only 
persistent hypotension as the defining endpoint for PRS. Therefore, inconsistency of 
definitions makes it difficult to draw conclusions concerning the precise incidence of PRS, its 
clinical presentation and causes. 

These definitions rely on the value of the percent change in MAP from the mean baseline 
MAP observed during the anhepatic stage. It so happens that the anhepatic stage is fraught 
with hemodynamic fluctuations related to manipulation of the inferior vena cava (IVC), 
blood loss, veno-venous bypass, hypothermia, metabolic acidosis, etc., which are common 
during the an-hepatic phase. These multi-factorial hemodynamic perturbations call into  
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Severe hemodynamic instability 
Persistent hypotension 

Geater than 30% of the anhepatic MAP within 5 
minutes sustained for at least 1 minute 

Asystole 
Significant arrhythmias 
Development of significant fibrinolysis 

Table 1. Definition of Post-Reperfusion Syndrome (PRS) Abbreviations: MAP: Mean Arterial 
Blood Pressure 

question the reliability and accuracy of PRS incidence and severity based on one parameter 
namely, % change in MAP. Moreover, pre-treatment with bolus doses of vasopressors, 
including calcium chloride, vasopressin or methylene blue immediately prior to reperfusion 
of the portal vein, intended to preempt severe hypotension post-reperfusion also introduce 
errors into the calculation of % changes in MAP, before and after reperfusion. More 
importantly, in some instances there may be a complete absence of hemodynamic instability 
even in the presence of severe graft dysfunction following reperfusion when portal vein 
flow is inadequate. This is called the no-reflow phenomenon. No-reflow is associated with 
high vascular resistance in the microcirculation of the graft secondary to multiple factors, 
such as: tissue edema, leukocyte plugging and the accumulation of pro-inflammatory factors 
and cellular debris; vasoconstriction of the tissues due to cold preservation, portal vein 
thrombosis, or presence of large collateral veins (porto-systemic shunts). In those cases, 
there is a gradual resolution of no-reflow and hemodynamic fluctuations may be delayed 
beyond the immediate portal vein or even hepatic artery reperfusion periods when the 
organ is better perfused. For these reasons, PRS incidence may not be accurately ascertained 
when a narrow window of MAP readings is used in its determination. Likewise, major 
changes in MAP in the immediate post-reperfusion period may or may not be associated 
with graft quality. Although cardiovascular collapse following reperfusion is common in 
liver transplant practice, it is essential to elucidate the underlying mechanisms of PRS, and 
to determine more accurately the relationship between PRS and graft quality. Is PRS a cause 
of poor graft quality or is it a consequence? The definitive answer to this question can only 
be found in the conduct of a blinded controlled prospective study with well-defined end 
points in a large cohort of patients. The results of such a study would help to broaden the 
scope of what constitutes the diagnosis of PRS. 

3. Incidence of PRS and confounding factors 
To date, there is wide variation in the reported incidence of PRS (5.9-61.3%). There are 
several factors attributable to these wide variations, among these are: differences in surgical 
technique, intraoperative hemodynamic management, as well as chronological and 
geographical factors. Piggyback technique is used for implantation of the liver graft without 
interrupting IVC flow. It was first introduced into human liver transplantation in the late 
1980’s. Veno-venous bypass (VVB) was also introduced in the 1980’s. Those techniques were 
developed to enable more stable hemodynamics upon manipulation of the IVC during 
orthotopic liver transplantation. Because volume status of the recipient before reperfusion 
can be an important risk factor for PRS, more stable hemodynamics before reperfusion may 
decrease its incidence, although the impact of surgical technique between conventional or  



 
Liver Transplantation – Basic Issues 

 

386 

Severe hemodynamic instability 
Persistent hypotension 

Geater than 30% of the anhepatic MAP within 5 
minutes sustained for at least 1 minute 

Asystole 
Significant arrhythmias 
Development of significant fibrinolysis 

Table 1. Definition of Post-Reperfusion Syndrome (PRS) Abbreviations: MAP: Mean Arterial 
Blood Pressure 

question the reliability and accuracy of PRS incidence and severity based on one parameter 
namely, % change in MAP. Moreover, pre-treatment with bolus doses of vasopressors, 
including calcium chloride, vasopressin or methylene blue immediately prior to reperfusion 
of the portal vein, intended to preempt severe hypotension post-reperfusion also introduce 
errors into the calculation of % changes in MAP, before and after reperfusion. More 
importantly, in some instances there may be a complete absence of hemodynamic instability 
even in the presence of severe graft dysfunction following reperfusion when portal vein 
flow is inadequate. This is called the no-reflow phenomenon. No-reflow is associated with 
high vascular resistance in the microcirculation of the graft secondary to multiple factors, 
such as: tissue edema, leukocyte plugging and the accumulation of pro-inflammatory factors 
and cellular debris; vasoconstriction of the tissues due to cold preservation, portal vein 
thrombosis, or presence of large collateral veins (porto-systemic shunts). In those cases, 
there is a gradual resolution of no-reflow and hemodynamic fluctuations may be delayed 
beyond the immediate portal vein or even hepatic artery reperfusion periods when the 
organ is better perfused. For these reasons, PRS incidence may not be accurately ascertained 
when a narrow window of MAP readings is used in its determination. Likewise, major 
changes in MAP in the immediate post-reperfusion period may or may not be associated 
with graft quality. Although cardiovascular collapse following reperfusion is common in 
liver transplant practice, it is essential to elucidate the underlying mechanisms of PRS, and 
to determine more accurately the relationship between PRS and graft quality. Is PRS a cause 
of poor graft quality or is it a consequence? The definitive answer to this question can only 
be found in the conduct of a blinded controlled prospective study with well-defined end 
points in a large cohort of patients. The results of such a study would help to broaden the 
scope of what constitutes the diagnosis of PRS. 

3. Incidence of PRS and confounding factors 
To date, there is wide variation in the reported incidence of PRS (5.9-61.3%). There are 
several factors attributable to these wide variations, among these are: differences in surgical 
technique, intraoperative hemodynamic management, as well as chronological and 
geographical factors. Piggyback technique is used for implantation of the liver graft without 
interrupting IVC flow. It was first introduced into human liver transplantation in the late 
1980’s. Veno-venous bypass (VVB) was also introduced in the 1980’s. Those techniques were 
developed to enable more stable hemodynamics upon manipulation of the IVC during 
orthotopic liver transplantation. Because volume status of the recipient before reperfusion 
can be an important risk factor for PRS, more stable hemodynamics before reperfusion may 
decrease its incidence, although the impact of surgical technique between conventional or  

 
The Post-Reperfusion Syndrome (PRS): Diagnosis, Incidence and Management 

 

387 

 
Table 2. (continues on next page) Reported Incidence of PRS *Transplant technique: 
conventional inferior vena cava anastomosis versus piggyback anastomosis**Sequence of 
reperfusion: initial hepatic artery revascularization versus initial portal vein 
revascularization. Abbreviations: CVP: central venous pressure, HTK: histidine-triptophan-
ketoglutarate solution, ICU: intensive care unit, IVC: inferior vena cava, MELD: models for end 
stage liver disease, UW: University of Wisconsin solution, VVB: veno-venous bypass 
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Table 2. (continued) Reported Incidence of PRS *Transplant technique: conventional inferior 
vena cava anastomosis versus piggyback anastomosis**Sequence of reperfusion: initial 
hepatic artery revascularization versus initial portal vein revascularization. Abbreviations: 
CVP: central venous pressure, HTK: histidine-triptophan-ketoglutarate solution, ICU: intensive care 
unit, IVC: inferior vena cava, MELD: models for end stage liver disease, UW: university of 
Wisconsin solution, VVB: veno-venous bypass 
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Table 2. (continued) Reported Incidence of PRS *Transplant technique: conventional inferior 
vena cava anastomosis versus piggyback anastomosis**Sequence of reperfusion: initial 
hepatic artery revascularization versus initial portal vein revascularization. Abbreviations: 
CVP: central venous pressure, HTK: histidine-triptophan-ketoglutarate solution, ICU: intensive care 
unit, IVC: inferior vena cava, MELD: models for end stage liver disease, UW: university of 
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piggy-back techniques on PRS is still in debate. In addition, VVB reduces small bowel 
edema, which has been suggested as a primary site for the production and release of potent 
vasoactive inflammatory mediators.  With the improvement of transplant outcomes and 
recognition of risk factors for graft survival, expanded criteria donors (ECD) have been 
more frequently used due to severe shortages of organ donors. More frequent usage of ECD 
as well as the introduction of new surgical techniques may affect the incidence of PRS, 
depending on the era, a chronological factor. Also, geographical areas with low organ donor 
conversion rates and acute shortage of organs for transplantation will invariably result in 
higher usage rates of ECD, as well as sicker recipients due to longer waiting times. 
Therefore, the incidence of PRS will vary with geographical area. The interpretation of those 
results also needs to take chronological and geographical factors into account as 
confounding factors. 

4. Risk factors for PRS 
Well-established risk factors and recognized mechanisms associated with PRS include: i) 
volume status of the recipient before reperfusion, ii) myocardial depression due to 
embolization of cold preservation solution into the systemic circulation, and  iii) release of 
vasoactive pro-inflammatory factors originating in activated Kupffer cells of the post-
ischemic liver graft. 

4.1 Pre-reperfusion volume status 

The liver is an important reservoir of blood, containing a total of about 250-500ml or 18-
30ml/100g of blood. In liver transplantation, the donor liver graft will be rapidly filled with 
recipient blood following revascularization of the portal vein, resulting in immediate 
volume shifts and occasionally, hypotension. De La Morena et al. determined that an 
insufficient increase in preload is a main causative factor of PRS (or reperfusion 
hypotension) in an observational study using transesophageal echocardiography (TEE). 
Maintaining a high cardiac output is essential to ensure adequate perfusion of organs in 
liver transplantation. However, high cardiac output can be accomplished by maintaining 
preload, which may be difficult given that the operation itself is associated with major 
changes in volume and afterload, in addition to blood loss, third space losses, and ongoing 
ascites production. This result will support the hypothesis that volume shift is one of the 
main components of reperfusion hypotension and maintaining adequate preload before 
reperfusion is crucial. Also, size mismatch between donor and recipient can cause additional 
volume shifts, as evidenced by the fact that a large-for-size donor relative to recipient body 
size causes more severe reperfusion hypotension. The BSA index (BSAi) may help to more 
accurately match donor and recipient organs in whole organ liver transplantation. 

4.2 Myocardial performance 

In addition to volume shifts, a change in myocardial performance is another component of 
reperfusion hypotension/PRS. Myocardial performance is reduced by a decrease in 
temperature, acid-base and electrolyte disturbances, which are all caused by the flushing of 
residual preservation solution into the systemic circulation after revascularization of the 
graft. Acidosis following reperfusion due to release of acidic fluid from ischemic bowel and 
liver graft is a common finding in liver transplantation. Acute acidosis can cause 
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tachycardia, dysrrythmias, and severe myocardial depression by producing changes in 
resting membrane potential and threshold potential and an increase in the rate of phase IV 
depolarization. Therefore the use of VVB has been proposed to decrease the incidence of 
PRS by minimizing small bowel edema/ischemia with varying results. 

4.3 Donor factors 

Lastly, the release of inflammatory factors from the post-ischemic donor liver graft into the 
recipient systemic circulation also can trigger a systemic inflammatory chain reaction that 
can lead to systemic hypotension and multi-organ dysfunction. Therefore, the quality of the 
donor can be a risk factor for PRS, and postoperative graft function (primary non-function, 
and graft survival). A donor organ with certain characteristics such as extreme age, adverse 
past medical history, preexisting liver damage or disease, obesity, hemodynamic 
instabilities, deceased cardiac donor (DCD), risk of sepsis and malignancies, hypernatremia, 
and prolonged ICU stay, may be more susceptible to ischemia, and more likely to have 
higher incidence of primary non-function (PNF), delayed function or subsequent risk for 
reduction in long-term graft survival. Similarly, several studies have attempted to identify 
donor risk factors for PRS. Hilmi et al reported warm ischemia time as a risk factor and 
more recently Paugam-Burtz, et al reported cold ischemia time is also a risk for PRS. In 
addition to those prior studies, donor age is an important risk factor for PRS. The older 
donor graft has a lower tolerance for hypoxia, and a greater susceptibility to reperfusion 
injury, probably due to metabolic changes associated with senescence, age related 
atherosclerotic changes in vascular structures , or steatotic changes of the parenchyma. The 
type of preservation solution and the graft flushing techniques have also been shown to 
affect the severity of PRS. 

5. Strategy for the intraoperative management of PRS 
Warm recipient blood flows into the cold organ after revascularization of the portal vein, 
causing immediate volume shifts, re-oxygenation of the ischemic organ, and outflow of cold 
preservation solution saturated with vasoactive pro-inflammatory factors. Optimization of 
volume status in the recipient prior to reperfusion may minimize hemodynamic changes 
related to volume shifts by maximizing hemodynamic capacity to maintain good perfusion 
pressure throughout the liver graft, especially the large-for-size graft. TEE coupled with 
close monitoring of hemodynamic parameters with continuous cardiac output (CO)/SvO2, 
and standard cardiac monitors are particularly helpful to ensure hemodynamic integrity of 
the recipient. To obtain sufficient perfusion of the liver graft, especially through the hepatic 
microcirculation, vasodilating agents such as prostaglandin or calcium channel blockers can 
be used but with caution since those agents can aggravate hemodynamic instability. To 
minimize the sudden outflow of preservation solution from the liver graft, flushing the 
organ prior to reperfusion has been used and currently proposed as the most effective way 
of preventing hemodynamic instability associated with the inadvertent release of 
preservation solution. Ingredients of the flush solution as well as rate of infusion, 
temperature of flush solution, and amount of solution are still under investigation. Gradual 
and homogeneous perfusion of the organ by machine perfusion immediately prior to 
implantation may improve graft function by effectively removing the pro-inflammatory 
factors from the graft microcirculation, may reduce PRS and improve short and long term 
graft survival, especially in the ECD.  Preemptive use of vasopressors may help maintain the 
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systemic blood pressure but may not improve the % change in blood pressure or graft 
outcome. Preemptive use of oxidative free radical scavenging agents or attempts at 
counteracting vasoactive inflammatory factors is another area of research. For example, 
methylene blue has been used to scavenge nitric oxide related vasodilation in various shock 
states. Also, several oxidative free radical scavengers, vasodilators (inhaled nitric oxide, 
prostaglandin E), and Ibuprofen (cyclooxygenase inhibitor) have been studied as a way to 
suppress the pro-inflammatory cascade post-reperfusion. The benefits of these treatment 
strategies on PRS and postoperative graft function are inconclusive, and larger clinical trials 
are needed. This will require a consortium of leading academic liver transplant centers to 
conduct multicenter clinical trials. To minimize the impairment of cardiac performance 
following reperfusion, electrolyte abnormalities, especially hypocalcemia and hyperkalemia 
need to be corrected prior to reperfusion. Magnesium replacement may need to be 
considered, especially when there is hypocalcemia due to intraoperative transfusion and 
citrate intoxication. Citrate binds magnesium as well as calcium, causing acute 
hypomagnesemia. 

6. Conclusions 
After having contributed to the establishment of liver transplantation as a safe and 
definitive treatment option for patients with end stage liver disease, including those with 
ESLD complicated by hepatocarcinomas, in the latter half of the 20th century, the next 
challenge to Transplant Anesthesiologists and Critical Care Specialists in the 21st is to 
continue to improve the perioperative management of the donor and organ transplant 
recipient during the most critical period of the liver transplant procedure namely, 
revascularization, reperfusion and re-oxygenation of the graft. This effort will undoubtedly 
require multicenter research collaborations, the determination of better and more reliable 
end-points for PRS and graft function, and the institution and conduct of multicenter clinical 
trials. Inevitably research will most likely reveal the need for a multi-factorial treatment 
strategy to preempt or mitigate PRS and the deterioration of graft function, especially of the 
ECD graft. This effort comprises preconditioning of the donor, preservation and post 
condition of the recipient transplanted, a process that can be succinctly described as ‘organ 
resuscitation’. Better post-transplant outcomes will decrease the costs involved in re-
transplantation, and prolonged ICU and hospital stays.  
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1. Introduction 
Malignant hyperthermia (MH) is an inherited, pharmacogenetic disorder of the skeletal 
muscle, characterized by dangerous hypermetabolic state after anesthesia with 
succinylcholine and/or volatile halogenated anesthetic agents. MH may also be triggered in 
susceptible individuals by severe exercise in hot conditions, infections, neuroleptic drugs 
and overheating in infants1-4. 

MH produces rapid increase in body temperature (by as much as 1ºC in five minutes) and 
extreme acidosis. These are a result of acute loss of control of intracellular calcium levels and 
compensatory uncontrolled increases in skeletal muscle metabolism, which may progress to 
severe rhabdomyolysis. Critical worldwide attention to MH began in 1960 with the reports 
of Denborough and Lovell. They described MH in a young man who had a history of 
several deaths of relatives during anesthesia. He developed tachycardia, hot and sweaty 
skin, peripheral mottling and cyanosis during general anesthesia using halothane. After 
prompt symptomatic treatment, the episode was aborted5-6. The term malignant hyperthermia 
was first quoted by Wilson and colleagues in 19677. In this same year, Dantrolene  
Sodium, a hydantoin derivative (1-[5-(4-nitrophenyl)-2-furanyl]methylene]imino]-2,4-
imidazolidinedione), was first used because of its possible muscle-relaxing properties8. 
Shortly thereafter, dantrolene was shown to alleviate muscle spasticity effectively in 
animals9 and humans10. Later, it was shown that dantrolene uncoupled the excitation-
contraction process during skeletal muscle stimulation11. A few years later, an association 
between MH and porcine stress syndrome was proposed, providing an animal model for 
MH12-13. Because malignant hyperthermia was thought to result from continuous muscle 
contraction, perhaps through an abnormality in the excitation-contraction coupling 
mechanism, the compound was tested as a treatment for this condition14. 

In 1975, Harrison15 described the efficacy of dantrolene in preventing and treating porcine 
halothane induced-MH. By 1979 the U.S. Food and Drug Administration (FDA) approved 
dantrolene for use in humans with MH16. The effectiveness of dantrolene in human MH was 
then confirmed in a multihospital evaluation of dantrolene used to treat anesthetic-induced 
episodes17. More than four decades after its discovery, dantrolene remains the primary basis 
for successful MH therapy18. 
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In the late 1980s, Caffeine Halothane Contracture Test became the gold standard diagnostic 
test for MH and a variety of neuromuscular disorders associated with MH susceptibility. 
These disorders include central core disease, Duchenne muscular dystrophy, myotonia 
congenita, myotonic dystrophy, nonspecific myopathies, and King-Denborough syndrome19. 

During liver transplantation, some commonly employed anesthetic agents may trigger MH 
in susceptible patients. This occurrence, in such a complex scenario and with such delicate 
patients, can make anesthesia management even more challenging. Besides this, dantrolene 
is hepatotoxic, which can pose another injury risk to the graft20. 

2. General Information 
2.1 Incidence and prevalence 

In North America and Europe, the incidence of MH is currently estimated to be 1:15,000 
anesthetics for children and adolescents and 1:50,000–1:150,000 anesthetics for adults21-23. 
The prevalence for this syndrome in the general population is unknown because of lack of 
universal reporting, but although it may be as common as one in 200024. Malignant 
hyperthermia is more common in male patients25. The incidence and prevalence varies from 
country to country, based on differences in gene pools26-30.  

Although the incidence of reported episodes of MH has increased, the mortality rate from 
MH has declined. This may reflect a greater awareness of the syndrome, earlier diagnosis, 
and better therapy31. 

2.2 Risk factors 

Apparently, MH can exist regardless of race or gender although predominance in males and 
adolescents has been suggested25. Family history of fatal general anesthesia complications 
associated with the use of volatile agents or depolarizing muscle relaxants should make the 
anesthesiologist aware about the increased risk for MH.  

Patients with Duchenne muscular dystrophy, myotonia congenita, myotonic dystrophy, 
nonspecific myopathies, central core disease, King-Denborough, osteogenesis imperfecta and 
Schwartz-Jampel syndrome have an increased risk for MH syndrome19. Patients who 
develop masseter muscle rigidity (MMR) after administration of succinylcholine have an 
increased risk to develop MH in the next minutes, and 25% of these will show positive 
contracture tests to MH32-33.  

2.3 Pathophysiology 

Malignant hyperthermia is an inherited pharmacogenetic disorder of skeletal muscle, 
characterized by an increased calcium release from the skeletal muscle sarcoplasmic 
reticulum. A mutation in the ryanodine receptor (RyR) may be the main causative factor in 
many patients and families with MH34-35. The ryanodine receptor type 1 (RYR1) gene 
encodes the human skeletal muscle calcium release channel. RYR1 gene is responsible for 
the release of sarcoplasmic reticulum stores of calcium. In about 50% of MH susceptible 
families, there is a mutation in RYR136. The large variability among individuals may be 
explained by different genes causing MH in different families or by other predisposing 
factors being expressed differently in susceptible patients36. 
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many patients and families with MH34-35. The ryanodine receptor type 1 (RYR1) gene 
encodes the human skeletal muscle calcium release channel. RYR1 gene is responsible for 
the release of sarcoplasmic reticulum stores of calcium. In about 50% of MH susceptible 
families, there is a mutation in RYR136. The large variability among individuals may be 
explained by different genes causing MH in different families or by other predisposing 
factors being expressed differently in susceptible patients36. 
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The vast majority of patients susceptible to MH are asymptomatic in the absence of 
anesthesia. In humans, the defect only appears to be expressed significantly in skeletal 
muscle, although receptors are present in cardiac muscle37 and even in the liver38. Recently 
some authors suggested that RyR’s play an active role in the Ca2+ signaling of hepatocytes, 
creating local Ca2+ microdomains that enhance the responsiveness of neighboring Inositol 
Trisphosphate Receptors through Ca2+-positive feedback38. 

The exact mechanism by which different substances initiate a MH crisis has not been 
determined. It can be assumed, though, that a defect of intracellular Ca2+ homeostasis plays 
an important role. Susceptibility to MH is clearly based on an abnormal Ca2+ metabolism 
within the skeletal muscle, most probably caused by a defective Ca2+ release channel in the 
sarcoplasmic reticulum (SR), e.g. the ryanodine receptor which is the footplate protein 
seated between the dihydropyridine receptor and the sarcoplasmic reticulum39-41. The 
abnormal function of the ryanodine receptor of skeletal muscle in MH causes barely 
controlled concentration of calcium within the cell when it is not exposed to triggering 
agents42,43. The added loss of control of intracellular calcium on exposure to triggering 
agents or heat stress leads to marked metabolic stimulation within the cell to provide extra 
adenosine triphosphate to drive the calcium pumps that restore calcium to its reservoirs 
(e.g., sarcoplasmic reticulum, mitochondria, extracellular fluid)44. 

On a cellular level, magnesium acts as a physiological calcium inhibitor resulting in less-
intense calcium liberation from the sarcoplasmic reticulum. In normal resting muscle, 
cytosolic Mg2+ exerts a potent inhibitory influence on the SR Ca2+ release channel (ryanodine 
receptor, RyR1). Impaired Mg2+-regulation of RyR1 has been proposed as a causal factor in 
MH. The marked potentiation of SR Ca2+ release after a moderate reduction in cytosolic 
Mg2+ suggests that conditions which cause hypomagnesemia will increase the probability 
and possibly severity of an MH event. Conversely, maintenance of a normal or slightly 
increased cytosolic Mg2+ may reduce the probability of MH45. There is increasing evidence 
to suggest that defective Mg2+ regulation of RyR1 confers susceptibility to malignant 
hyperthermia. At the molecular level, interactions between critical RyR1 subdomains may 
explain the clustering of RyR1 mutations and associated effects on Mg2+ regulation46. 

MH is a syndrome caused by dysregulation of excitation-contraction (EC) coupling in 
skeletal muscle. The increased activity of pumps and exchangers trying to correct the 
increase in Ca2+ causes a need for ATP, which in turn produces heat. Thus, the end result is 
hyperthermia. The rigidity that is frequently seen during a fulminant MH episode is the 
result of the inability of the Ca2+ pumps and transporters to reduce the unbound 
myoplasmic Ca2+ below the contractile threshold44,47. Human malignant hyperthermia is a 
heterogeneous disorder, and the down-regulation of sodium channel subunit may be 
involved in the final common pathway through which mutations in any one of several 
proteins, including the ryanodine receptor, could render a person susceptible48. These 
changes would prolong the sodium current making the cell membrane depolarized for a 
longer time, increasing calcium release time period from the terminal cisternae. Patients 
expressing sodium channel abnormalities are at increased risk for muscle rigidity.  

2.4 Triggering agents 

All volatile anesthetics are triggers of malignant hyperthermia and must therefore be strictly 
avoided in malignant hyperthermia-susceptible patients. Furthermore, the depolarizing 
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muscle relaxant succinylcholine triggers the syndrome49. Isoflurane, desflurane and 
sevoflurane appear to be less potent triggers than halothane, but these agents can produce a 
more gradual or fast onset of MH50-56. The onset may be explosive if succinylcholine is 
used57. Local anesthetics, nondepolarizing muscle relaxants, barbiturates, benzodiazepines, 
droperidol, ketamine, nitrous oxide, opioids, and propofol are all safe drugs to administer in 
MH susceptible patients49.  

2.5 Clinical presentation 

The commonest clinical presentation of MH is a hypermetabolic state in a genetically 
susceptible individual in response to certain anesthetic agents, notably succinylcholine or 
halogenated volatile anesthetics. One of the earliest clinical signs is MMR after succinylcholine. 
In vitro muscle testing in patients who have developed this sign alone reveals that 28–50% are 
susceptible to MH. In the full-blown syndrome there is a rapid and sustained rise in body 
temperature, without shivering, either in the operating theatre or in the recovery room, in the 
absence of any obvious cause such as infection or a hot and humid environment. Tachycardia, 
cyanosis, generalized muscle rigidity, and cardiac arrhythmias are common clinical signs. 
There may be heating and rapid exhaustion of the soda-lime canisters. Acidosis is an early 
finding and there may also be hyperkalemia, hyperphosphatemia, and hypocalcemia from 
muscle-cell breakdown. Rhabdomyolysis is an important feature of the syndrome and is best 
demonstrated by measuring serum CK, which usually peaks on the second or third day after 
the reaction. Tenderness and swelling of muscles may develop, especially in the thighs. 
Myoglobinemia and myoglobinuria are common and renal failure may result from the 
rhabdomyolysis. Another complication is disseminated intravascular coagulation1.  

In less obvious cases, MH may present with one or any combination of the above clinical 
signs. The first indication of MH may be an unexplained cardiac arrest or cardiac 
arrhythmia. A rise in end-tidal CO2 is often the earliest indication of MH, and now that this 
is widely measured in clinical anesthesia MH may be picked up before the more florid signs 
develop. Previously apparently uncomplicated anesthesia with halothane and/or 
succinylcholine does not exclude the diagnosis of MH on a subsequent occasion. Factors 
such as the concentration of the anesthetic drugs used, the duration of the anesthesia, and 
the degree of MH susceptibility of the patient may explain why one anesthetic procedure is 
uneventful while another in the same patient is not1. 

When MH was first recognized as a complication of anesthesia the case-fatality rate was 
70%. Today, with the use of a specific drug for MH and the introduction of an in vitro 
muscle-contracture test59 to identify susceptibility to MH in individuals and their relatives, 
the case-fatality rate is only 5%1.  

3. Sodium dantrolene 
3.1 Pharmacokinetics 

Flewellen et al showed that after an intravenous dose of dantrolene, therapeutic levels were 
rapidly achieved and remain stable for around 5.5h. Subsequently, the dantrolene blood 
level slowly declined following first order kinetics with a half-life elimination of 12h. The 
mean residual blood dantrolene concentration present 20h after the last dose was  
1.7 mcg.ml-1 and, after 50h, that level was 0.3 mcg.ml-1 60. This same study evaluated 
neuromuscular effects of intravenous dantrolene in conscious patients and showed that 
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maximal depression of muscle twitch response (75% depression) and grip strength (42% 
depression) was accomplished after a cumulative dose of 2.4 mg.kg-1 body weight. Twenty 
four hours after such regimen, dantrolene levels were still high enough to cause strength 
reduction and a subjective weakness complaint only disappeared 48h after the last dose. On 
the other hand, spontaneous respiratory parameters (peak expiratory flow rate, vital 
capacity, end-tidal carbon dioxide and respiratory rate) did not change significantly during 
dantrolene administration. In children, the pharmacokinetic profile is similar, with a half-life 
of approximately 10 h61. 

Metabolism of dantrolene is achieved microsomally in the liver via oxidative and reductive 
pathways. Oxidation results in hydroxylation of the hydantoin ring to 5-hydroxydantrolene 
(5HD), while reduction of the nitro group of dantrolene leads to the formation of 
aminodantrolene, which is then acetylated to the reduced acetylated derivative (RAD) of 
dantrolene62.  

5HD is a metabolite with muscle relaxant effects. Compared with dantrolene sodium, it has 
a longer half-life (15,5h vs. 6h), but its activity is lower and its plasma levels are only 30-50% 
of its parent drug63. As a result, in healthy patients, 5HD can only be considered to play a 
minor role on the skeletal muscle relaxant properties of dantrolene therapy. The other 
metabolites have no relaxant effect. 

After an oral dose, 70% of dantrolene is absorbed. Twenty-five percent of the dose is 
excreted in urine, most of it as 5HD (79%) or RAD (17%); only 4% is excreted as unchanged 
drug62. Biliary excretion accounts for 45-50% of the oral dose administered64. Specific and 
detailed excretion studies after intravenous dantrolene are lacking. 

3.2 Pharmacodynamics 

Dantrolene is a unique muscle relaxant. Unlike neuromuscular blocking agents (site of 
action of which is at the nicotinic receptor of the neuromuscular junction) or the nonspecific 
relaxants (which modulate spinal cord synaptic reflexes), several studies have shown that 
dantrolene interferes with excitation-contraction coupling by reducing the concentration of 
myoplasmic calcium65-69. Consequently, muscle contraction is decreased without an effect on 
the action potential patterns of the neuromuscular junction70. 

However, the pathway by which dantrolene lowers myoplasmic Ca2+ is complex and still 
not fully understood. The ryanodine receptor of skeletal muscle (RyR1) has traditionally 
been thought to be the site of action of dantrolene66, and recent studies have located the 
molecular target of dantrolene to the area comprising amino acid residues 590 through 609 
of RyR171, strengthening that hypothesis. Some controversy was shed on that assumption 
when purified RYR1 was incorporated into an artificial planar lipid bilayer and no effect of 
dantrolene was detected in channel activity or pharmacology72. As a consequence, to date, 
we lack evidence of a direct action of dantrolene on purified RyR1 channels studied in lipid 
bilayers, even in the presence of calstabin 1, ATP, and activating concentrations of Ca2+, 
suggesting that dantrolene's main action is to alter key protein-protein interactions73. 

3.3 Side effects 

The two most frequently observed side-effects were muscle weakness in 22% and phlebitis 
in 10% of the patients.  
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Besides the intrinsic effect of dantrolene therapy, muscle weakness during MH may have a 
contribution of the muscle injury that is an integral part of the syndrome. Additionally, 
prolonged mechanical ventilation may, per se, exert deleterious effects on respiratory 
function. Although some authors objectively demonstrated strength reduction with 
clinically used doses of dantrolene60, no studies of pulmonary function have been performed 
in patients after MH crises, dantrolene therapy and intensive care management. As a result, 
careful attention with respiratory function is essential in these patients, especially during 
weaning of mechanical ventilation or in patients with borderline respiratory function, like 
those neuromuscular disorders. The clinicians treating an MH episode should request 
repeated measurement of creatine kinase until it returns to normal levels74. 

Because of its high alkalinity (pH = 9.6) after reconstitution, dantrolene should be 
preferentially administered through a large bore peripheral or central venous access to 
avoid local inflammatory phlebitis at the infusion site. Moreover, the sites of infusion should 
be frequently inspected for signs of extravasation and tissue necrosis. 

Besides these, the most commonly reported adverse effects can be grouped as of central 
(drowsiness, weakness, dizziness, malaise, fatigue, diplopia, dysarthria, seizures) and 
gastrointestinal (nausea, epigastric discomfort, diarrhea, constipation, abdominal pain) 
origin70. Gastrointesinal symptoms are more common with oral therapy75. Central nervous 
system symptoms may be worsened by sedatives and general anesthetics and it is not yet 
clear whether they are mediated by altered neuronal calcium homeostasis76.  

The side-effects were more commonly reported at the initiation of oral therapy and 
frequently disappeared with continued therapy and dose titration, although in 2.5% of 
patients they may be severe and persistent enough to warrant discontinuation of therapy64. 

Once the sarcoplasmic reticulum of heart muscle plays an essential role in the variable 
calcium release and uptake in excitation-contraction coupling, negative inotropic effects of 
dantrolene could be expected. The first studies to specifically address the effects of 
dantrolene on cardiovascular function evaluated healthy anesthetized dogs and showed no 
relevant effects on arterial pressure, central venous pressure, heart rate, coronary blood flow 
and cardiac output77-78. Later, other authors argumented that those results did not imply 
absence of effects on cardiovascular functions, since mechanisms of compensation may have 
had a role in maintaining the stability of the parameters investigated79. So, several authors 
began to study the effects of dantrolene in isolated animal cardiac muscle79-81, but these 
investigations resulted in divergent results. The human studies that addressed this issue did 
not show any relevant effects of therapeutic doses of dantrolene on cardiovascular function 
60, even in patients with poor cardiac function82. Whether this stability was due to complete 
absence of action of dantrolene on human myocardium or due to the action of compensating 
cardiovascular mechanisms is still a matter of debate. 

Another relevant cardiovascular issue has recently emerged in a two-decade registry 
analysis of the complications associated with dantrolene administration74. The authors 
found that the risk of any complication with dantrolene therapy increases with larger doses 
of dantrolene and fluid administration; on the other hand, this same study showed that the 
associated use of furosemide decreased that risk. Besides this, considering only the subset of 
patients with serious underlying disease or complex surgery (like liver transplant), there 
was a greater incidence of complications and these patients commonly presented more than 
one type of complication. 
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The interpretation of these findings has to be undertaken in light of the administration 
peculiarities of dantrolene. Each vial with 20 mg of dantrolene contains 3 g of mannitol (to 
improve liposolubility) and has to be reconstituted with 60 mL of sterile water. Thus, the 
results of the registry analysis would suggest that the mannitol content of dantrolene 
formulations, when combined with fluid administration, would further aggravate the fluid 
shifts related to the pathophysiology of MH and major surgeries, justifying the occurrence 
of complications like pulmonary edema. On the other hand, the careful use of furosemide to 
maintain urinary output and regulate intravascular volume status decreased these 
complications and has long been suggested by many authors. In this registry analysis, two 
of the 386 enrolled patients (0.5%) presented a decrease in cardiac output, but the authors 
did not sufficiently describe these cases to determine if it may have been the result of direct 
negative inotropism of dantrolene or due to other possible causes, like fluid overload. 

Liver transplantation is a very complex surgery and hepatorenal syndrome and cirrhotic 
cardiomyopathy are relatively common among liver transplant patients. Besides this, fluid 
management during liver transplantation, which is especially challenging because of 
massive bleeding and altered hemodynamics of cirrhotic patients, can become even more 
challenging with the occurrence of MH. As a result, dantrolene therapy may be especially 
prone to cardiovascular complications in this population. Because of these concerns, some 
authors suggest that documentation of cardiac filling pressures and cardiac output with 
continuous monitors such as echocardiography may improve management of critically ill 
subjects during MH treatment, although they were unable to demonstrate a reduction in 
dantrolene-associated complications with these measures. Furthermore, careful titration of 
the lowest effective dose regimen should always be sought. 

Although rarely encountered, chronic oral dantrolene therapy has been linked to different 
grades of hepatic damage, including fatal hepatitis in 0.1-0.3% of patients20,83. As a result, it 
received a black box warning for hepatotoxicity in 1976, early after its release in 197484. 
Despite these facts, a few authors suggest that other concomitant therapies may have had a 
role in that toxicity75-76. In addition, in vivo experiments in mice have not revealed any 
toxicity to hepatocytes85-86. In fact, recently, it was argued that dantrolene, due to its 
properties of restoring calcium homeostasis in scenarios of its disruption (like models of 
ischemia, hypoxia, seizure, trauma, anesthesia, and neurodegenerative diseases), may have 
cytoprotective effects in different tissue culture or animal models of diseases involving 
cytotoxicity induced by disruption of intracellular calcium homeostasis in pathogenesis87. 

Although the great majority of the studies agree that dantrolene may induce liver toxicity, 
the reports regarding intravenous short term dantrolene therapy are scarce, and most of the 
information is related to the oral long term dantrolene therapy in patients with spasticity 
disorders20. The only study that addressed the hepatic effects of intravenous dantrolene, 
found no significant differences in liver enzymes after its use, although it employed 
volunteers without any signs of MH60. In publications of oral therapy, some risk factors for 
dantrolene associated hepatitis have been identified like female sex, patients over the age of 
35 years and greater accumulated doses20,88. 

Although larger doses were identified as a risk factor, there is no agreement about the 
reactions involved in dantrolene hepatotoxicity and, until now, it is not known if the 
mechanism is dose-related or attributable to hypersensitivity (idiosyncratic reaction after a 
few doses)85,89-90. As described in the pathophysiology section, ryanodine receptors were 
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recently discovered in hepatocytes38. Whether dantrolene causes liver toxicity through these 
receptors or during its metabolism is unclear. 

Most of the patients with dantrolene hepatitis develop only mild and nonspecific symptoms 
(malaise, weakness, vomiting, fever, vomiting, jaundice)90, although fatal acute hepatic 
failure has been described93. Laboratory exams show different degrees of alterations in liver 
enzymes (alkaline phosphatase, AST, ALT) and bilirubin levels91. Histological findings of 
liver biopsies did not show a homogenous pattern, and multiple different descriptions were 
published (Table 1)20,88-90,92-95. If signs of hepatic injury develop during MH therapy, the 
treatment is mainly supportive and dantrolene should be stopped soon after control of the 
crisis, as dantrolene hepatitis is usually reversible after its withdrawal. 

In the two available reports of the use of dantrolene sodium during liver transplantation, 
there were alterations in postoperative laboratory exams, but the liver graft recovered 
uneventfully56,96. Actually, although dantrolene may pose an additive threat in the large set 
of perioperative injuries to the graft, abnormal symptoms and laboratory exams may be 
masked in the routine postoperative course of hepatic transplantation. Besides this, biopsies 
may not be of great help because histological patterns of dantrolene hepatitis do not greatly 
differ from those usually observed postoperatively in liver grafts. Consequently, prevention 
of dantrolene-induced hepatic injury is crucial. So, if malignant hyperthermia happens 
during liver transplantation, it seems prudent to, besides supportive treatment, use the 
lowest effective dose of dantrolene for the shortest time possible. 

Less commonly reported effects are acne-like rash, pruritus, urticaria, fever, hypersensitivity 
pleural effusion with pericarditis. 

4. Malignant hyperthermia in liver transplantation 
4.1 Preoperative evaluation and investigation of susceptibility 

Preoperative evaluation is crucial for all liver transplant candidates and, although 
involvement of multiple specialties like surgery, gastroenterology, cardiology, nephrology 
and endocrinology may be beneficial, it does not dispense with a judicious assessment by an 
anesthesiologist. Before planning anesthesia in a patient with known or suspected 
susceptibility to malignant hyperthermia, complete information about previous anesthetic 
procedures including complications or adverse events and other medical reports is 
needed97. Such evaluation is best accomplished and documented with the use of systematic 
formularies, where all collected data are registered and the anesthetic technique is 
individualized according to the risk factors for MH. The survey should include questions 
regarding muscular disorders, complications, deaths, unexplained high fever or dark-
colored urine after surgery. Symptoms like fever, cramps, muscular fatigue and weakness 
may suggest muscular disorders and susceptibility, but are overly common among 
candidates for liver transplantation and are of limited value.  

All common premedications like opioids, benzodiazepines, barbiturates, anticholinergics, 
and antihistamines are safe, but phenothiazines should not be administered. There is no 
need for preoperative use of dantrolene, but it must be immediately available in the 
operating room.  

It must be emphasized that uneventful previous anesthetics (even more than once) with 
MH-triggering agents do not preclude the occurrence of MH in future exposures56,98. 
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Some factors may have a role in attenuating MH crisis: pre-exposure hypothermia99, 
differential trigger potency for MH100 and variable genetic penetrance101. One of the 
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profile102. 
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Besides this, large volume paracentesis, manipulation of major vessels, presence of surgical 
retractors, high propensity to massive bleeding and the reperfusion syndrome may all, per 
se, result in profound intraoperative hemodynamic changes. To further aggravate the 
scenario, it is widely known that most drugs used in anesthesia have negative effects on the 
cardiovascular system. As a result, judicious choice of anesthetic agents may help alleviate 
the tendency toward hemodynamic instability – the following choices are considered 
reasonable105. 

• Hypnotic agents for anesthetic induction: propofol in low doses (1.0 – 1.5 mg.kg-1)106; 
etomidate (0.2 – 0.3 mg.kg-1). Hypnotics are not triggers of MH. 

• Analgesic agents: fentanyl, sufentanil and remifentanil in continuous infusion are 
recommended; doses should be lower than usual, as the hepatic clearance is reduced. If 
remifentanil is used, postoperative hyperalgesia may be a concern107 and pain control 
regimens should receive special attention. Opioids are not triggers of MH. 

• Neuromuscular blocking agents: rapid sequence induction is recommended, since these 
patients commonly present with ascites108 and gastroparesis109. Succinylcholine is a 
common choice in these cases, although it should be avoided in patients susceptible to 
MH. Rocuronium is a safe alternative, although its effects may be prolonged because of 
its hepatic metabolism; furthermore, postoperatively, in case of graft dysfunction, 
extubation may be delayed110. For the maintenance of neuromuscular block, 
intermittent bolus or continuous infusion of intermediate-acting drugs independent of 
hepatic metabolism (atracurium or cisatracurium) are a good choice and should be 
guided by neuromuscular monitoring. 

• For maintenance of anesthesia during liver transplantation, halogenated inhalational 
agents (except halothane) or propofol in continuous infusion can be used. It has been 
shown that anesthetic requirements during liver transplantation are inversely 
proportional to the degree of hepatic dysfunction111, so careful titration of anesthetic 
doses with monitors like BIS© can minimize the negative cardiovascular effects of these 
drugs112. Isoflurane seems to be the most adequate halogenated agent, because it has 
few hemodynamic effects, lacks hepatotoxicity and protects hepatocytes from graft 
reperfusion injury113-114. On the other hand, isoflurane may be stronger trigger of MH 
than sevoflurane100.  

• In such a way, in MH susceptible patients, succinylcholine and halogenated inhalational 
anesthetics must be avoided and dantrolene must be available in the operating room.  
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Local anesthetics, nondepolarizing muscle relaxants, barbiturates, benzodiazepines, 
droperidol, ketamine, nitrous oxide, opioids, propofol and vasoactive drugs are all safe 
drugs to administer to these patients115. 

4.3 Suspected cases and confounding factors during liver transplantation 

MH syndrome exhibits a wide range of symptoms including tachycardia, progressive 
elevation of the exhaled CO2, arrhythmias, hyperthermia, profuse sweating, fever up to 
40ºC, cyanosis, poor skin perfusion and blood pressure instability31. The only physical sign 
typical of MH is muscular rigidity, although it may be hard to detect due to the limited 
access for physical evaluation. MMR may be observed upon anesthetic induction and is 
predictive of the syndrome32-33. 

However, tachycardia, arrhythmias, poor skin perfusion, blood pressure instability and 
other subtle manifestations of the initial phase of HM are commonly observed during liver 
transplantation, as it involves large volume paracentesis, manipulation of major vessels, 
massive bleeding and reperfusion syndrome116. Inadequate anesthetic depth and pyrogenic 
reaction can mimic some of those symptoms. 

Most of liver transplant patients are maintained normothermic with the aid of forced warm 
air mattresses. After the reperfusion, the graft begins to produce heat by its exothermic 
metabolic reactions and the addition of this new source of heat may lead to hyperthermia. 
However this temperature rise only begins lately in the course of the surgery, usually is 
minimized by turning off the mattresses and rarely exceeds 39ºC. Another potential source 
of confusion in the diagnosis of MH is the use of defective equipment for patient heating 
(leading to overheating and sweating) or poorly calibrated temperature monitors. 

Some situations can induce severe intraoperative Systemic Inflammatory Response 
Syndrome (SIRS) during liver transplantation, like bacteremia/sepsis, acute rejection and 
graft non-function. Although SIRS may show up with hyperthermia117, other MH symptoms 
like severe hypercapnia are not usually present in these cases. 

Hypercapnia may have several causes during liver transplantation, like intrinsic pulmonary 
diseases, accumulation of lung secretions in the airway, lung compression by retractors, 
inappropriate mechanical ventilation, exhaustion of soda lime and faulty carbon dioxide 
monitoring. However, after checking and solving all these issues, the maintenance of a 
progressive rise on end-tidal carbon dioxide becomes a strong indicator of malignant 
hyperthermia. 

To make diagnosis even problematic, most early laboratory manifestations of malignant 
hyperthermia, such as respiratory and lactic acidosis and hyperkalemia, are also commonly 
observed in anesthesia for liver transplantation. The reasons for respiratory acidosis were 
described above. Lactic acidosis frequently results from the combination of tissue 
hypoperfusion and decreased hepatic clearance of lactate during the anhepatic phase. 
Hyperkalemia during liver transplantation may have several reasons, like poor baseline 
renal function, large and rapid transfusion of red cells and high-potassium content of 
preservation solutions. Nonetheless, mixed venous oxygen saturation (SvO2) may have a 
lower value when MH is suspected. Due to severe increase in cellular oxygen consumption, 
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the SvO2 of patients with MH is usually low. Such low values are not usually seen in liver 
transplantation, since cirrhotic patients generally have systemic shunts and a hyperdynamic 
circulation, yielding high values of SvO2118. 

4.4 Intraoperative differential diagnosis 

Several disorders share similarities with MH and may be confused with the syndrome. 
Neuroleptic malignant syndrome is characterized by hyperthermia, acidosis, 
hyperkalemia and myoglobinuria following use of a wide variety of neuroleptics, 
especially haloperidol. Patients taking mono-amino-oxidase inhibitors who receive 
meperidine may present with hyperthermia, acidosis and an increase in creatine kinase 
concentration, what may become fatal. Other conditions that may resemble the MH 
situation include – but are not limited to – : iatrogenic overheating, thyroid storm in 
thyrotoxicosis, hypothalamic lesions, heat illness, pheochromocytoma, and intrathecal 
injection of high osmolar contrast agents, cocaine or ecstasy overdose, hypoxic 
encephalopathy and sudden cardiac arrest in a patient with occult myopathy119. None of 
these disorders, however, is frequent in liver transplant patients. 

4.5 Investigation of suspected cases 

Investigation of susceptibility should begin upon clinical suspicion during preoperative 
evaluation. 

Creatine kinase (CPK) dosage during rest has been suggested as a component of a clinical 
grading scale to predict malignant hyperthermia susceptibility for patients with positive 
family history; increased resting values could suggest myopathy and MH susceptibility120. 
The use of this test is not recommended for the general population as it would yield an 
unacceptably high rate of false positive results. Cirrhotic patients habitually have reduced 
muscle mass and decreased exercise-tolerance, thus high CPK results in patients with 
positive family history are suggestive. 

Caffeine-Halothane Contracture Test (CHCT) is considered the gold standard for the 
diagnosis of MH. This test, which uses a small piece of live muscle from biopsy, assesses 
the muscular contractility in response to increasing concentrations of halothane and 
caffeine exposure. It has a 97% sensitivity and 78% specificity121. Even in typical cases, 
CHCT is beneficial to guide the necessity of investigation of relatives. MH is inherited in 
an autosomal dominant pattern, meaning that if one of the parents has the disease, the 
risk of his or her passing it down to sons or daughters is 50 per cent122. Muscle biopsy for 
CHCT should be avoided in patients whose weight is less than 20 kg, patients under 
chronic dantrolene or calcium channel blocker therapy and in the first three months after 
a MH crisis, because muscle lesion may still be present123. A muscle sample is removed 
from the vastus lateralis or medialis or rectus abdominis. As the tests have to be finished up 
to five hours after its collection, patients have to be transported to specialized MH centers. 
The procedure is performed under general or regional anesthesia, obviously avoiding 
potentially trigerring agents and keeping dantrolene immediately available123. CHCT is 
indicated in patients preoperatively deemed at risk for MH, postoperatively in patients 
with a typical MH crisis during liver transplantation and the relatives of the patients with 
a positive CHCT.  
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4.6 Management and treatment of MH during anesthesia for liver transplantation  

4.6.1 Intraoperatively 

Protocols for MH treatment prioritize four mainstays: immediate discontinuation of trigger 
agents, administration of antidote (sodium dantrolene), life support measures and 
prevention of complications124-125.  

In the acute phase of MH the following steps are recommended: 

1. Immediate discontinuation of triggering agents: some MH crisis may be attenuated or 
aborted with discontinuation of triggering agents. When MH or MMR is identified soon 
after induction, postponement of the surgery is commonly recommended119. In liver 
transplant surgery, however, the decision to postpone the procedure is very tough. The 
anesthesiologist is faced with a patient who has a delicate clinical status that may be 
worsened either by a MH crisis or by returning to the waiting list. All the medical team 
should be involved in this sentence.  

2. Call for help: initiation of measures to treat MH, including the laborious process of 
dantrolene dilution, may be troublesome for one only anesthesiologist. Consequently 
the presence of another health professional (preferably an anesthesiologist) may be of 
valuable help. 

3. Adjust ventilation: increase minute ventilation to lower EtCO2 and use 100% oxygen. 
There is no need to change the breathing circuit or the soda lime canister126. 

4. Administer the antidote: Dantrolene is the drug of choice in treatment of malignant 
hyperthermia127. The contents of each bottle should be diluted in 60 mL of sterile water 
rather than solutions such as 5 percent dextrose in water or bicarbonate because the 
extra molecules in solution lead to a salting-out effect with greater difficulty in 
dissolving dantrolene. If it does not dissolve immediately, producing a clear yellow to 
yellow-orange color, it should be heated under tap water or autoclaved for a few 
minutes128. In a dire emergency, it should be administered through a blood filter 
without concern for crystals. Dantrolene should be preferentially administered through 
a large bore peripheral or central venous access to avoid local inflammatory phlebitis at 
the infusion site.  
General dosing regimens recommend an initial bolus of 2.5 mg.kg-1, which can be 
repeated every 5 minutes until normalization of the hypermetabolic state and the 
disappearance of all MH symptoms. After this initial control, a continuous intravenous 
dantrolene infusion at 10 mg.kg-1.day-1 should be given for at least 24 h after initial 
successful therapy76.  
Although this is the classical regimen, it may be excessive and deleterious in liver 
transplantation patients. In this scenario, although the diseased liver is removed and a 
new liver graft is transplanted, the transplanted liver unavoidably sustains warm, cold, 
and reperfusion injuries during graft procurement and transplantation129. Dantrolene 
sodium is considered hepatotoxic and the hepatic effects of dantrolene on such liver 
allografts are unknown. As a result, it seems prudent to use the lowest effective dose for 
the shortest time possible. 
There are two published case reports of MH in liver transplantation, with identical 
clinical presentation and successful treatment with lower than usual dantrolene 
doses56,96. One of the reports used a 1 mg.kg-1 dose intraoperatively, followed by 1 
mg.kg-1 every eight hours for 36 hours; the authors observed signs of hepatic 
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dysfunction 9 days after the transplant, which was attributed to dantrolene and had 
spontaneous resolution56. In the other report, the same intraoperative dose was used  
(1 mg.kg-1) and no maintenance dose was used; in this case, no signs of liver graft 
dysfunction were observed96.  
Therefore, to minimize the risks of graft toxicity by dantrolene, it seems prudent to 
adopt intraoperative doses of 1 mg.kg-1, which may be repeated every 30 minutes until 
control of symptoms. Next, the patient should be closely observed for MH 
recrudescences; if these occur, a regimen of 1 mg.kg-1 every eight hours for 36 hours 
should be instituted. 

5. Begin active cooling measures: hypothermic blanket under and over the patient (if 
possible); cold isotonic saline for intravenous infusion and for gastric, vesical, peritoneal 
or rectal irrigation, as appropriate; ice packs to groin, axilla, and neck. To avoid 
hypothermia, cooling measures should be stopped when temperature decreases to 
38ºC130. 

6. Treatment of metabolic acidosis: drugs like sodium bicarbonate or THAM are usually 
required to keep pH within the acceptable range132. 

7. Treatment of hyperkalemia: pH should be raised with the aid of hyperventilation 
and/or sodium bicarbonate or THAM. Glucose-insulin infusions may be helpful. In the 
past, authors contraindicated the use of Calcium Chloride during MH because they 
feared worsening of the crisis131, on the other hand, today, it seems reasonable to use it 
to antagonize hyperkalemia-induced electrocardiographic changes132. 

8. Treatment of cardiac arrhythmias: the control of hyperkalemia and acidosis usually 
alleviates this problem. When they persist, the treatment should be guided according to 
internationally accepted protocols, like Advanced Cardiac Life Support©. Calcium 
blockers should not be used along with dantrolene, since hyperkalemia (sometimes 
culminating in cardiovascular collapse) has been described in animals with such a drug 
combination132.  

9. Optimize urine output: an output greater than 2 mL.kg-1 should be instituted with the 
use of fluids and diuretics, like furosemide and mannitol. Such measure prevents the 
development of renal injury secondary to rhabdomyolysis and helps the control of 
hyperkalemia124. 

10. Follow blood gases, electrolytes, creatine kinase, coagulation profile and urine 
myoglobin. 

11. Call for specialized center: several countries have toll-free phone numbers for MH 
centers. As MH is a rare disorder, few anesthesiologists are fully used to its treatment 
when it happens. With such call, one may receive valuable instructions. 

4.6.2 Postoperatively 

1. Observation and monitoring: as much as 25% of patients with MH will present a 
recrudescence of the syndrome several hours after its initial control133. As a result, 
authors recommend observation in Intensive Care Units for 24-72 hours 
postoperatively32. Samples for blood gases, electrolytes, creatine kinase, coagulation 
profile and blood and urine myoglobin should be collected every 6-12 hours76,131. 
Habitually, immediate postoperative tests show evidence of hepatic injury (increased 
liver enzymes) and coagulopathy. Such profile mainly results of the ischemic injury to 
the graft and is self-limited when the graft begins to work. When MH occurs during 
liver transplantation, it is not clear if dantrolene can make these abnormalities more 
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severe nor if it can contribute to graft dysfunction. Irrespective of these uncertainties, 
the postoperative management is similar: graft function should be closely followed, 
dantrolene doses should be minimized to control symptoms and supportive treatment 
should be instituted. Liver biopsy has a limited value in this scenario, since the 
histopathological patterns of dantrolene hepatotoxicity are comparable to the ones 
usually observed in liver transplantation and the treatment choice does not change. If 
severe graft dysfunction ensues despite minimal use of dantrolene, retransplantation 
should be considered.  

2. Postoperative dantrolene therapy: in liver transplant patients, after initial control of 
MH, dantrolene should be reserved for recrudescences (to minimize liver toxicity). The 
dosage regimen is recommended 1 mg.kg-1 every eight hours for 36 hours. 

3. Mechanical ventilation weaning: one of the most reported side-effects of dantrolene is 
muscle weakness, which may persist up to 24-48h after the last dose. Although some 
authors objectively demonstrated strength reduction with clinically used doses of 
dantrolene60, no studies of pulmonary function have been performed in patients after 
MH crises, dantrolene therapy and intensive care management. As a result, careful 
attention with respiratory function is essential in these patients, especially during 
weaning of mechanical ventilation or in patients with borderline respiratory function, 
like those neuromuscular disorders. 

4. Refer patient and family to MH Testing Center for contracture or DNA testing134-135. 

4.7 Perioperative management of liver transplantation candidates susceptible to 
malignant hyperthermia 

Patients at risk for MH may be identified based on data collected on preoperative 
evaluation, like clinical symptoms, presence of muscular disease and personal and family 
history of previous anesthetics (see preoperative evaluation section). CHCT is indicated in 
patients preoperatively deemed at risk for MH, postoperatively in patients with a typical 
MH crisis during liver transplantation and the relatives of the patients with a positive 
CHCT. Anesthesia for liver transplantation in patients with some risk factors for MH must 
be free of succinylcholine and halogenated inhalational agents. Additionally, dantrolene 
must be immediately available in the operating room. Besides this, some precautions have to 
be taken with the anesthesia machine. Avoidance of succinylcholine is an easy to deal issue. 
However, avoidance of vapor anesthetics is more challenging because anesthesia machines 
retain anesthetic vapors long after discontinuation. Instructions for clearing residual 
anesthetic gases include removal or disabling of vaporizers, flushing the machine with a 
fresh gas flow rate more than 10 L.min-1 using the ventilator for at least 20 min, and 
replacement of the fresh gas outlet hose, carbon dioxide absorbent, and anesthesia circuit. 
The goal is to decrease the residual anesthetic vapor concentration within the breathing 
circuit. These precautions represent the standard of care for the management of MH-
susceptible patients. These instructions for purging anesthetic gases were derived from 
studies designed to optimize gas clearance in older generation machines. Modern anesthesia 
workstations are more complex and contain more gas absorbing materials. The current 
guidelines are inadequate to prepare newer generation workstations, which require more 
time for purging anesthetic gases, autoclaving or replacement of parts, and modifications to 
the gas delivery system. As a result, institutions must develop protocols that individualize 
their own new generation anesthesia machines136. 
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5. Conclusion 
Malignant hyperthermia is an inherited pharmacogenetic disorder of the skeletal muscle. It 
can be triggered by any halogenated inhalational agent or by succinylcholine. A mutation on 
the Ryanodine Receptor (RyR) may be the main causative factor, resulting in a defect of 
intracellular Ca2+ homeostasis. Besides muscle tissue, RyR’s are present in hepatocytes. 
Dantrolene is the only available treatment for MH and is a unique muscle relaxant that 
interferes with excitation-contraction coupling by reducing the concentration of myoplasmic 
calcium. This drug seems to be hepatotoxic, although the exact mechanism is unclear. 
Preoperative evaluation of liver transplant candidates by anesthesiologist is critical to 
identify patients at risk or susceptible to MH. There is a significant overlap between the MH 
clinical manifestations and the usual physiological behavior during liver transplantation, 
and early clinical diagnosis is a challenge. Sustained and progressive increases in EtCO2, 
despite checking and solving other possible causes, should raise suspicion of MH. 
Treatment should be aimed towards discontinuing triggering agents, administering the 
antidote and instituting supportive measures. Due to its possible hepatotoxicity, dantrolene 
should be used in doses lower than usual and for shorter periods of time. 
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