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  Pref ace   

 Since 1963, when Thomas E. Strarzl performed the fi rst human liver transplantation 
in a baby, a long way has been passed in the fi eld of solid organ transplantation. 
Improvements in the surgical techniques and in immunosuppression in the early 
years not always achieved the expected results, and outcome was more often mea-
sured in months rather than years. In the late 1980s, a dramatic improvement in the 
patient’s management and the discoveries of new immunosuppressive drugs led the 
shifting of organ transplantation from an experimental procedure to a real treatment 
that could have been offered to a larger proportion of patients affected by end-stage 
acute or chronic organ failures. 

 From those years, the clinical and scientifi c interest in organ transplantation has 
broadened, involving ethical issues, transplant infectious disease, critical care man-
agement, and new strategies to increase the donor pool. Furthermore, because    post- 
transplant outcome is now measured in terms of years and decades, new clinical 
issues have been raised, like management of metabolic disease or viral reinfection 
or neoplastic disease, either recurrence or de novo. 

 Under the incentive    of my active associate Giorgio Ercolani, we decided to try 
to summarize in a single book the new immunological strategies, the surgical 
innovative techniques, risks of infections after transplantation with a look to 
potential transmission from donors and innovative transplant procedures. We have 
asked my friend Dr. Alessandro Nanni Costa, President of the Italian Transplant 
Network, to report the Italian Guidelines in the evaluation and management of 
potential donors. We have then tried to focus on peculiar aspects of transplanta-
tion of liver, kidney, and small bowel underlining the indications, the technical 
aspects with special attention to living donor transplantation and the diagnosis 
and the management of the complications. Finally, two separate chapters are dedi-
cated to the most frequently combined abdominal solid organ transplants (liver-
kidney and kidney-pancreas). 

 I would like to thank all the contributors for the excellent work they have done, 
and I believe that this book might be useful for all physicians and surgeons involved 
in this fi eld.  

    Bologna ,  Italy      Antonio     D.     Pinna  ,   MD       
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  1      Transplantation Immunology 

             Mihir     M.     Shah    *,     Naftali     Presser    *, and     John     J.     Fung     

1.1             Introduction 

 The twentieth century began with uniformly unsuccessful endeavors at investiga-
tional allotransplantation, and the next half-century was marked by repeated failure. 
The recognition of histocompatibility antigens [ 1 ] and the primary role of lympho-
cytes [ 2 ] in allorecognition were the two innovations that laid the foundation of 
transplant immunology that was to eventually form the basis for strategies leading 
to successful solid organ transplantation. 

 In the era preceding the development of dialysis, where end-stage renal disease 
meant imminent death, numerous attempts at renal transplantation failed to yield 
long-term survivors. The fi rst successful renal transplant, performed between iden-
tical twins at the Peter Bent Brigham Hospital in Boston on December 23, 1954, by 
Moore, Murray, Merrill, and Harrison, energized the transplant community with 
passion – the barrier of histoincompatibility overcome by virtue of transplantation 
of a kidney between identical twins, nevertheless demonstrating the utility of organ 
replacement. Subsequently, Starzl performed the fi rst successful kidney transplant 
between histoincompatible individuals, under azathioprine-based immunosuppres-
sion, 6 years following the twin transplant [ 3 ]. 

 “The Relation of Immunology to Tissue Homotransplantation” was the title for the 
fi rst international transplant conference sponsored by the New York Academy of 

* Author contributed equally with all other contributors.
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Sciences in 1954 [ 4 ]. Current strategies in solid organ transplantation are based upon a 
comprehensive understanding of immunology and the use of potent immunosuppres-
sive agents, which have led to high rates of success. Investigations in transplantation 
immunology have led to paradigm shifts in immunology and have greatly contributed 
to novel approaches to enhance allograft survival while minimizing morbidity. 

 In this chapter, we will provide an overview of transplant immunology including 
the principles of allorecognition, the immunological basis of organ rejection (includ-
ing the immunology of xenotransplantation), and the rationale for historical and 
current immunosuppressive therapy. Focus will be placed on clinical solid organ 
transplantation with emphasis on fundamental concepts related to the up-to-date 
practice of transplant medicine.  

1.2     Allorecognition 

1.2.1     Major Histocompatibility Complex 

 The major histocompatibility complex (MHC) refers to a collection of genes, or 
genetic region, whose fundamental function is the production of proteins that pres-
ent self and foreign antigens (peptide fragments) to immunocytes as part of normal 
immunologic surveillance. These complexes of peptide fragments in conjunction 
with MHC molecules are recognized by specifi c receptors on immunocytes and 
under specifi c circumstances initiate an immunologic cascade with the intent of 
creating a regulated and targeted response. 

 Human leukocyte antigen (HLA) is the term used for human MHC molecules. 
Two distinct classes of MHC antigens, Class I (HLA-A, HLA-B, HLA-C) and Class 
II (HLA-DR, HLA-DP, HLA-DQ), are located on chromosome 6. HLA Class I 
molecules are expressed on all nucleated cells as well as platelets, while HLA Class 
II are associated with antigen-presenting cells (APCs), including lymphocytes, 
monocytes, macrophages, and dendritic cells. A limiting factor in the exchange of 
organs between nonidentical individuals is the high degree of polymorphisms within 
the HLA loci, with resultant large numbers of allelic combinations resulting in low 
probabilities of complete matching in a random setting. The difference in MHC 
molecules between the donor and recipient is a primary cause of graft rejection.  

1.2.2     Mechanisms of Allorecognition 

 In the thymus, T lymphocytes are selected for their ability to differentiate self from 
nonself, i.e., those T lymphocytes with excessive affi nity for self-MHC are deleted 
(negative selection), whereas those with appropriate affi nity are designated for mat-
uration and export to the peripheral immune system (positive selection). This pro-
cess is designed to deal with altered self (both viral- and tumor-related changes) as 
well as foreign antigens from bacterial and parasitic infections. Physiologic antigen 
processing involves peptide fragment generation via proteasome degradation of 
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cytosolic proteins and presentation on Class I MHC and via proteolytic degradation 
of proteins within phagosomes and subsequent presentation with Class II MHC 
antigens. This process entails indirect antigen presentation, meaning that the immu-
nocyte receptor recognizes the peptide fragments in context within the MHC bind-
ing groove. 

 Conceptually, the immune system would never naturally encounter alloantigens – 
the sole exception being in the context of pregnancy. Although the placenta provides 
a barrier between the mother and fetus during pregnancy, low levels of maternal and 
fetal cells can be found circulating in the fetus and the mother, respectively. 
Persistence of fetal cells in the mother has been associated with late autoimmune 
disorders [ 5 ], while the presence of maternal cells in the fetus is associated with tol-
erance to maternal antigens [ 6 ] and may also be associated with autoimmune disor-
ders in offspring [ 7 ]. Since all pregnant women have detectable fetal cells in their 
blood by 36 weeks of gestation, elimination of these cells may be mediated by 
peripherally circulating T cells with high affi nity for nonself HLA and would entail 
direct allorecognition rather than generating alloantibody responses through indirect 
antigen presentation, which may adversely affect subsequent pregnancies. 

 In allotransplantation, recognition of foreign MHC likely involves both indirect 
and direct allorecognition. Indirect allorecognition utilizes a mechanism similar to 
the one involved in recognition of foreign antigens – specifi cally, fragments of for-
eign MHC molecules are processed through the phagosome and presented as anti-
genic peptides bound in the groove of self-MHC Class II molecules on APC. In 
direct allorecognition, foreign MHC molecules on donor cells that migrate out of 
the allograft are directly recognized by T lymphocytes, perhaps secondary to the 
innate affi nity of T-cell receptors (TCR) for MHC molecules [ 8 ]. The binding of 
these TCR in direct antigen presentation is not thought to be specifi cally to the 
MHC binding groove; in fact, the recognition of donor MHC does not require anti-
gen processing through APC [ 9 ]. 

 It is possible that the direct allorecognition pathway predominates in the early 
phases of alloimmune responses and accounts for the strength of the alloimmune 
response related to a high T-cell precursor frequency, estimated to be as high as one 
in ten circulating T cells. It has been speculated that indirect alloantigen presenta-
tion may be important in chronic transplant rejection, which is likely to be mediated 
through various cytokines and chemokines released by T helper cells, as well as the 
effects of alloantibody generated by B cells stimulated via an indirect antigen pre-
sentation pathway.  

1.2.3     Transplant Rejection 

1.2.3.1     Hyperacute Rejection 
 Patients, who have had prior exposure to MHC antigens via previous transplant 
procedures, blood transfusions, or pregnancies, are at risk for developing antibodies 
reactive with alloantigens. When preexisting antibodies to blood groups, HLA, or 
other polymorphic antigens expressed on the graft are present in the recipient, they 
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can immediately bind to the graft and activate complement or arm cytolytic cells via 
antibody-dependent cellular cytotoxicity (ADCC) pathways. When the B-cell sur-
face immunoglobulin receptor binds specifi c noncarbohydrate antigens in the con-
text of soluble T helper cytokines, B cells are activated. CD4+ helper T-cell cytokines 
are responsible for the activation of B cells and thus indirectly for the majority of 
antibody production. B cells undergo differentiation, divide, and become plasma 
cells, which secrete soluble forms of the antigen-specifi c antibodies displayed on 
their cell surface. Plasma cells are long-lived and migrate to the bone marrow, where 
low levels of antibodies are secreted throughout the life of the plasma cell. Both 
IgM and IgG alloantibodies can be detected in the serum as well as in the graft of 
animals and humans undergoing allograft rejection. Preformed anti- HLA Class I 
antibodies, and occasionally anti-endothelial antibodies, play an important role in 
hyperacute rejection and accelerated vascular rejection seen in previously sensitized 
transplant recipients [ 9 ]. 

 Events culminating in hyperacute rejection include binding of complement 
components, which themselves can cause direct damage through the membrane 
attack complex (MAC), and indirectly through chemokine properties of comple-
ment breakdown products, C3a and C5a, as well as deposition of platelets and 
fi brin, infi ltration by granulocytes and monocytes, and fi brinoid necrosis of the 
vessel wall. This form of rejection manifests within minutes to hours after trans-
plant, leading to graft failure as well as systemic manifestations such as 
 disseminated intravascular coagulopathy. Fortunately, the incidence of hyper-
acute rejection has decreased signifi cantly by employing routine HLA cross-
matching screening, as well as avoiding ABO incompatilbility, prior to 
transplantation [ 10 ].  

1.2.3.2     Acute Rejection 
 HLA differences activate a variety of events that result in acute cellular rejection 
and also set the stage for the development of chronic rejection. Recent advances in 
molecular and cellular immunology have further unraveled interactions between 
APC and T and B cells. These include elucidation of pathways involved in T-cell 
activation and apoptosis; identifi cation of novel regulatory cells,  including 
T-regulatory cells, B-regulatory cells, and suppressive APCs; as well as greater 
appreciation of the complex interactions between innate and adaptive immunity. 
Furthermore, elucidation of triggers of B-cell activation and antibody synthesis 
have allowed for the development of B-cell-specifi c immunosuppression. 

 Since T cells serve as the central hub in the cascade of alloimmunity, a brief 
overview of the current understanding of T-cell activation and proliferation is war-
ranted. Optimal activation of naïve T cells requires coordinated signal transduction 
through three pathways: (1) nuclear factor-κB (NF-κB) pathway, (2) mitogen- 
activated protein (MAP) kinase-induced activator protein-1 (AP-1) activation, and 
(3) calcium-dependent calcineurin dephosphorylation of nuclear factor of activated 
T cells (NFAT) [ 11 ,  13 ]. Antigen-specifi c T cells interact with APC through the 
T-cell receptor (TCR)/MHC Class II molecule (signal 1) and CD28 costimulatory 
molecule/B7 (CD80 and CD86) molecules (signal 2) within the contact area, also 
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known as the “immunological synapse.” Subsequently, phosphorylation of the 
immunoreceptor tyrosine-based activation motifs (ITAMs) on the CD3 cytoplasmic 
tail results in downstream activation of protein kinase C (PKC) and MAP kinase 
with resultant activation of transcription factors, in particular NF-κB and AP-1 [ 12 ]. 
In addition, PKC appears to synergize with the serine/threonine phosphatase, calci-
neurin, to dephosphorylate NFAT to bind to a nuclear translocating protein. These 
cytoplasmic factors translocate to the nucleus, where they bind to their respective 
response elements, leading to gene transcription and synthesis of a variety of pro-
teins, including interleukin-2 (IL-2), the α-chain of the IL-2 receptor (CD25), the 
CD40 ligand (CD154), interferon gamma, tumor necrosis factor α and β (TNF-α 
and TNF-β), and stem cell growth factors (e.g., granulocyte colony stimulatory fac-
tor) [ 12 ]. Secreted factors, in particular IL-2, bind in an autocrine or paracrine man-
ner to their corresponding receptors on the T-cell surface to deliver signal 3 by 
activation of Janus kinase (JAK), in particular the JAK-3 isoform. This in turn leads 
to activation of other key downstream regulatory proteins, including FRAP, also 
known as mTOR (“mammalian target of rapamycin”). mTOR plays a key role in the 
signal transduction pathways downstream to many growth factor receptors (includ-
ing the IL-2 receptor). This results in DNA synthesis and initiation of T-cell clonal 
proliferation as well as generation of effector T cells [ 14 ]. Other cytokines, such as 
IL-4, induce B-cell maturation and antibody synthesis, while other cytokines have 
pleomorphic effects, such as smooth muscle proliferation, and induce fi broblast 
proliferation, all hallmarks of chronic rejection [ 15 – 18 ]. Fortunately, the incidence 
of acute rejection is more frequent in the initial 6 weeks after engraftment and 
declines in incidence and severity after this period [ 19 ]. Nevertheless, for memory 
T cells, the need for costimulation is eliminated, and TCR-CD3/antigen-MHC 
engagement is all that is required for subsequent T-cell proliferation. 

 Once the antigen is consumed or removed, the process downregulates by virtue of 
several events. APC presents a negative costimulatory signal, CTLA4, which opposes 
the positive action of CD28. In addition, T-regulatory cells (Tregs), which bear CD25 
and CTLA4, are generated. These cells inhibit T-cell proliferation in both animals 
and humans. Both CTLA4 and Tregs appear to induce activated T-cell apoptosis, also 
known as programmed cell death, a process of DNA fragmentation [ 20 ,  21 ].  

1.2.3.3     Chronic Rejection 
 Progressive decline in allograft function, months or years after transplantation, is 
manifested by gradual vascular obliteration (a hallmark in all types of allografts), 
eventually leading to fi brosis and allograft dysfunction [ 22 ]. In addition, each organ 
system may have specifi c manifestations of chronic allograft rejection, such as 
“vanishing bile duct syndrome” in the livers, accelerated diffuse coronary artery 
allograft vasculopathy in hearts, bronchiolitis obliterans in the lungs, recurrent dia-
betes mellitus in the pancreas, and chronic allograft nephropathy in the kidneys. 
Immunological factors, such as episodes of acute rejections, degree of histoincom-
patibility, and level of pre-sensitization, as well as other non- immunological factors, 
such as: ischemia reperfusion injury, hyperlipidemia, immunosuppressive drug tox-
icity, and infection- related allograft infl ammation, contribute to chronic allograft 
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dysfunction. Occurrences of episodes of acute rejection predispose to the develop-
ment of chronic rejection in several studies [ 23 ]. Alternatively, indirect allorecogni-
tion may result in chronic rejection. Experimental evidence suggests that infi ltration 
of host APC into the graft, which is depleted of APC, makes it susceptible to chronic 
rejection [ 24 ].    

1.3     Immunosuppression 

1.3.1     Introduction 

 Prior to the advent of immunosuppression, transplant recipients received total body 
irradiation to suppress the immune response, and all ended with poor outcomes. The 
fi rst breakthrough in immunosuppression occurred when Dameshek and Schwartz 
reported the development of 6-mercaptopurine (6-MP) [ 25 ]. Calne reported on the 
successful use of 6-MP for renal transplants in dogs [ 26 ]. This was followed by the 
report that azathioprine (AZA), a derivative of 6-MP, was as effective and less toxic, 
facilitating its widespread use in 1962. Starzl combined AZA and steroids, which 
became the standard regimen for renal transplantation prior to the advent of T-cell- 
specifi c immunosuppression. The ability to minimize hyperacute rejection with the 
introduction of crossmatching resulted in improved early survival after kidney 
transplantation. Subsequently, the application of the more targeted immunosuppres-
sive agents, cyclosporine and then tacrolimus, further reduced the risk of immuno-
logic loss after transplantation and greatly contributed to making transplantation 
routinely successful. 

 Optimal immunosuppression as it relates to transplantation is defi ned as the level 
of drug therapy that achieves graft acceptance with the least suppression of systemic 
immunity. In so doing, the amount of systemic toxicity, namely, infection and malig-
nancy, in addition to drug-specifi c side effects, is minimized, although not entirely 
eliminated [ 27 ]. Therapeutic drug monitoring and titration of immunosuppression 
is limited to only a few immunosuppressive agents, and, in practice, over- or under-
immunosuppression almost invariably becomes apparent only in retrospect. 

 The use of immunosuppressive agents in transplantation can be categorized into 
three settings: (1) initial induction therapy with potent suppression of the immune 
response, (2) maintenance therapy to minimize the risk of acute and chronic rejec-
tion while maximizing immune competency and minimizing toxicity, and (3) rever-
sal of acute and/or stabilization of chronic rejection episodes. A fi ne balance is 
required between the potency and the toxicity of these agents, in some cases requir-
ing therapeutic drug monitoring. As mentioned earlier, occurrence of acute rejec-
tion episode(s) may predispose to chronic rejection, even though the acute rejection 
episode is treated adequately. Although this underscores the traditional dogma “pre-
vention is better than cure,” it is now appreciated that in order to achieve the Holy 
Grail of transplantation, namely, tolerance, some immune activation is necessary. 
Whether newer immunosuppressive agents are able to allow selective activation of 
pro-tolerant regulatory pathways remains to be seen in the clinical setting. 
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 In order to better understand the use of immunosuppressive agents, it is helpful 
to categorize their mechanisms of action, such as antimetabolite, depleting, anti- 
infl ammatory, inhibition of cytokine synthesis, and inhibition of growth factor pro-
liferation. Most immunosuppressive regimens utilize combinations of these agents 
to obtain additive or synergistic effects of the various classes of agents while mini-
mizing their toxicity. As the T-cell response is the hub of activation of other down-
stream effector mechanisms of alloimmunity, it is not surprising that most approved 
immunosuppressive agents are targeted to directly or indirectly control the T-cell 
response. Nevertheless, several drugs have been utilized in transplantation targeted 
to these downstream effector pathways, such as the alloantibody response and 
cytokine- driven myofi broblast proliferation. 

1.3.1.1     Antimetabolites 

   Azathioprine (AZA) 
 AZA is a purine nucleoside analogue and an inactive prodrug. It is well absorbed 
after oral administration and is metabolized in the liver to the active drug 6-MP, 
which in turn is converted to active metabolite thioinosinic acid (TIMP). 6-MP is 
catabolized via the thiopurine methyltransferase and the xanthine oxidase path-
ways, with the fi nal metabolites excreted in the urine. Hence, the main immunosup-
pressive activity of AZA depends on the metabolism to thioguanine nucleotides 
[ 28 ]. Thioguanine nucleotides are incorporated into and damage DNA and RNA, 
causing inhibition of transcription and arrest of cell proliferation [ 29 ]. TIMP inhib-
its the enzymes adenylosuccinate synthetase, adenylosuccinate lyase, and inosine 
monophosphate dehydrogenase, thus interfering with guanylic and adenylic acid 
synthesis from inosinic acid. TIMP is converted to thioguanylic acid, which is 
incorporated into DNA, thus interfering with DNA synthesis. AZA suppresses pro-
liferation of activated B and T lymphocytes and also decreases the number of circu-
lating monocytes by arresting bone marrow promyelocyte cell cycle. 

 AZA use has fallen with the availability of mycophenolic acid derivatives (see 
“mycophenolic acid”) and is now largely used in treatment of autoimmune diseases. 
The major nonimmune toxic side effect of AZA is dose-limiting bone marrow sup-
pression (BMS), leading to pancytopenia. Hence, monitoring of blood counts is used 
to guide dosing. The hematological side effects are generally reversible, when AZA 
dosage is reduced or when it is temporarily discontinued. As with other antiprolifera-
tive immunosuppressants, nausea, vomiting, and reversible hair loss may occur with 
AZA. AZA may also cause reversible cholestasis and infrequently results in severe 
 veno-occlusive liver disease [ 30 ] and interstitial pneumonitis. It can be also associated 
with pancreatitis, assumed to be secondary to a hypersensitivity reaction [ 31 ]. It 
appears to be safer to use in pregnancy than other antiproliferative agents, as fetal cells 
lack the enzyme necessary to produce potentially toxic thioguanine nucleotides. 

 The interaction between AZA and allopurinol deserves special attention. 
Allopurinol inhibits xanthine oxidase, which is an important route of drug elimina-
tion for AZA – inhibiting the breakdown of AZA and its metabolites. This results in 
enhanced toxicity of AZA, thus necessitating dramatic dose reduction. Severe and 
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prolonged neutropenia with sepsis has been reported in patients treated concomi-
tantly with both drugs [ 32 ]. A safer alternative for patients requiring allopurinol is 
to substitute AZA with mycophenolate derivatives.  

   Mycophenolic Acid 
 Mycophenolate mofetil (MMF) is an immunosuppressant introduced for use in 
transplantation [ 33 – 39 ]. MMF is a prodrug form of mycophenolic acid (MPA) and 
was developed as a replacement for AZA and currently is a cornerstone in a number 
of maintenance regimens. After absorption, it is rapidly converted to its active 
metabolite MPA via hydrolysis. MPA is a reversible noncompetitive inhibitor of 
inosine monophosphate dehydrogenase (IMPDH), which is a key enzyme in the de 
novo synthesis of guanosine monophosphate (purine synthesis pathway). This inhi-
bition of IMPDH causes a defi ciency of guanosine and deoxyguanosine nucleotides 
(preventing DNA and RNA synthesis) and a relative excess of adenosine nucleo-
tides (inhibits 5-phosphoribosyl-1-pyrophosphate synthase, which further halts the 
purine synthesis). Hence, MPA selectively inhibits lymphocyte proliferation as lym-
phocytes are relatively dependent on the de novo purine synthesis pathway. In vitro, 
MPA suppresses antibody formation, inhibits cytotoxic T-cell production, and 
reduces the expression of certain adhesion molecules. 

 MPA is 90 % bound to plasma proteins. The main pathway of elimination is by 
hepatic glucuronidation and excretion in both the stool and urine. Of note is that the 
biliary excreted form of MPA glucuronide metabolites can undergo bacterial break-
down and reabsorption, also known as the enterohepatic circulation where inactive 
MPA is converted back to active MPA by glucuronidases from gut fl ora. 

 The results from various trials related to renal transplant, including multicenter 
double-blinded placebo-controlled trials, have shown that MMF-treated patients 
have a signifi cant decrease in the incidence of acute rejection when compared to 
patients treated with placebo or AZA without an increase in the adverse events [ 35 ]. 

 MMF is usually well tolerated. The major side effects are related to gastrointes-
tinal symptoms such as nausea, vomiting, and diarrhea, which subside with a 
decrease in the dose of MMF. The gastrointestinal symptoms are believed to be 
secondary to the dependency of the gastrointestinal tract epithelial cells on 
IMPDH. MMF does not cause nephrotoxicity, hepatotoxicity, or signifi cant bone 
marrow suppression, but patients treated with MMF may be more likely to develop 
invasive CMV disease [ 38 ]. In addition, MPA/MMF use during pregnancy has been 
associated with microtia and facial dysmorphic features in the offspring [ 39 ] and 
recommendations include discontinuing MMF/MPA at least 6 weeks prior to 
becoming pregnant.   

1.3.1.2    Anti-inflammatory 

   Corticosteroids 
 Synthetic glucocorticoids have been used for all phases of transplant immunosup-
pression including induction and maintenance immunosuppression, as well as for 
treatment of acute rejection episodes. Prednisone, prednisolone, methylprednisolone, 
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and hydrocortisone are the main compounds used in transplantation. Oral absorp-
tion of glucocorticoids is otherwise very high, and they are 90 % bound to plasma 
proteins. Hepatic p450 enzymes metabolize the glucocorticoids, but rarely do induc-
ers or inhibitors of the p450 enzymes require a dose adjustment of glucocorticoids. 

 Corticosteroids possess both immunosuppressive and anti-infl ammatory proper-
ties [ 40 ]. The pharmacologic effects include suppression of macrophage function, 
prevention on T lymphocyte proliferation, inhibition of cytokine production (in par-
ticular IL-1), reduction in adhesion molecule expression, induction of lymphocyte 
apoptosis, alteration of leukocyte traffi cking, inhibition of leukocyte transmigration 
through blood vessels, and reduction of MHC expression. Other effects also include 
suppression of prostaglandin synthesis, decreasing capillary permeability, inhibit-
ing histamine and bradykinin release, as well as reducing the absolute number of 
neutrophils and eosinophils. Corticosteroids bind to the intracytoplasmic receptors 
within target cells to form an active corticosteroid receptor complex (CRC), which 
binds to the DNA in the nucleus at the corticosteroid response element (CRE) of the 
promoters of target genes. The CRC and the CRE interaction results in induction or 
suppression of the transcription of the target genes. It activates the gene that inhibits 
the activity of NF-kB (an important transcriptional activator for many proinfl amma-
tory cytokines) [ 41 ]. 

 The administration of corticosteroids is typically recommended as a single morning 
dose to resemble the standard physiologic rhythm of the pituitary-adrenal axis. High-
dose intravenous methylprednisolone is the standard therapy for acute rejection (250–
500 mg/day for 3 days) and effectively reverses 85–90 % of acute rejection episodes. 
Oral prednisone in equivalent doses can also be used with comparable results. 

 Frequent side effects of corticosteroids include hypertension, hyperlipidemia, 
diabetes mellitus, peptic ulceration, poor wound healing (impaired fi broblast growth 
and collagen synthesis), proximal muscle weakness, osteoporosis, and growth retar-
dation in children (suppression of pituitary-adrenal axis). Less common side effects 
include pancreatitis, psychosis, posterior subcapsular cataract, and avascular necro-
sis of the femoral head. The classic “Cushingoid” features are secondary to soft 
tissue and dermatologic changes (fat redistribution, skin atrophy, striae, and acne). 
Acute adrenal insuffi ciency can develop, even up to 12 months after cessation of 
steroids, when the patient is stressed. Hence, corticosteroids used in transplantation 
carry considerable potential for morbidity [ 40 ,  42 ]. Protocols that minimize or avoid 
the use of glucocorticoids have been advocated in a variety of solid organ transplant 
trials, but given the higher rates of rejection seen, this practice often requires the use 
of other adjuvants or induction immunosuppression.   

1.3.1.3    Inhibition of Cytokine Synthesis 

   Cyclosporine (CsA) 
 CsA is a natural lipid-soluble cyclic 11-amino-acid peptide isolated from the fungus 
 Tolypocladium infl atum . It is insoluble in water and has a variable oral bioavailability 
of approximately 30 % [ 43 ]. Complex preparations are essential to ensure absorption 
in the oral formulation due to its insolubility. The original oral formulation 
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(Sandimmune TM ) was bile dependent, and its incomplete emulsifi cation yielded 
marked interindividual variations in bioavailability. The microemulsion formulation 
has more predictable pharmacokinetics, i.e., better absorbed, bile independent, and 
provides more consistent blood levels. The relative bioavailability is increased 
between 74 and 139 % [ 44 ], and the total area under the concentration- time curve 
(AUC) is increased by 30 % [ 45 ], when compared to the original conventional prepa-
ration. Once absorbed, it is extensively bound to red blood cells and plasma proteins, 
with only 5 % of the drug free in plasma. It is eliminated mainly via hepatic metabo-
lism, and the drug metabolism is via cytochrome P450 IIIA enzymes [ 46 ]. 

 CsA functions to prevent antigen-specifi c T-cell activation, and this immunosup-
pressive effect is well established [ 28 ,  47 ]. CsA acts by binding to cyclophilin, 
which is a cytoplasmic protein that belongs to the immunophilin family. The CsA- 
cyclophilin complex inhibits calcineurin (CN), which is a calcium-dependent serine 
phosphatase, preventing the activation of several CN-dependent transcription fac-
tors, including NFAT (nuclear factor of activated T cells). This results in the inhibi-
tion of the expression of T-cell cytokines such as IL-2, IL-3, IL-4, IFN-γ, TNF-α, 
and GM-CSF, exerting an effective immunosuppressive effect. On the other hand, 
the expression of TGFβ is promoted in the presence of CsA, which inhibits T-cell 
activation, but may promote renal fi brosis, a result of long-term CsA therapy [ 48 ]. 

 Nephrotoxicity is the most important nonimmune side effect of CsA and is medi-
ated by afferent arteriolar vasoconstriction, believed to be caused by CN inhibition 
[ 49 – 51 ]. Characteristic biopsy fi ndings in advanced chronic nephrotoxicity are 
“striped” interstitial fi brosis and arteriolar hyalinization. CsA levels are usually high 
in acute nephrotoxicity, but not necessarily so in chronic nephrotoxicity. CsA is 
diabetogenic, although simultaneous use of corticosteroids muddles the cause of 
diabetes. Other side effects include neurotoxicity, hypertension [ 51 ], hyperurice-
mia, hyperkalemia, hyperlipidemia, hypertrichosis, gingival hypertrophy, coarsen-
ing of facial features [ 52 ], and transient hepatotoxicity. Although CsA trough 
monitoring is not a good predictor of its immunosuppressive effect, it is a common 
practice to measure blood levels and make dose adjustments because of its narrow 
therapeutic window.  

   Tacrolimus (FK506) 
 Perhaps the most studied and most commonly utilized immunosuppressive drug is 
tacrolimus (FK). FK is a macrolide antibiotic isolated from the bacterium 
 Streptomyces tsukubaenis . FK is superior to CsA in terms of immunosuppressive 
effi cacy, as validated by several clinical trials [ 53 – 64 ], and the relative resistance of 
FK to p-glycoprotein countertransport, which decreases the intracellular drug lev-
els, may be contributing to its enhanced effi cacy. Patients treated with FK have less 
frequent and less severe rejection episodes compared to CsA-based immunosup-
pressive protocols. 

 FK binds to an immunophilin, FK-binding protein (FKBP), in the cell cytoplasm. 
FK-FKBP complex inhibits CN activity, similar to the mechanism of CsA. FK has 
additional immunosuppressive effects in vitro, independent of NFAT inhibition [ 28 , 
 47 ]. FK is much more potent than CsA on a mg-to-mg comparison. FK is also 
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variably absorbed, and thus therapeutic drug monitoring is essential – to achieve 
effi cacy while minimizing the risk of toxicity [ 66 – 68 ]. FK has a half-life of 12 h; 
hence, it is administered 12 h apart (two daily doses) – although rarely indicated, 
FK can also be given intravenously at 30 % of the oral dose. Goal levels vary by 
organ type, duration posttransplant, and other factors. Recently, a once daily formu-
lation has been investigated with promising results, particularly related to compli-
ance and quality of life measures [ 69 ]. 

 The degree of nephrotoxicity caused by FK appears to be equivalent to CsA 
[ 70 – 72 ]. FK is associated with neurotoxicity [ 72 ] and is also diabetogenic [ 62 ,  63 ] 
but is not associated with hypertension, gingival hypertrophy, hypertrichosis, or 
hypercholesterolemia. Gastrointestinal side effects such as diarrhea and anorexia 
are comparable to those seen with other macrolide antibiotics, like erythromycin.   

1.3.1.4    Depleting Antibodies 

   OKT3 
 OKT3 is a murine monoclonal antibody directed against 20,000 Da CD3 complex 
of molecules on the surface of thymocytes or mature human T cells [ 73 ]. As CD3 
associates with the T-cell receptor (TCR), essential for antigen recognition and 
function [ 74 – 76 ], the immunosuppressive effects of OKT3 are in part mediated by 
modulation or removal of CD3/TCR complex from the T-cell surface via shedding 
or endocytosis, thus rendering the T cells dysfunctional and immunologically 
incompetent [ 77 – 81 ]. 

 OKT3 was the fi rst monoclonal antibody to be used in mainstream clinical medi-
cine. In transplantation, OKT3 was shown to be very effective for the treatment of 
severe acute rejection and was also widely used for induction immunosuppression. 
Concerns of early lymphoproliferative disease in OKT3-treated patients limited its pro-
phylactic use, and as other antilymphocyte antibody preparations became available, 
OKT3 was subsequently phased out of production. Nevertheless, many of the lessons 
learned with the use of OKT3 apply to these newer agents and are worth discussing. 

 The most common side effect of OKT3 is the cytokine-release syndrome (CRS), 
which typically began 45–60 min after the initial dose and lasted up to several hours. 
It resulted in fever, chills, myalgia, weakness, and gastrointestinal (nausea, vomit-
ing, diarrhea) and pulmonary (bronchial spasms) symptoms. This symptom com-
plex was attributable to a variety of mediators, including cytokines, released from T 
cells activated by the binding of OKT3 to the CD3-TCR complex [ 84 ]. Premedication 
with steroids, antihistamine, and antipyretics, especially indomethacin, generally 
reduced the severity of the fi rst dose effect. Signifi cant suppression of the cell-medi-
ated immunity predisposes to opportunistic infections and malignancies. 
Neurological adverse effects include headache, convulsion, and aseptic meningitis. 
Lastly, the use of OKT3 was associated with a high incidence of the development of 
host antibodies to the murine immunoglobulin, both to the idiotype and structural 
epitopes [ 82 ,  83 ]; thus, it is generally advisable to measure the human anti-mouse 
antibody (HAMA) titers in patients prior to retreatment with a second course of any 
murine monoclonal antibody.  
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   Antithymocyte Globulin (ALG) 
 Antithymocyte globulin (ATG) is a member of a class of agents of polyclonal anti-
bodies directed against immunocytes. While ATG’s mechanism of action is incom-
pletely understood, ATG has been shown to cause T-cell depletion by inducing 
apoptosis as well as complement- and antibody-mediated pathways [ 84 ]. The cur-
rent FDA-approved ATG formulation (Thymoglobulin) is a polyclonal rabbit anti-
human thymocyte globulin (RATG) obtained by immunization of rabbits with 
human thymocytes. It was approved by the FDA in 1999 for the treatment of acute 
renal graft rejection in conjunction with concomitant immunosuppression. ATG 
contains cytotoxic antibodies directed against a variety of antigens expressed on 
human T lymphocytes. ATG includes antibodies against T-cell markers such as 
CD2, CD3, CD4, CD8, CD11a, CD18, CD25, CD44, CD45, HLA-DR, HLA Class 
I heavy chains, and ß2-microglobulin. 

 Currently ATG remains widely used in a variety of settings including induction 
regiment and patients with concern for renal insuffi ciency, (in order to minimize 
early exposure to calcineurin inhibitors), and in cases of acute rejection [ 85 ], ATG 
is associated with a variety of side effects in both the acute and delayed settings. In 
the acute setting ATG can be associated with a cytokine-release syndrome charac-
terized by fevers, chills, shortness of breath, tachycardia, hypotension, and, in the 
extreme setting, cardiovascular collapse. Additionally, cross-reactivity of the serum 
can result in pancytopenia and thrombosis [ 86 ].   

1.3.1.5    Anti-growth Factor-Induced Proliferation 

   Anti-IL-2 Receptor Alpha-Chain Antibody: Basiliximab 
 Basiliximab (Simulect, Novartis Pharma) is a chimeric monoclonal antibody devel-
oped to target the alpha chain of the IL-2 receptor (CD25). As mentioned earlier, 
IL-2 plays an important role in expansion of T cells as well as T-cell cytokine pro-
duction. Basiliximab has been used as induction therapy in solid organ transplant as 
well as in the treatment of episodes of acute rejection. One study comparing basilix-
imab to ATG induction therapy in renal transplant recipients at high risk of delayed 
graft function or acute cellular rejection observed no difference in overall or graft 
survival at 1 year, while there were signifi cantly fewer episodes of acute rejection 
[ 87 ]. These fi ndings were found to be similar on 5-year follow-up [ 88 ]. In liver trans-
plant recipients, basiliximab has been shown to be effi cacious as well as to decrease 
rates of rejection, to improve 2-year graft, and to improve overall survival compared 
to regiments without induction therapy [ 89 ]. In liver recipients, basiliximab is most 
often used in patients with renal dysfunction at time of transplant in order to delay 
CNI initiation [ 90 ]. In the pediatric transplant population, basiliximab remains the 
most often utilized induction agent. The drug is typically dosed at 20 mg dose for 
adults and pediatric patients over 35 kg and at 10 mg/dose for those <35 kg [ 91 ]. A 
mechanistically similar humanized monoclonal antibody against CD-25, daclizumab 
(Roche), has been used and studied with similar effects including decreased inci-
dence of acute rejection and as an induction agent to allow delayed CNI initiation for 
patients with some renal insuffi ciency. It has been removed for marketing reasons 
and is no longer available in the USA or Europe [ 92 ].   
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1.3.1.6    Mammalian Target of Rapamycin (mTOR) Inhibitors 

   Rapamycin (Sirolimus, RAPA) 
 Rapamycin is a macrolide antibiotic structurally related to tacrolimus. It binds to 
FKBP-12 but does not inhibit cytokine gene transcription in T cells. It blocks signals 
transduced from the IL-2 receptor and other growth factors to the nucleus by acting 
on phosphatidylinositol kinases, also known as “mammalian target of rapamycin” 
(mTOR). It also inactivates p70S6 kinase resulting in selective inhibition of the syn-
thesis of new ribosomal proteins and prolonging cell cycle progression from G1 to 
G2 [ 93 ]. Thus, the mechanism of action differs signifi cantly from either Tac or CsA 
in that RAPA inhibits both B- and T-cell responses to alloantigen [ 94 ]. 

 RAPA has a poor bioavailability after oral administration and the dosing fre-
quency is once daily. Therapeutic monitoring of sirolimus should be based on whole 
blood concentrations because of the high sequestration of sirolimus by erythrocytes 
[ 95 ]. The adverse effect profi le of sirolimus is unique compared to other immunosup-
pressants. Unlike cyclosporine and tacrolimus, nephrotoxicity and neurotoxicity are 
rarely seen with sirolimus. The side effects with rapamycin include GI disturbances, 
diabetes mellitus, myocardial necrosis, and testicular atrophy. Because RAPA acts to 
suppress growth factor-driven proliferation, dose-dependent myelosuppression can 
be seen following initiation of sirolimus therapy in particular at higher drug concen-
trations [ 96 ,  97 ]. In addition, fi broblast proliferation is suppressed, leading to a 
higher rate of wound complications, such as lymphocele formation, wound disrup-
tion, and hernia formation [ 98 ,  99 ]. Hyperlipidemia is commonly seen in patients 
receiving sirolimus, manifesting as hypercholesterolemia and hypertriglyceridemia. 
This effect has been reported in virtually all clinical trials.   

1.3.1.7    SDZ-Rapamycin (Everolimus, EVR) 
 Everolimus (EVR) is an analogue of rapamycin, acting in a similar fashion to siro-
limus (Fig.  1.1 ). It differs from sirolimus in several pharmacologic aspects 
(Table  1.1 ), which alters dosing frequency (usually twice-a-day dosing) and use of 
concomitant dosing with other immunosuppressive medications. 
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  Fig. 1.1    Structure of mTOR inhibitors, everolimus ( left ), and sirolimus ( right ). Everolimus dif-
fers from sirolimus due to the addition of a 2-hydroxyethyl group at C 40        
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   During the initial trials in de novo renal transplant patients, EVR was utilized 
with full-dose CsA but was quickly adjusted to utilize low-dose CsA due to 
increased nephrotoxicity. In the ZEUS trial, an open-label, randomized control 
study evaluating the use of EVR with CNI withdrawal for renal transplant recipi-
ents, patients received usual dosing of mycophenolate sodium, corticosteroids, 
and cyclosporine for the fi rst 4.5 months at which point the study patients were 
randomized to either continued cyclosporine-based therapy or conversion to EVR 
with withdrawal of CsA. The EVR group was shown to have a signifi cantly 
improved eGFR compared to the cyclosporine group (71.8 vs 61.9 mL/min per 
1.73 m 2 ). Twelve-month BPAR was similar between the groups; however, there 
was an increased rate of BPAR during the period of CNI withdrawal compared to 
continued CNI group. Graft loss and death were similar among the groups at 
12 months post-kidney transplant [ 100 ]. 

 A phase 3 multicenter, randomized, controlled study to evaluate the effi cacy and 
safety of concentration-controlled EVR to minimize and/or eliminate tacrolimus in 
de novo LTX recipients recently completed enrollment with 2-year follow-up. A 
total of 719 adult LTX recipients were initially treated with tacrolimus and steroids 
with/without MMF during a 30-day immediate post-LTX period. At that point, 
screened patients were then randomized into one of three treatment arms (everoli-
mus with tacrolimus elimination, low-dose everolimus with low-dose tacrolimus, or 
standard tacrolimus). The primary objective was modifi ed to a standard effi cacy 
failure (biopsy-proven acute rejection, graft loss, death) with a key secondary end-
point to demonstrate superior renal function in the everolimus treatment groups, 
compared to tacrolimus control at month 24. In this study, there was a signifi cantly 
increased incidence of rejection in the group of patients where tacrolimus was elim-
inated. The incidence occurred during the weaning of tacrolimus. Although patient 
survival and graft survival were not affected, there was an early increase in BPAR 
in groups that had tacrolimus elimination. At the end of 24 months, there was no 
difference in the primary endpoint of effi cacy failure; however, the incidence of 
biopsy-proven acute rejection was statistically lower in the low-dose everolimus/
tacrolimus group than the control group. Of great interest was the fi nding that the 
eGFR was signifi cantly higher in the low-dose everolimus/tacrolimus group 

   Table 1.1    mTOR inhibitors – key clinical differences   

 Sirolimus  Everolimus 

 Oral bioavailability  14 %  20 % 

 Time to T max   1–2 h  1–2 h 

 Half-life  62 h  28 h 

 Loading dose  6.0 mg  No 

 Time to steady state  5–7 days  4 days 

 Plasma protein binding  92 %  74 % 

 Dosing interval  Once daily  Twice daily 

 Target trough levels  4–12 ng/mL  3–8 ng/mL 

 Concomitant dosing with CsA  4 h post-CsA dose  Yes 
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compared to the control group [ 101 ]. This study has been extended to evaluate 36- 
and 48-month outcomes with no further increased incidence of rejection with con-
tinued improvement in eGFR of the low-dose everolimus/tacrolimus group in early 
reports [ 102 ].  

1.3.1.8    New Immunosuppressive Agents 
 Novel therapeutic strategies are currently being employed either clinically or are 
undergoing clinical testing in solid organ transplantation and may have promise as 
new or adjunctive immunosuppressive agents. They can be categorized into:

    1.    Inhibitors of signal 1: TCR blockade   
   2.    Inhibitors of signal 2: costimulatory blockade   
   3.    Inhibitors of signal 3: inhibition of growth factor-driven proliferation      

1.3.1.9    Signal 1 Inhibition 

   TOL101 
 TOL101 (T10B9, MEDI-500) is a murine IgM k chain mAb directed against the 
alpha and beta subunits of the TCR and appears to lead to internalization of the TCR 
rather than T-cell depletion. The predecessor antibodies for TOL101, T10B9, and 
MEDI-500 have been administered to approximately 135 patients across 13 studies 
from 1986 to 2000 – over 100 of these patients were recipients of solid organ trans-
plants. The largest of these studies was a 76-patient phase 2 trial investigating 
T10B9 vs. OKT3 (at that time, considered standard of care) for the treatment of 
acute renal transplant rejection. Graft survival and subject survival were high 
(>80 %) over 4 years and similar between the two treatment groups. The incidence 
and severity of adverse events (including fever, respiratory symptoms, gastrointes-
tinal complaints, and neurological symptoms) were substantially higher in the 
OKT3 group than in the T10B9 recipients [ 103 ]. TOL101 is currently in a phase 1/2 
study as part of an immunosuppressive regimen that includes tacrolimus, MMF, and 
steroids in patients undergoing primary kidney transplantation. Because of the large 
size of this molecule, the pharmacokinetic profi le of this agent may be more favor-
able (due to longer intravascular retention) in LTX patients, where pharmacokinet-
ics demonstrated higher clearance of IgG preparations.  

   Sotrastaurin 
 Sotrastaurin (AEB071) is a novel immunosuppressant that blocks early T-cell acti-
vation via inhibition of PKC, integrating in particular signaling pathways down-
stream of the T-cell receptor (TCR) and the CD28 co-receptor. Sotrastaurin has been 
shown to specifi cally inhibit early T-cell activation through signals 1 and 2 but not 
T-cell proliferation (signal 3) by selectively blocking the calcineurin-independent 
pathway signaling through NF-kB resulting in inhibition of cytokine gene transcrip-
tion. AEB071 is being developed for the prevention of acute rejection in solid organ 
allotransplantation in combination with or without a calcineurin inhibitor (CNI). In 
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contrast to CNIs, AEB071 potently and selectively blocks a calcineurin- independent 
pathway pointing toward a clear differentiation in mode of action and possibly the 
side effect profi le between AEB071 and CNIs. 

 Thus far, sotrastaurin has been used in two phase 2 de novo renal transplant tri-
als. In one study, recipients were randomized to sotrastaurin (200 mg b.i.d.) + 
standard- exposure tacrolimus (SET) or reduced-exposure tacrolimus (RET) (SET: 
 n  = 76; RET:  n  = 66) or control (SET + MPA, 720 mg b.i.d.;  n  = 74) [ 104 ]. In both 
sotrastaurin groups, patients were converted from tacrolimus to MPA after month 3, 
achieving CNI-free immunosuppression. The primary endpoint was composite effi -
cacy failure (treated biopsy-proven acute rejection, graft loss, death, or loss to fol-
low- up), while the key secondary endpoint was GFR. Composite effi cacy failure 
rates were 4.1, 5.4, and 1.5 % at month 3 (pre-conversion) and 7.8, 44.8, and 34.1 % 
at study end in the control, sotrastaurin + SET, and sotrastaurin + RET groups, 
respectively. In addition, the median GFR at month 6 was 57.0, 53.0, and 60.0 mL/
min/1.73 m 2 , respectively. Based on the primary endpoint, the Data Safety 
Monitoring Board (DSMB) recommended premature study discontinuation. 
Although the initial sotrastaurin + tacrolimus regimen was effi cacious and well tol-
erated and the postconversion sotrastaurin + MPA regimen showed inadequate effi -
cacy, longer-term evaluation of sotrastaurin + tacrolimus appears warranted. 

 In another study, de novo renal transplant recipients with immediate graft func-
tion were randomized 1:2 to tacrolimus (control,  n  = 44) or sotrastaurin (300 mg 
b.i.d.;  n  = 81) [ 5 ]. All patients received anti-IL2-RA, MPA, and steroids. The end-
points were similar to that noted in the previous trial. In this trial, the composite 
effi cacy failure at month 3 was higher for the sotrastaurin versus control regimen 
(25.7 % vs. 4.5 %,  p  = 0.001) with rejection rates higher in the sotrastaurin group 
compared to control, 23.6 % vs. 4.5 %, respectively ( p  = 0.003), which led to early 
study termination by the DSMB. Of great interest was the fi nding that the median 
estimated GFR was higher for sotrastaurin versus control at month 3: 59.0 vs. 
49.5 mL/min/1.73 m 2  ( p  = 0.006) [ 105 ]. Further follow-up studies have been recently 
completed showing reasonable effi cacy but decreased tolerability compared to cur-
rent standard regiments [ 106 ].   

1.3.1.10    Signal 2 Inhibition 

   Abatacept (CTLA4-Ig)/Belatacept (LEA29Y) 
 Abatacept is a chimeric fusion protein that consists of the extracellular domain of 
CTLA-4, and the Fc domain of IgG blocks the B7 (CD80, CD86)/CD28 pathway. 
This agent is approved for use in moderate to severe psoriasis. Belatacept is a 
molecular mutation of abatacept, differing from abatacept in two amino acid posi-
tions in the binding domain to B7, associated with a higher binding avidity and 
slower dissociation rate, with resultant inhibition of T-cell activation greater than 
that of abatacept. With both molecules, blockade of the B7/CD28 interaction leads 
to inhibition of T-cell proliferation. Belatacept was investigated in a phase 2 de novo 
kidney transplant trial with a CsA regimen as control. This trial consisted of belata-
cept injections every 2 weeks for 1 year. There was an improvement in the GFR in 
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the belatacept-treated group compared to the CsA group, but there was no  difference 
in biopsy-proven acute rejection [ 107 ]. In follow-up pivotal phase 3 trials, belata-
cept demonstrated 1-year subject and graft survival that was comparable to CsA, 
with improved renal function and less metabolic complications such as incidence of 
new-onset diabetes mellitus, blood pressure, and abnormal lipid profi le [ 108 ]. An 
increased risk of posttransplant lymphoproliferative disorder (PTLD), particularly 
among Epstein-Barr virus-negative recipients, was a notable adverse event. 
However, belatacept was associated with an increased frequency of early acute 
rejection compared with CsA. With longer-term follow-up, the impact of these 
rejections appeared to be limited. Extended follow-up over 3 years demonstrated 
evidence of ongoing effi cacy, which did not differ between the two belatacept dose 
regimens (LI and MI) evaluated, and in particular, GFR was better preserved in both 
belatacept groups, even in those that experienced an acute rejection, compared to 
CsA-treated recipients. In addition, the incidence of chronic allograft nephropathy 
was also signifi cantly lower in the belatacept-treated patients [ 109 ,  110 ]. Based on 
this data, belatacept was recently approved by the FDA for kidney transplantation. 
The additional long-term benefi ts that accrue to patients on belatacept relating to 
improvements in metabolic parameters have been fully assessed. 

 Belatacept was next investigated in a phase 2b multicenter prospective partially 
blind clinical trial in LTX [ 111 ]. Five treatment groups were utilized: Group 1, anti- 
IL2RA + belatacept more intensive (MI) + MMF; Group 2, belatacept (MI) + MMF; 
Group 3, belatacept less intensive (LI) + MMF; Group 4, tacrolimus + MMF; and 
Group 5, tacrolimus. The primary objective was to evaluate the effects of belatacept 
relative to TAC on the triple composite endpoint of the incidence of acute rejection 
(AR), death, and graft loss by 6 months after receiving a deceased donor transplant. 
An imbalance in deaths in the belatacept treatment arms relative to the tacrolimus + 
MMF arm was noted. The frequencies of death were noted as 12, 21, and 22 % in the 
anti-IL2RA + belatacept MI + MMF, belatacept MI + MMF, and belatacept LI + 
MMF arms, respectively, in comparison to 6 % in the TAC + MMF arm and 14 % in 
the TAC arm. Of note was the marked difference in GFR in the belatacept groups 
compared to the control groups. There were two reports (one fatal) of PTLD and one 
report of fatal progressive multifocal leukoencephalopathy (PML). In addition there 
was an increase in viral and fungal infections in the combined belatacept groups 
versus the tacrolimus groups, potentially due to the degree of immunosuppression. 

 Future trials with belatacept may possibly include a short period of CNI expo-
sure in the perioperative period, and these considerations are ongoing at this time.  

   Efalizumab 
 Efalizumab is a humanized IgG1 mAb directed against the leukocyte function- 
associated antigen-1 (LFA-1, CD11a). CD11a plays an important role in adhesion 
of leukocytes to endothelial cells and also serves as a costimulatory molecule. 
Approved for treatment of moderate to severe psoriasis, a pilot study was performed 
in 38 primary kidney transplant recipients [ 11 ]. Patients were randomized to receive 
efalizumab 0.5 or 2 mg/kg weekly subcutaneously for 12 weeks. Patients were 
maintained on full-dose CsA, MMF, and steroids ( n  = 10 0.5 mg/kg efalizumab, 
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 n  = 10 2.0 mg/kg efalizumab) or half-dose CsA, sirolimus, and prednisone ( n  = 9 
0.5 mg/kg efalizumab,  n  = 9 2.0 mg/kg efalizumab). At 6 months following trans-
plant, patient survival was 97 % and graft survival was 95 %. Clinical biopsy-proven 
acute rejection in the fi rst 6 months after transplantation was confi rmed in one of 
each of the immunosuppressive combination (e.g., 4/38, 11 %). Three patients 
(8 %) developed PTLD, all in the highest dose efalizumab with full-dose CsA [ 112 ]. 
Although this drug appeared promising, subsequent reports of the development of 
PML in patients treated for extended periods with efalizumab for psoriasis resulted 
in withdrawal of this agent from the market [ 113 ]. Nevertheless, interference of this 
pathway is seemingly a novel approach for future trials.  

   Alefacept 
 Alefacept is a lymphocyte function-associated molecule 3/immunoglobulin G 
(LFA3-IgG1) fusion receptor protein, which functions by interfering with the CD2 
receptor on T cells, causing apoptosis of effector memory T cells. By blocking 
LFA-3/CD2 interactions, alefacept can inhibit T-cell activation and proliferation. It 
has been approved for moderate to severe chronic plaque psoriasis and has no 
known nephrotoxicity. In addition, it has been used for the treatment of graft-versus- 
host disease in bone marrow transplantation [ 114 ]. In transplantation, a phase 2, 
multicenter, randomized, double-blind, placebo-controlled study in primary adult 
kidney transplant patients comparing alefacept, tacrolimus, and MMF to placebo, 
tacrolimus, and MMF was conducted. The primary endpoint was an incidence of 
biopsy-proven acute rejection at 6 months. No statistical differences between treat-
ment arms were observed for the primary endpoint, patient or graft survival, as well 
as renal function. Alefacept was associated with statistically signifi cant reduction in 
T memory lymphocyte subsets. Given that alefacept appears to react with a different 
population of T cells, i.e., effector memory T cells, rather than naïve T cells, it 
would seem that the results of this study are not surprising. There was an increased 
rate of malignancy in the alefacept group [ 115 ]. Alefacept may be better in models 
where memory T cells have a pathophysiologic role, e.g., sensitized or retransplant 
patients, GVHD after LTX. In fact, alefacept has been used successfully in such a 
case [ 116 ].   

1.3.1.11    Signal 3 Inhibition 

   Tasocitinib 
 Tasocitinib (CP-690,550, tofacitinib) is an orally active immunosuppressant cur-
rently being tested for a variety of immune-mediated disorders, including preven-
tion of transplant rejection. Tasocitinib specifi cally inhibits Janus-activated kinase 3 
(JAK3), which is a hematopoietic cell-restricted tyrosine kinase involved in cyto-
kine signal transduction associated with lymphocyte proliferation, specifi cally 
interfering with IL-2-mediated STAT5 activation in CD4+ T cells. A randomized 
pilot study compared two dosages of tasocitinib (15 mg BID and 30 mg BID,  n  = 20 
each) with tacrolimus ( n  = 21) in de novo kidney allograft recipients [ 117 ]. Patients 
received anti-IL-2RA, MMF, and corticosteroids. The 6-month biopsy-proven acute 
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rejection rates were 5, 20, and 4.8 % for low- and high-dose tasocitinib and tacroli-
mus groups, respectively. The infectious complications were most frequent in the 
high-dose tasocitinib/MMF group with BK virus infection developing in 20 % and 
cytomegalovirus infection in 20 % of patients. Other side effects of tasocitinib 
included hyperlipidemia, anemia, and neutropenia. A larger study of tasocitinib in 
primary kidney transplantation utilized 15 mg BID for either 3 or 6 months fol-
lowed by 10 mg BID thereafter and compared to a CsA control group – all groups 
were induced with anti-IL-2RA and given maintenance MPA and corticosteroids 
[ 118 ]. Of the 109 CsA patients, the ACR rate at 12 months was 18.8 % compared to 
longer high-dose tasocitinib ( n  = 106) at 17.4 % and shorter high-dose tasocitinib 
( n  = 107) at 15.4 %. The fi nding that tasocitinib preserves regulatory T-cell function 
may be particularly important in LTX, as this may help to explain the immunologi-
cally privilege of LTX related to lack of chronic rejection and possible tolerance.  

   Anti-CD40 Ligand or Anti-CD40 Antibody 
 The CD40 molecule is expressed on antigen-presenting cells and serves as a costim-
ulatory molecule through its interaction with CD154. Activation of CD40/CD154 
has been shown to promote T-cell activation, B-cell proliferation and class switch-
ing, macrophage function, and a variety of other immunological processes. Page 
et al. have demonstrated that CD40- or CD40L-specifi c mAb could prevent and 
even reverse acute allograft rejection leading to prolongation of MHC-mismatched 
renal allografts in primates without the need of chronic maintenance immunosup-
pression [ 119 ]. Early studies with humanized anti-CD154 mAb were hampered by 
unexpected thromboembolic complications [ 120 ]. Further studies suggested that 
this was a function of the effects on integrin-binding sites on CD154 which are 
believed to aid in arterial plaque stabilization [ 121 ]. More recently, fully human 
anti-CD40 monoclonal antibodies, 4D11/ASKP1240, have been tested in a primate 
model with marked suppression of T-cell responses and prolongation of kidney 
allograft survival [ 122 ]. ASKP 1240 has recently undergone phase 1 evaluation, and 
currently phase 2a study is underway to assess the utility of ASKP1240 in MMF 
and CNI avoidant regiments (Basilixumab induction+ASKP1240+steroids+MMF 
vs Basilixumab+steroids+MMF+tacrolimus vs Basilixumab+ASKP1240+steroids
+Tacrolimus) [ 123 ].   

1.3.1.12    Chimerism 

   Tolerance 
 “Immunological tolerance,” the state whereby the immune system fails to respond 
to a stimulus that would normally elicit an immunological response, is one of the 
“Holy Grails” of clinical transplantation. The ability to induce tolerance would 
obviate the need for maintenance immunosuppression and its long-term risks and 
associated complications as well as mitigate allograft rejection. The fi eld of trans-
plant tolerance was born in 1953 with the landmark report of Billingham, Brent, and 
Medawar where exposure during the fetal life of mice and chickens to homologous 
antigens leads to immunological tolerance. This was manifested by a lack of 
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response to skin grafting from the organism that was used in the inoculation process 
[ 124 ]. Subsequently, this neonatal tolerance has been demonstrated to be mediated 
through negative selection via mechanism(s) of thymic deletion of reactive T cells, 
also referred to as “central tolerance” [ 125 ]. However, similar approaches in adult 
recipients could not reproduce acceptance of donor tissues, unless the recipient had 
been cytoablated, in this early period, accomplished through lethal irradiation and 
reconstitution with donor bone marrow (radiation-induced chimerism) [ 126 ]. 
Chimerism refers to the development of an immune constitution that is comprised 
of cells of both donor and recipient lineages. In contrast to neonatally tolerant ani-
mals, the mechanism(s) of tolerance in these adult recipients involves not only 
clonal deletion but also active suppression [ 127 ]. 

 Over the next 50 years, attempts were made in various animal models to induce 
tolerance with varying degrees of success, including early attempts of whole body 
and total lymphoid irradiation, shown to be necessary for the induction of immu-
nological tolerance in bone marrow transplant patients. However, the development 
of potent immunosuppressive agents became the pathway to successful clinical 
solid organ transplantation. Because neither bone marrow nor any other kind of 
donor hematolymphopoietic cells were given adjunctively in solid organ transplan-
tation, the enigmatic mechanisms of organ engraftment were assumed to be inde-
pendent of leukocyte chimerism. However, there were clues that organ engraftment 
was a state of variable tolerance that in some cases became immunosuppression 
independent. Tolerance was inferred from a rapidly declining need for mainte-
nance immunosuppression following the successful treatment of rejection. In addi-
tion, Starzl and coworkers demonstrated that long surviving allografts could be 
weaned from immunosuppression in a signifi cant proportion of kidney and liver 
transplant recipients [ 128 ]. The fi nding that low-level multilineage donor leuko-
cyte chimerism (microchimerism) was found in all tolerant patients and in one or 
more locations that included the skin, lymph nodes, heart, lungs, spleen, intestine, 
kidneys, bone marrow, and thymus emphasizes the importance of antigen migra-
tion and tolerance, as advocated by Starzl and Zinkernagel [ 129 ]. At any given site, 
the donor leukocytes were present in larger numbers in liver recipients than in 
kidney recipients studied at comparable posttransplant times. With the persistence 
of donor cells for as long as 30 years, it was inferred that the passenger leukocyte 
population of organ grafts was critical in establishing clinically operational toler-
ance. The migration of donor antigens, either as living cells or by shed alloantigens 
from the allograft, initiates a recipient immune response via direct or indirect anti-
gen presentation pathways, respectively. Effector mechanisms include generation 
of cytotoxic T cells (CD8+) as well as downstream alloantibody as a result of 
CD4+ cytokines. As noted before, T-cell activation is essential for subsequent tol-
erance generation [ 130 ], and the use of potent immunosuppression is likely to 
delay or prevent the deletion of CD8+ effector T cells and the regulation of CD4+ 
helper T cells, likely mediated through apoptotic inducing clonal exhaustion as 
well as other peripheral tolerogenic pathways mediated through active suppressive 
regulation, such as T-regulatory cells (Treg) or myeloid-derived suppressor cells 
(MDSC). The liver allograft is naturally endowed with high levels of hepatic 
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stellate cells, Tregs, and MDSCs, which may facilitate the evolution to clinically 
operational tolerance [ 131 ]. 

 The mechanism(s) by which tolerance is induced and maintained in clinical 
transplant recipients has been an area of ongoing investigation. A European consor-
tium of liver transplant centers presented preliminary results of a prospective trial 
on 102 adult LTX recipients who were enrolled in a prospective immunosuppressive 
drug weaning study. A total of 41 recipients (40 %) were successfully weaned off 
immunosuppression a median to 11 years after LTX [ 132 ]. Similarly, in a pediatric 
recipient cohort receiving living donor liver allografts, a median of 7 years prior to 
enrollment in a prospective weaning protocol, 60 % of patients were successfully 
weaned [ 133 ], validating the earlier reports from the Kyoto University group of a 
40 % success rate of weaning pediatric recipients of partial livers from parental 
donors from a steroid-sparing tacrolimus-based regimen [ 20 ]. While a variety of 
biomarkers have been associated with the development of clinical operational toler-
ance following LTX, including increased expression of hepatic iron homeostatic 
genes [ 21 ]; increased circulating CD4+, CD25+, CD127-, and FoxP3+ T-cell sub-
sets [ 21 ]; and alterations in γδ1 T cells with an increased γδ1/γδ2 ratio [ 22 ], these 
preliminary results suggest that although the mechanism(s) associated with liver 
allograft tolerance are still being elucidated, obtaining success in clinically opera-
tional tolerance in liver transplantation is strictly related to the careful selection of 
the candidates for long-term weaning and follow-up [ 133 – 135 ]. 

 The following are preliminary results of current tolerance studies, primarily 
being conducted in kidney transplants because of the requirement for precondi-
tioning that is inherent with the requirement for donor-specifi c activation and 
deletion. Unfortunately, extrapolation of fi ndings in the living donor scenario to 
deceased donors may prove to be a considerable barrier. To this point all success-
ful attempts at tolerance have been accomplished by co-induction of hematopoi-
etic chimerism. Induction of persistent mixed chimerism has been diffi cult to 
achieve in humans. Despite this, several studies have suggested that persistence of 
chimerism may not be necessary for the development of allograft tolerance. 
Scandling et al. published their cohort of 16 patients who underwent kidney trans-
plantation with an induction protocol including ten doses of 80 cGy TBI each and 
fi ve doses of rabbit ATG to human recipients of combined HLA-matched G-CSF 
“mobilized” blood mononuclear cell and kidney transplants from HLA-matched 
sibling donors. The hematopoietic grafts in the latter protocol were selected 
CD34+ cells with 1 × 10 6  CD3+ T cells/kg added back to the hematopoietic cells. 
Four patients developed persistent mixed chimerism, and eight developed tran-
sient chimerism [ 136 ]. All those with persistent mixed chimerism, and several of 
those with transient chimerism, were weaned from their maintenance immuno-
suppression. With these proofs of concept studies, the next challenge has been to 
attempt tolerance in HLA-mismatched transplant pairs. Kawai et al. followed up 
their initial study of myeloma patients with ten patients who received HLA-
mismatched kidney transplants with an induction regiment consisting of thymic 
radiation, anti-CD2 mAb, and cyclophosphamide +/− rituximab followed by 
~9 months of calcineurin inhibitors. Seventy percent of the patients were weaned 
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from all maintenance immunosuppression up to 5 years posttransplant, even 
though donor hematopoietic chimerism was transient [ 137 ]. 

 Another approach to allograft tolerance has been the induction of full donor chi-
merism, whereby the recipients’ immune constitution is replaced by that of the 
donor. Studies in the bone marrow transplant literature where full donor chimerism 
was induced have been plagued by high rates of GVHD and engraftment syndrome. 
Recently, attempts have been made with some success, to induce full donor chime-
rism in renal allograft recipients. In one of the largest groups to date, Leventhal 
et al. reported on 15 patients who underwent HLA-mismatched kidney transplanta-
tion after an induction regiment of pretreatment with fl udarabine, 200-cGy TBI, and 
cyclophosphamide followed by infusion of tolerance-promoting CD8+, TCR- 
facilitating cell (FC)-based hematopoietic stem cell (HSC) graft infusion, and post-
transplant immunosuppression with tacrolimus and mycophenolate mofetil. 
Postoperative monitoring for donor chimerism was used to establish decision for 
immunosuppressive drug weaning. Ten of these 15 patients have achieved durable 
full or mixed hematopoietic chimerism without GVHD or engraftment syndrome. 
Eight of these ten achieved durable, high-level (>90 %) hematopoietic chimerism. 
Six of the eight have successfully completed immunosuppression withdrawn with-
out allograft rejection or graft loss (range of between 10 and 22 months off IS). The 
two remaining patients with high-level chimerism are currently undergoing immu-
nosuppression withdrawal. Two subjects achieved sustained, mixed chimerism, 
while three participants achieved transient chimerism [ 138 ]. The key to this experi-
ence relies on the coadministration of the proprietary “facilitating cell” fi rst identi-
fi ed by Ildstad and coworkers [ 139 ]. 

 Todo and coworkers recently reported on their prospective liver tolerance study – 
they utilized a protocol of T-regulatory cell (Treg) expansion ex vivo to determine 
whether Treg-based cell therapy affords COT in living donor LT (LDLT). The group 
from Hokkaido University treated ten consecutive LDLT adult patients with Tregs 
created from peripheral blood mononuclear cells collected from both donors and 
recipients by leukapheresis and expanded ex vivo with a 2-week culture of recipient 
PBMNs with irradiated donor PBMNs under the presence of anti-CD80/anti-CD86 
mAbs. These cells were infused into the recipient on postoperative day (POD) 13 
along with cyclophosphamide given on POD 5. Steroids and MMF were stopped 
within 1 month, while the patients were left on tacrolimus monotherapy. At 6 months 
after LDLT, when graft function and histology were normal, immunosuppression 
was gradually tapered by spaced doses until it was discontinued 12 months later. 
Thus far, of the ten recipients, seven are free from immunosuppression [ 140 ] (update 
provided by Todo S. personal communication, April 2014). Protocols for deceased 
donor liver transplantation are planned.  

   Graft-Versus-Host Disease (GVHD) 
 The potential downside of facilitating increasing levels of chimerism is the pros-
pect of developing GVHD, which is a rare but serious complication after liver 
transplantation. It occurs when immunocompetent donor lymphocytes trans-
ferred through the liver allograft become activated and are able to carry out an 
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immune response against recipient tissues. Acute GVHD is more commonly seen 
after hematopoietic stem cell transplantation and uncommonly after solid organ 
transplantation. The true incidence of GVHD after LT is not clear, but according 
to the more recent reports, it is estimated to be around 1–2 % [ 141 ]. GVHD usu-
ally presents with fever, skin rash, diarrhea, and pancytopenia 2–10 weeks after 
liver transplantation. The diagnosis is confi rmed by demonstration of substantial 
number of donor chimerism in the patient’s peripheral blood. Studies have shown 
that these donor chimeric cells are usually CD8+ T cells [ 142 ]; however, multi-
lineage donor hematopoietic chimerism has also been described [ 143 – 145 ]. 
Despite a variety of protocols for treatment of GVHD after LT, with different 
strategies to decrease or increase immunosuppression [ 141 ,  142 ,  145 – 147 ], 
response rate remains poor with 85 % mortality rate in affected patients. Mortality 
is usually as a result of multiorgan failure and especially bone marrow failure and 
infection. To date, only two forms of therapy have been successful, reprogram-
ming the recipient’s immune system with infusion of pre-transplant recipient 
bone marrow [ 148 ] and the promising use of alefacept, a fusion protein compris-
ing the extracellular CD2-binding portion of the human leukocyte function anti-
gen-3 (LFA-3) linked to the Fc portion of human-IgG1, and selectively targets 
memory T cells [ 149 ].     

1.4     Conclusions 

 The fi eld of transplant immunology and its applications in clinical transplant has 
undergone remarkable changes in the last 50 years. With the development and 
refi nement in our understanding of the process underlying clinical transplantation, 
the ability to prolong graft survival has vastly improved. Despite these advances, 
long-term graft failure remains a signifi cant problem. Additionally, many of our 
current immunosuppressants continue to have signifi cant side effect profi les. 
Optimizing effi cacy and decreasing toxicity of regiments continue to drive the 
efforts toward more effi cacious and less toxic regiments. Coupled with new advances 
in immunological understanding, the fi eld of transplantation continues its quest 
toward immunosuppressant optimization and even elimination, to improve the lives 
of the increasing number of transplant recipients.     
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  2      Infection Complications After 
Abdominal Organ Transplantation 

             Maddalena     Giannella      ,     Michele     Bartoletti      , 
and     Pierluigi     Viale     

2.1             Introduction 

 Infection is a leading cause of morbidity and mortality after solid organ transplanta-
tion (SOT) [ 1 ]. Patients undergoing abdominal organ transplantation (AOT) share 
most risk factors for infection with the other types of transplant recipients (see 
Table   2.1  ). However, there are some unique risk factors related to underlying dis-
ease, surgical complexity, and immunosuppression used in the AOT.

   Urinary tract infection is the most common infectious complication after renal 
transplantation [ 2 ]. After the procedure, urine fl ow alterations may develop because 
of ureteral stenosis or vesicoureteral refl ux. In addition, some renal transplant 
patients have underlying urological abnormalities (e.g., neurogenic bladder or 
chronic vesicoureteral refl ux) that increase the risk of posttransplant urinary tract 
infection. Renal transplantation from cardiac death donors develop delayed graft 
function more frequently than other types of renal transplantation, which in turn 
increases the need for dialysis and the incidence of infection [ 2 ]. 

 Living donor and cardiac death donor liver transplantations have an increased 
risk of biliary complications and ischemic cholangiopathy which increases the risk 
of bile infections [ 3 ,  4 ]. Bile reconstructions other than duct to duct carry a higher 
risk of bile infections and peritonitis [ 5 ]. 

 Regarding pancreas transplantation, bladder drainage is associated with a higher 
risk of infection than intestinal drainage [ 6 ]. As pancreas transplantation involves 
intestinal manipulation, the risk of peritonitis and abdominal collections is high. 
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 Small bowel transplantation (intestinal transplantation) is the treatment of choice 
in patients with intestinal failure and complications of parenteral nutrition. Many of 
the patients who undergo intestinal transplantation will have a heavily scarred 
abdominal wall from multiple abdominal procedures and previous bowel resections, 
which may cause technical diffi culties during surgery and complications later on. 
Very often, small bowel and liver transplantation are combined when irreversible 
liver damage develops due to long-term parenteral nutrition. The small bowel is rich 
in lymphoid tissue, which increases the risk of allograft rejection. Patients undergo-
ing small bowel transplantation have a higher incidence of infectious complications 
than other SOT recipients because of a very high load of microorganisms in the 
intestinal graft and because they require higher degrees of immunosuppression [ 7 , 
 8 ]. Intra-abdominal abscesses also occur often as a consequence of bacterial trans-
location or peritoneal contamination during surgery [ 9 ].  

2.2     Infection Risk and Classifications 

 Generally speaking, the risk of infection is determined by the intensity of the exposure to 
infectious agents (epidemiological exposures) and the net state of immunosuppression. 

  Table 2.1    Risk assessment 
in transplantation  

 Greater infectious risk 

   Critical illness entering transplantation 

   Prior colonization with antimicrobial-resistant pathogens 

   Induction therapy – lymphocyte depletion 

   High-dose corticosteroids 

   Plasmapheresis (not well studied) 

   High rejection risk (HLA mismatch desensitization) 

   Early graft rejection 

   Graft dysfunction 

   Technical complications 

   Anastomotic leak 

   Bleeding 

   Wound infection/poor wound healing 

   Prolonged intubation/intensive unit care 

   Surgical, vascular, or urinary catheters 

 Lower infectious risk 

   Immunologic tolerance 

   Good HLA match 

   Technically successful surgery 

   Good graft function 

   Appropriate surgical prophylaxis 

   Effective antiviral prophylaxis 

   PCP prophylaxis 

   Appropriate vaccination 
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 Epidemiological exposures can be divided into four overlapping categories: (1) 
donor-derived, (2) recipient-derived, (3) community, and (4) nosocomial 
exposures. 

2.2.1     Donor-Derived Infections 

 This group comprises infections transmitted with donor organs generally in the 
form of latent infections (usually viruses such as cytomegalovirus – CMV), unrec-
ognized colonization/infection of biliary or urinary tract, unknown bacteremia, or 
surgical contamination at procurement or preservation. Infected organ donors have 
been found to transmit bacteria and fungi carrying resistance to routine surgical 
antimicrobial prophylaxis [ 10 ,  11 ]. In addition, unexpected clusters of donor- 
derived infections in transplant recipients have been recognized including those due 
to West Nile virus, lymphocytic choriomeningitis virus (LCMV), rabies, HIV, hepa-
titis B and hepatitis C viruses, herpes simplex virus, tuberculosis, endemic fungi, 
and Chagas’ disease [ 12 ,  13 ].  

2.2.2     Recipient-Derived Infections 

 SOT recipients infected with latent or unrecognized pathogens before transplanta-
tion experience reactivation of such agents after surgery, generally during the 
period of maximum immunosuppression (1–6 months, see below). Common 
recipient- derived pathogens include viral infections ( Herpesviridae , hepatitis B or 
C),  M. tuberculosis , and in determined geographical areas endemic fungi 
( Histoplasma capsulatum ,  Coccidioides immitis ,  Paracoccidioides brasiliensis ) 
and some parasites ( Strongyloides stercoralis ,  Trypanosoma cruzi ). Traveling for 
tourism or other reasons, including medical purposes, has increased worldwide in 
the last few years, becoming a serious challenge for physicians who attend SOT 
recipients because unusual epidemiological exposures may result in atypical infec-
tion syndromes [ 14 ].  

2.2.3     Community-Acquired Infections 

 Patients with favorable posttransplant clinical course and good graft function 
may present in the late period after transplantation (see below) with the common 
community- acquired infections as non-SOT recipients. The most common infec-
tions are respiratory (generally in the winter period triggered by a respiratory 
virus) [ 15 ] and urinary tract infections (most common in women and kidney 
transplant recipients). Atypical and severe manifestations are frequent in this set-
ting. Furthermore, uncommon exposures related to employment, hobbies, travel, 
pets, or marijuana use ( Aspergillus  species) may determine unusual infection 
syndromes [ 16 ].  
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2.2.4     Hospital-Acquired Infections 

 These infections arise from surgical or perioperative complications. Thus the 
involved pathogens are typically those of nosocomial infections. Indeed, the major 
threat of such infections is represented by antimicrobial resistance.  

2.2.5     Net State of Immunosuppression 

 The concept of the “net state of immunosuppression” comprises all factors that may 
contribute to risk for infection [ 16 ]. Preexisting disease processes have an important 
role. Renal failure and dialysis are associated with poor responses to bacterial infec-
tions and colonization with hospital-acquired fl ora. Cirrhosis and portal hyperten-
sion reduce acute infl ammatory responses (specifi c antibody formation, chemotaxis) 
and predispose to bacterial and fungal infections [ 17 ]. Breaches in mucocutaneous 
integrity (e.g., vascular and urinary catheters) and fl uid collections (hematoma, 
ascites, effusions) favor microbial seeding. These infectious hazards must be added 
to the effects of immunosuppressive therapy. Multiple mechanisms of tolerance 
(e.g., central vs. peripheral deletion or anergy) have been demonstrated in patients 
with induced or spontaneous immunologic graft tolerance. Some gaps in function 
(e.g., NK cells, antiviral immunity) persist for months to years [ 16 ].  

2.2.6     Timing of Infection 

 The natural epidemiology of infections following SOT has been well characterized 
[ 18 ]. Most infectious complications occur during the fi rst year after transplantation, 
which is traditionally divided into:

    1.    The fi rst month posttransplantation (early): these infections are almost always hos-
pital acquired, nosocomial bacteria and  Candida  spp. being the most common caus-
ative agents. However, unexplained early infectious syndromes (hepatitis, 
pneumonitis, encephalitis, rashes, leukopenia) may refl ect donor-derived infection.   

   2.    One to six months posttransplantation (intermediate): viral pathogens and graft 
rejections are responsible for the majority of febrile episodes in this period. 
However, depending on the antiviral prophylaxis strategy, CMV and other her-
pesvirus infections may emerge subsequently. Recipient-derived latent infec-
tions (e.g., tuberculosis, endemic fungi,  T. cruzi ) may reactivate in this period, as 
well as new exposures to opportunistic agents (e.g.,  Nocardia  spp.,  Rhodococcus 
equi , tuberculosis, mold fungi,  Cryptococcus neoformans ,  Strongyloides ) may 
result in severe infections. In patients taking TMP–SMZ prophylaxis, some 
opportunistic infections such as  Pneumocystis  pneumonia (PCP),  Listeria mono-
cytogenes ,  T. gondii , and susceptible  Nocardia  species are prevented; however, 
they can emerge after prophylaxis discontinuation [ 19 ].   

   3.    More than 6 months posttransplantation (late): beyond the sixth month after 
AOT, the level of immunosuppression in the majority of patients has been 
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reduced to minimal levels. As a result, patients are no longer at high risk for 
opportunistic infections. In a minority of patients, such as those with a “never-
do- well” graft, the opportunistic infections that characteristically occur during 
months 1–6 may still occur. Late-onset CMV disease may also manifest during 
this period, especially in CMV D+/R- AOT recipients who had received a pro-
longed course (6 months) of antiviral prophylaxis [ 20 ].    

  The timeline is used to establish a differential diagnosis for infectious syndromes 
at various stages after transplantation. Infections occurring outside the usual period 
or of unusual severity suggest excessive immunosuppression or epidemiological 
hazard. The timeline is “reset” to the period of greatest risk for opportunistic infec-
tion with the treatment of graft rejection or intensifi cation of immune suppression 
(e.g., bolus corticosteroids or T-cell depletion) [ 16 ]. Changes in immunosuppressive 
regimens, routine prophylaxis, and improved graft survival may also alter the time-
line somewhat.   

2.3     Major Etiologies and Their Management 

 The main infectious pathogens in AOT and their management are summarized in 
this paragraph. 

2.3.1     Virus 

2.3.1.1     CMV 
 CMV is a ubiquitous beta-herpesvirus that infects the majority of humans. The sero-
prevalence rates of CMV range from 30 to 97 % [ 21 ,  22 ]. In immunocompetent 
individuals, CMV infection manifests as an asymptomatic or self-limited febrile 
illness, after which CMV establishes lifelong latency in a small percentage of 
myeloid and dendritic cell progenitors, which serve as reservoirs for reactivation 
and as carriers of infection to susceptible individuals. 

 CMV is a major cause of morbidity and a preventable cause of mortality in solid 
organ transplant (SOT) recipients [ 23 ]. Without a prevention strategy, CMV disease 
typically occurs during the fi rst 3 months after SOT; this onset has been delayed in 
SOT patients receiving CMV prophylaxis [ 24 ,  25 ]. 

 In the SOT recipients, CMV may be responsible for primo-infection, reactiva-
tion, and/or disease.

    1.    CMV infection: infection usually occurs in a seronegative recipient who receives 
a graft from a seropositive donor (mismatch D+/R-). Seronegative recipients 
may also acquire CMV infection by blood transfusions. After a CMV primo- 
infection, the progression to severe disease is frequent in SOT recipients.   

   2.    CMV reactivation: reactivation of CMV in seropositive recipients may occur 
during the intermediate period. Depending on the immunological host response, 
reactivation may progress to disease or clear spontaneously.   
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   3.    CMV disease: CMV infection or reactivation accompanied by clinical signs and 
symptoms. CMV disease is categorized into (1) CMV syndrome, which mani-
fests as fever and/or malaise, leukopenia, or thrombocytopenia, and (2) tissue- 
invasive CMV disease (e.g., gastrointestinal disease, hepatitis, nephritis, 
pancreatitis). CMV has a predilection to invade the allograft, likely in part due to 
an aberrant immune response within the allograft.     

 CMV also has numerous indirect effects due to its ability to modulate the 
immune system. CMV has been associated with other infections such as bactere-
mia, invasive fungal disease, and Epstein–Barr virus-associated posttransplant 
lymphoproliferative disease [ 26 ]. CMV infection is an important contributor to 
acute and chronic allograft injury, including chronic allograft nephropathy or 
tubulointerstitial fi brosis in kidney recipients and chronic biliary stenosis in liver 
recipients [ 27 ]. 

 CMV replication may be detected [ 23 ] by nucleic acid testing, antigen testing, and/
or culture. Depending on the method used, CMV infection can be termed as CMV 
DNAemia or RNAemia, CMV antigenemia, and CMV viremia. Given their greater sen-
sitivity, rapidity of response, and ease of execution than the other tests, molecular meth-
ods are currently the most used techniques for detection of CMV replication. However, 
there is still heterogeneity in the types of molecular methods used, which are generally 
homemade polymerase chain reaction tests detecting CMV DNA or RNA, the type of 
analyzed specimen (plasma or whole blood), and the way to report the quantitative 
amount of viral replication (UI/ml or copies/ml). The lack of an international reference 
standard and variation in assay design [ 23 ] have prevented the establishment of broadly 
applicable cutoffs for clinical decision- making, particularly for preemptive strategies. 

 As stated above, a major risk factor for CMV disease after SOT is primo- 
infection. In CMV D+/R- patients, given the absence or weakness of specifi c T-cell 
immunological response, viral replication is intense, producing the abovementioned 
direct and indirect effects. 

 Prevention of CMV disease is based on two types of strategies: universal prophy-
laxis (administration of antiviral therapy to all patients at risk) and preemptive therapy 
(weekly screening for CMV replication and initiation of an antiviral treatment in case 
of a preestablished level of CMV DNAemia) [ 28 ]. A recent comprehensive meta-anal-
ysis failed to show the presumptive superiority of universal prophylaxis, in terms of 
protection by direct and indirect CMV effects, over preemptive strategy [ 29 ]. However, 
current guidelines recommend universal prophylaxis in CMV D+/R- and R+ recipi-
ents, during 3–6 months in liver and kidney recipients, and for a minimum of 6 months 
in patients undergoing intestinal transplantation [ 23 ]. Oral valganciclovir at the dosage 
of 900 mg/day is currently the most used agent for this scope given its effi cacy, feasibil-
ity, and lower rate of adverse events compared with ganciclovir. There are limited data 
to support the use of CMV immunoglobulin (CMV Ig) for prophylaxis when appropri-
ate antivirals are given. Some centers use these products in conjunction with antiviral 
prophylaxis, primarily for high-risk thoracic and intestinal transplant recipients. 

 The main disadvantages of universal prophylaxis are (i) the occurrence of late 
CMV infection which seems to be associated with a higher rate of severe disease 
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and (ii) high exposure to antiviral agents with a substantial risk of resistance selec-
tion [ 23 ]. Evidence exists in support of a hybrid approach, initial universal prophy-
laxis followed by preemptive therapy [ 29 ]. The major disadvantage of preemptive 
therapy is the need for weekly testing for CMV DNAemia. However, recent studies 
suggest that the determination of CMV viremia may be done less frequently if the 
patient has recovered the CMV-specifi c T-cell response [ 30 ,  31 ]. Recent guidelines 
also suggest the use of some of the currently available techniques to determine the 
CMV-specifi c T-cell response in order to tailor the CMV preventive strategy to the 
specifi c patient risk [ 23 ]. 

 Therapy for CMV disease in this population does not differ from other SOT 
patients. Intravenous ganciclovir (5 mg/Kg every 12 h) is preferred as initial treat-
ment, mainly in severe disease, followed by oral valganciclovir (900 mg every 
12 h). Some experts prefer to prolong therapy with valganciclovir at prophylaxis 
dosage for another 2 weeks after symptom resolution and clearance of viremia.  

2.3.1.2     EBV 
 The incidence of posttransplantation lymphoproliferative disease (PTLD) related to 
Epstein–Barr virus (EBV) is highest in intestinal recipients in which it is up to 
32 %, varying between 3–12 % in liver transplant recipients and 1–2 % in kidney 
recipients [ 32 ]. Recently, Caillard also described a temporal sequence of sites of 
PTLD involvement in adult renal allograft recipients, with disease localized to the 
graft occurring within the fi rst 2 years, CNS disease occurring between years 2 and 
7, and gastrointestinal disease occurring between years 6 and 10 and becoming the 
predominant site of late disease [ 33 ]. Although PTLD in SOT recipients is most 
often of recipient origin [ 34 ], PTLD limited to the graft and occurring early after 
transplant is predominantly donor in origin [ 35 ]. 

 More than half of patients are symptomatic, presenting with a mononucleosis- 
like picture with lymph node swelling, isolated PTLD lesions in the gastrointesti-
nal tract, disseminated disease, or lymphoma. Risk factors for PTLD are primary 
infection and therapy with OKT3 or antithymocyte globulins. When PTLD is sus-
pected, CT of the neck, chest, abdomen, and pelvis should be considered to iden-
tify occult lesions. Biopsies should be obtained from suspicious lesions. Patients 
with active EBV disease typically have an elevated EBV viral load, which may be 
detected before clinical onset and may remain persistently high even after resolu-
tion of PTLD. 

 The high rates of morbidity and mortality attributed to PTLD have prompted 
efforts aimed at the prevention of EBV [ 32 ]. Serial monitoring of the EBV viral load 
using quantitative PCR assays has been shown to predict occurrence of PTLD in 
transplant populations and is increasingly being used to guide initiation of preemp-
tive therapy. However, specifi c target levels of load and specifi c sites to sample 
(blood versus tissues), as well as therapeutic preemptive treatment regimens, need 
to be clarifi ed. The management of patients with PTLD is controversial. Reduction 
of immune suppression is uniformly recommended in order to enhance a cytotoxic 
T lymphocyte response. Concerns over the development of rejection can limit this 
approach. While frequently used, antiviral therapies (primarily nucleoside 
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analogues – e.g., ganciclovir – and immunoglobulins) are probably of limited ben-
efi t for the treatment of EBV PTLD. The use of anti-CD20 monoclonal antibody 
(rituximab) may be necessary for patients who fail to respond to reduction of immu-
nosuppression or in whom the PTLD lesions are judged to be malignant [ 32 ].  

2.3.1.3     Other  Herpesviridae  
 Among  Herpesviridae , herpes simplex virus (HSV) and varicella-zoster virus 
(VZV) may reactivate or cause primary infection with a more aggressive course 
including hemorrhagic and visceral lesions than in non-SOT recipients. Some 
experts recommend acyclovir prophylaxis for seronegative patients or those who 
experienced several reactivations before transplantation [ 36 ]. 

 VZV infection should be prevented in seronegative patients who have contact 
with individuals with varicella or herpes zoster by the administration of hyperim-
mune globulin. VZV vaccine should be given to seronegative patients before 
transplantation. 

 HHV-8 is associated with Kaposi’s sarcoma (KS), Castleman’s disease, primary 
effusion lymphoma, and a nonmalignant but highly fatal disease characterized by 
fever, hemophagocytosis, myelosuppression, and multiorgan failure. In one study, 
the incidence of Kaposi’s sarcoma (KS) was 0.28 % after kidney transplantation. 
KS was diagnosed a median of 24 months after SOT, and mortality was 28.5 %. 
Primary infection with human HHV-8 was found to be an important risk factor.  

2.3.1.4     BKV 
 The human BK polyomavirus (BKV) is linked to two major complications in trans-
plant recipients, polyomavirus-associated nephropathy (PyVAN) in 1–10 % of kid-
ney transplant patients and polyomavirus-associated hemorrhagic cystitis (PyVHC) 
in 5–15 % of allogeneic hematopoietic stem cell transplant (HSCT) patients. Both 
diseases occur only sporadically in patients with non-kidney SOT or with inherited, 
acquired, or drug-induced immunodefi ciency. 

 Primary infection with BKV occurs in the fi rst decade of life as evidenced by 
increases in BKV seroprevalence to 90 % and more. Natural BKV transmission is 
not understood, but likely occurs via the respiratory or oral route. Subsequently, 
BKV colonizes the reno-urinary tract as the principle site of latent infection, most 
likely via a primary viremia. In healthy BKV seropositive immunocompetent indi-
viduals, reactivation and asymptomatic urinary shedding of BKV is detectable in up 
to 10 %. In individuals with impaired immune functions, particularly after SOT or 
HSCT, asymptomatic high-level urinary BKV replication is observed with high- 
level BKV viruria and appearance of “decoy cells” in urine cytology. High-level 
BKV viruria only rarely leads to viremia and PyVAN in non-kidney SOT. In kidney 
transplant recipients, however, approximately one-third of patients with high-level 
viruria/decoy cells develop BKV viremia and, in the absence of any intervention, 
progress to histologically proven PyVAN. This progressively affects graft function 
and increases the risk of graft loss from <10 % to more than 90 %. 

 Because effective and safe antiviral therapies are lacking, screening for BKV 
replication has become the key recommendation to initiate and guide a stepwise 
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reduction of immunosuppression. This intervention allows for expanding BKV- 
specifi c cellular immune responses, curtailing of BKV replication in the graft, and 
clearance of BKV viremia. 

 In KT recipients, current guidelines [ 37 ] recommend screening for BKV replica-
tion at least every 3 months during the fi rst 2 years posttransplant and then annually 
until the fi fth year posttransplant. Screening for BKV replication can be done either 
by testing urine for high-level BKV viruria/decoy cells or by testing plasma for 
BKV viremia. Monthly plasma screening is preferred in many centers as it detects 
clinically more signifi cant replication and provides a widely accepted trigger for 
therapeutic intervention. Detecting BKV viremia can guide more specifi c histopa-
thology studies. The defi nitive diagnosis of PyVAN should be sought by demon-
strating PyV cytopathic changes in allograft tissue and confi rmed by 
immunohistochemistry or in situ hybridization (“proven PyVAN”). 

 Reducing immunosuppression should be considered for KT patients with sus-
tained plasma BKV loads and is mandatory in KT patients with proven PyVAN. In 
patients with sustained high-level plasma BKV load despite adequately reduced 
immunosuppression, the adjunctive use of antiviral agents may be considered. The 
proposed options include cidofovir, lefl unomide, fl uoroquinolones, and IV 
IgG. However, there are no robust data regarding the benefi t of these agents. 
Retransplantation can be considered for patients after loss of a fi rst kidney allograft 
due to PyVAN, but frequent screening for BKV replication is recommended.   

2.3.2     Bacteria 

 Bacterial infections, especially those involving Gram-negative bacteria, represent a 
major complication in AOT, the frequency ranging between 20 and 80 % of recipi-
ents, and they contribute to longer hospital stays and increased hospital costs [ 38 ]. 
Three-fourths of bacterial infection episodes occur in the fi rst month after transplan-
tation. In LT recipients, intra-abdominal (including the biliary tree) and surgical site 
infections are the most common types of infections, followed by lower respiratory 
tract infections, catheter-related bloodstream infections, and urinary tract infections 
[ 39 ]. After KT, surgical site infections and urinary tract infections are the leading 
bacterial infections [ 40 ]. 

 Perioperative antibiotic prophylaxis has been shown to be effective in reducing 
the rate of surgical site infections after SOT [ 41 ]. Any transplant program should 
establish drug, timing, and duration of perioperative prophylaxis on the basis of 
local epidemiology and type of surgery (duration, complications, etc.). In the case 
of infection with an MDR pathogen in the donor, the antibiotics used in prophylaxis 
should be active against the isolated pathogen, and therapy may be prolonged 
7–14 days after transplantation depending on the type of infection [ 13 ,  42 ]. The use 
of wide-spectrum antibiotic prophylaxis also for recipients colonized with an MDR 
pathogen should be carefully considered for potential toxicity and emergence of 
further resistance [ 43 ]. In LT recipients, some experts have proposed the use of 
selective intestinal decontamination (SID) with antibiotics, but its effi cacy and 
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safety in the prevention of bacterial infections are still a matter of debate. A recent 
study from Spain did not confi rm that fl uoroquinolones administered from the time 
of transplantation have any protective effect against development of early bacterial 
infections after LT [ 44 ]. On the other hand, most pathogens recovered from infected 
LT recipients undergoing SID were resistant to quinolones [ 44 ]. 

2.3.2.1     MDR Pathogens 
 Given the frequent exposure to antibiotics for treatment and prevention purposes, 
the high rate of invasive procedures, the use of indwelling devices, and the pro-
longed hospitalization, patients undergoing AOT are at very high risk for acquiring 
infection due to MDR bacteria. Studies performed a decade ago reported Gram- 
positive bacteria as a leading cause of bacterial diseases in SOT recipients with a 
high rate of methicillin-resistant  Staphylococcus aureus  (MRSA) [ 38 ]. However, 
Gram-negative bacteria have recently overcome Gram-positive bacteria with 
 Enterobacteriaceae  being the leading pathogens, mainly in the AOT setting. Along 
with the reemergence of Gram-negative bacteria in this setting, carbapenem- 
resistant  Enterobacteriaceae  (CRE) has spread worldwide over the last decade, 
becoming a serious healthcare problem [ 45 ]. 

 Among CRE, the most common pathogen is carbapenem-resistant  Klebsiella 
pneumoniae  (CR-KP). SOT has been shown to be an independent risk factor for 
CR-KP infection [ 46 ]. The emergence of CR-KP has been best evaluated in LT 
recipients for whom the incidence of CR-KP infection after transplant, in endemic 
areas, is approximately 5 %. Infection mainly occurs early after LT, although some 
authors have also reported a late occurrence with 50 % of episodes observed after 
the fi rst month from transplant [ 47 ]. The abdomen is frequently the portal of entry 
of CR-KP infections in this setting with a high rate of bloodstream involvement 
(>80 %) [ 45 ]. The overall mortality of LT recipients infected with CR-KP varies 
between 25 and 78 % [ 47 ,  48 ]. 

 Given the worse outcome and the limited therapeutic options, prevention of 
CR-KP in the AOT setting is of paramount importance. To prevent the spread of 
CR-KP in healthcare facilities, a number of recommendations have been made, 
including optimizing compliance with hand hygiene and contact precautions, edu-
cating healthcare personnel, minimizing the use of indwelling devices, implement-
ing antimicrobial stewardship programs, and active screening for CR-KP 
colonization [ 49 ]. However, currently there is no agreement for the universal screen-
ing of asymptomatic LT candidates and recipients, as there are no data regarding the 
benefi t of this screening [ 50 ]. Furthermore, there is no agreement for the manage-
ment of colonized patients, as there are no data about the effi cacy of the proposed 
approaches such as deferring LT, selective intestinal decontamination, antibiotic 
prophylaxis active against CR-KP, and/or empirical anti-CR-KP therapy. On the 
other hand there is concern for toxicity and emergence of further antibiotic resis-
tance as a consequence of an overuse of antibiotics active against CR-KP [ 51 ]. 

 At our center we have recently prospectively analyzed the impact of colonization 
before and after LT and other variables on CR-KP infection development in all 
patients undergoing LT from June 2010 to December 2013. Of the 237 patients who 
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underwent LT, 196 were non-CR-KP carriers, 11 were CR-KP carriers at LT, and 30 
patients acquired colonization within a median of 14 days after LT. The CRE infec-
tion rates in these three groups were 2, 18.2, and 46.7 % ( p  < 0.001), respectively. 
Four variables were independently associated with infection: need for renal replace-
ment therapy, prolonged mechanical ventilation >48 h, histological evidence of 
hepatitis C recurrence, and CR-KP colonization [ 52 ]. In our study, CR-KP coloniza-
tion acquired after LT predisposed to a higher risk for CR-KP infection than coloni-
zation at LT, and thus we believe that in endemic areas active screening for CR-KP 
colonization should be performed not only before but also after LT. Empirical ther-
apy active against CR-KP may be indicated only for symptomatic colonized patients 
with a complicated post-LT clinical course. 

 In a recent single-center retrospective case-control study of 13 KT recipients 
who developed CR-KP infection during 2006–2010, CR-KP infections were signifi -
cantly associated with recent exposure to broad-spectrum antibiotics and were more 
likely to have been managed on an inpatient basis and to have required source con-
trol. CR-KP was signifi cantly associated with earlier mortality. Six of 13 (46 %) 
patients with CR-KP infection and none of the controls died within 6.5 months of 
infection onset [ 53 ]. The authors concluded that investigations on ways to better 
prevent CR-KP are urgently needed. 

 Studies on the general population of patients with CR-KP infection have shown 
that source control and prompt initiation of adequate therapy are associated with 
better survival [ 54 ,  55 ]. Available clinical data on the treatment of CR-KP infection 
have demonstrated that (1) monotherapy is associated with lower success rates than 
combination therapy and increased risk of resistance to “second-line” antibiotics, 
i.e., colistin, tigecycline, and fosfomycin, and (2) carbapenem-containing combina-
tions are more effective than non-carbapenem-containing regimens, especially for 
isolates with MICs <4 mg/L. Currently, the MIC “ceiling” precluding the benefi cial 
use of carbapenems is unknown, but a benefi t has been observed in case series 
against isolates with MICs up to 16 mg/L. The selection of specifi c second-line 
agents should be individualized to the local resistance patterns, site of infection, and 
specifi c toxicity risks of the patient. Antibiotic loading doses should be considered 
for any patient with suspected CR-KP infection, especially if the patient is critically 
ill and has evidence of impending or fl orid sepsis. Contemporary pharmacokinetic 
studies of carbapenems, colistin, and tigecycline have utilized loading doses to opti-
mize drug activity and exposures early in the course of treatment.  

2.3.2.2      Clostridium difficile  
  C. diffi cile  is an anaerobic, Gram-positive, spore-forming bacillus.  C. diffi cile  causes 
infl ammatory diarrhea via two exotoxins, toxin A and toxin B, which trigger a cyto-
toxic response, neutrophilic infi ltrate, and cytokine release [ 56 ]. The incidence of 
CDI is estimated to be 3–19 % in liver recipients, 3.5–16 % in kidney recipients, 
1.5–7.8 % in pancreas–kidney recipients, and 9 % in intestinal recipients [ 57 ]. The 
incidence of  C. diffi cile  infection (CDI) in SOT recipients is highest within the fi rst 
3 months after the procedure, probably because of more frequent antimicrobial 
exposure, intense immunosuppression, and increased exposure to the healthcare 
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setting. Late-onset CDI occurs months to years after the transplant and is usually 
associated with either antimicrobial exposure or intensifi ed immunosuppression to 
treat graft rejection. In a recent retrospective cohort study of all kidney and liver 
transplant recipients diagnosed with CDI at a single center over 14 years, 170 
patients developed 215 episodes of CDI [ 58 ]. Among these patients, 162 episodes 
(75 %) were cured, 13 patients (8 %) died during hospitalization, and 49 patients 
(29 %) died within 1 year. No deaths were attributed to CDI. Recurrent episode was 
a major predictor of treatment failure [ 58 ]. 

 The laboratory gold standard for  C. diffi cile  toxin detection in stool is the cyto-
toxicity cell assay, and the gold standard for detecting toxin-producing  C. diffi cile  is 
toxigenic culture. However, cytotoxicity cell assays have fallen out of favor because 
they are relatively labor intensive and involve a delay of at least 24 h before inter-
pretation [ 56 ,  59 ]. Currently, more hospitals are converting to a two-step algorithm 
that utilizes new molecular methods. Screening stool for the presence of glutamate 
dehydrogenase (GDH), a common cell wall protein produced by both toxigenic and 
nontoxigenic  C. diffi cile , is the foundation for many of the new protocols. Testing 
for the presence of GDH allows rapid and cost-effective screening; however, as 
GDH does not differentiate toxigenic strains from nontoxigenic strains, subsequent 
toxin testing (by ELISA or NAAT) is required for those stool specimens that are 
GDH positive. 

 Severity of CDI can be divided into three categories: mild to moderate, severe, 
and severe with complications [ 60 ]. Of note, there are no validated methods to 
objectively categorize patients as such. Mild-to-moderate CDI symptoms are typi-
cally diarrhea and possibly also mild abdominal pain and abdominal systemic 
symptoms. Severe CDI includes abdominal pain, leukocytosis, and fever or other 
systemic symptoms along with profuse diarrhea. Advanced age and patients with 
hypoalbuminemia are at increased risk for severe disease. Severe disease with com-
plications includes the symptoms of severe disease accompanied by life-threatening 
conditions such as paralytic ileus, toxic megacolon, refractory hypotension, and/or 
multiorgan failure secondary to CDI. The disease severity may rapidly progress, so 
clinicians should frequently reassess and adjust therapy accordingly. 

 The fi rst intervention that should occur in any patient with CDI is cessation of the 
inciting antimicrobial agent whenever possible. Published guidelines support bas-
ing the initial antibiotic choice on the severity of CDI [ 57 ,  60 ]. Oral metronidazole 
(500 mg TID) is recommended for mild-to-moderate disease in both the general 
population and SOT recipients. However, a major disadvantage of metronidazole 
use in SOT recipients is an interaction with medications such as tacrolimus or siro-
limus, so that levels should be monitored during treatment. Oral vancomycin 
(125 mg QID) is the preferred therapy for severe CDI. Several studies demonstrated 
improved response rates with vancomycin compared to metronidazole in severe dis-
ease. In contrast to metronidazole, vancomycin does not reach adequate levels in the 
feces when given intravenously and should never be administered intravenously to 
treat CDI. In 2011, fi daxomicin was FDA approved for the treatment of 
CDI. Fidaxomicin is a macrocycline (in the United States it is designated as a mac-
rolide; in Europe as a macrocycle) antibiotic with minimal systemic absorption, 
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high colonic concentrations, and limited impact on normal gut fl ora. It has been 
evaluated in patients with no or one prior episode of CDI. Data reveal similar clini-
cal response, but decreased rates of recurrent infection, as compared with vancomy-
cin 125 mg orally every 6 h [ 61 ]. Limitations to fi daxomicin include drug acquisition 
costs and lack of data in SOT recipients. In cases of severe CDI with complications, 
decreased gastrointestinal motility may limit the effi cacy of oral vancomycin by 
preventing the drug from reaching the site of infection. In these patients, 500 mg 
every 6 h of oral vancomycin may be warranted in an attempt to increase the prob-
ability that adequate levels of vancomycin will be achieved in the colon as quickly 
as possible. Several case reports also support the use of vancomycin administered 
by retention enema in cases of ileus [ 57 ]. Surgical intervention within the fi rst 48 h 
of a failure to respond to medical therapy, bowel perforation, or multiorgan failure 
may reduce mortality in patients with severe disease [ 57 ]. Serum lactate levels and 
peripheral WBC count may be helpful in determining timing of surgical interven-
tion. Lactate levels rising to 5 mmol/L and WBC count rising to 50,000 cells/lL are 
associated with perioperative mortality; thus, intervention prior to reaching these 
cutoffs should be considered. 

 Twenty to 30 % of patients with CDI will suffer at least one recurrence [ 56 ]. 
Patients treated with fi daxomicin have demonstrated fewer episodes of recurrent 
CDI, though studies to date have not included transplant recipients. Treatment of the 
fi rst recurrence should again be guided by the disease severity as recurrence is not 
related to the development of antimicrobial resistance to the fi rst course of treatment 
[ 56 ]. Management of patients with multiple recurrences has not been thoroughly 
studied, but there are reports of success with either a prolonged tapering or pulse- 
dosing schedule of oral vancomycin. 

 Fecal microbiota transplantation (FMT) has been shown to be safe and effi ca-
cious in individuals with refractory CDI [ 62 ]. It has not been widely studied in 
individuals with immunosuppression due to concerns about infectious complica-
tions. Case reports and surveys on immunocompromised hosts, including SOT 
recipients, undergoing FMT due to refractory CDI have been reported with a high 
rate of success (approximately 80 %) and low incidence of severe adverse events.   

2.3.3     Mycobacteria 

 SOT recipients are at increased risk of mycobacterial infections. Classically myco-
bacterial diseases can be divided in  Mycobacterium tuberculosis  infection and non-
tuberculous mycobacterial infection. 

2.3.3.1    Tuberculosis 
  Mycobacterium tuberculosis  infection (TB) is a serious complication of AOT. SOT 
candidates and recipients are at greater risk for developing active TB with a rate of 
occurrence up to 74 times higher than that of the general population. The incidence 
rate of TB in SOT recipients can show a wide variability between (1) endemic (15 % 
of cases) and non-endemic countries (0–6 % of cases), (2) type and intensity of 
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immunosuppression, and (3) transplantation setting, being more frequent in lung 
recipients than other SOT. Most cases occur within 6 months from transplantation 
with the exception of renal transplantation where the median time of onset is 
11.5 months after transplantation [ 63 ]. 

 TB in SOT patients can have peculiar clinical features, such as a more frequent 
involvement of extrapulmonary organs and atypical symptom and signs leading to a 
delayed diagnosis and, consequently, to a worse outcome. Thus, TB-related mortal-
ity may reach 30 % in the SOT setting. 

 In SOT recipients, TB may be represented by four different scenarios, some of 
which can be prevented with a specifi c strategy [ 64 ]:

    (a)     Endogenous reactivation due to latent infection with M. tuberculosis  ( LTBI )  in 
the candidate recipient . This is the most common pattern of TB infection. 
Candidates to SOT should be evaluated and screened for LTBI with a careful 
evaluation of patient history, including previous exposure to  M. tuberculosis  
(MTB), and sign/symptoms. Methods measuring immune response to MBT are 
widely accepted to detect LTBI. These include tuberculin skin tests (TSTs) and 
INF-γ release assays (IGRAs). When compared to TST, IGRAs have some 
operational advantages that are particularly relevant in immunocompromised 
patients. Unlike the TST, antigen-specifi c stimulation in vitro is carried out 
along with negative and positive controls. As the positive control allows assess-
ment of general T-cell responsiveness, IGRA tests may be able to discriminate 
true negative responses from anergy and/or overt immunosuppression. Further 
advantages of IGRAs may result from an increase in specifi city in the face of 
increased, or at least similar, sensitivity. SOT candidates in which an LTBI is 
diagnosed have to be treated with a 9-month course of isoniazid, unless they 
have already received adequate treatment for LTBI or TB. In certain circum-
stances in AOT patients (i.e., LT candidates with end-stage liver disease), iso-
niazid treatment can be deferred to the postsurgical period for the increased risk 
of drug-induced hepatotoxicity.   

   (b)     Donor - derived reactivation due to LTBI in a living or deceased donor  is rare in 
AOT, while it is predominant in lung transplantation. However, cases of TB 
transmission with LT and KT with high fatality rate have been reported. Donors, 
similarly to recipients, should be evaluated and screened for active or LTBI. A 
suspicion of active TB should be contraindicated for donation.   

   (c)     De novo exposure and infection posttransplantation . In SOT patients the risk of 
rapid progression of TB is high in the case of a de novo infection with a frequent 
extrapulmonary involvement and/or disseminated infection.   

   (d)     Urgent transplantation in a patient with active tuberculosis  (i.e.,  urgent liver 
transplantation ). Even though TB is considered a contraindication for organ 
transplantation, in specifi c cases of fulminant hepatic failure (FHF), LT has 
been successfully performed. We recently reviewed the literature and found 31 
cases of LT reported in patients with active tuberculosis. The indication for LT 
was fulminant hepatic failure (FHF) in 22/31 (70 %) of cases, secondary to 
antitubercular treatment (ATT), hepatitis B virus, or idiopathic in 86, 9, and 4 % 
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of cases, respectively. At the end of follow-up which lasted a median of 12 
(12–24) months, 27/31 (87 %) patients were alive, and none of them experi-
enced a relapse of TB after LT.    

  Treatment of TB after SOT remains a challenge [ 64 ]. First-line ATT including 
isoniazid, rifampin, pyrazinamide, and ethambutol is recommended in susceptible 
strains. However, the potential for drug interaction between rifaximins and immu-
nosuppressant agents and hepatotoxicity of antitubercular drugs make strict moni-
toring of immunosuppressant serum levels and liver function tests mandatory while 
administering rifampin and isoniazid, especially after LT. In this latter setting, in 
fact, hepatotoxicity requiring isoniazid discontinuation was documented in 41 % of 
recipients. Adequate immunosuppressant drug serum levels can be easier to main-
tain with the use of rifabutin instead of rifampin, for the lesser potential of cyto-
chrome P3A4 induction of rifabutin. Second-line drugs such as fl uoroquinolones 
and aminoglycosides have been successfully used and are preferred by some authors 
for the absence of potential hepatotoxicity and low risk of drug interaction. A 
rifamycin- free regimen (H, Z, E, fl uoroquinolone) is an option in non-severe TB 
cases (non-cavitated pulmonary and nondisseminated disease) in order to avoid 
interaction with immunosuppressive drugs.  

2.3.3.2    Nontuberculous Mycobacteria 
 Nontuberculous mycobacteria (NTM) infections are rare in SOT patients if com-
pared with other posttransplant infections [ 65 ]. However, their importance is due to 
challenges in diagnosis and treatment. NTM include a broad spectrum of pathogens 
and consequently comprise a wide range of diseases and clinical manifestations. 
The most common infections are caused by  Mycobacterium avium – intracellulare 
complex  (MAC),  M. xenopi ,  M. kansasii ,  M. marinum ,  M. haemophilum , and the 
rapid growing mycobacteria (RGM):  M. fortuitum ,  M. chelonae , and  M. abscessus . 
The main clinical features of NTM include lung disease, skin and soft tissue infec-
tion, and lymphangitic eruption. Nearly half the infections initially confi ned to the 
lung can evolve rapidly into a disseminated disease that can involve the lungs, 
nodes, visceral organs, and bone marrow. Table   2.2   summarizes the main clinical 
manifestation and treatment of NTM in SOT patients.

2.3.4         Fungi 

 Invasive fungal infection (IFI) is a main cause of morbidity and mortality among 
SOT recipients [ 66 ]. Incidence and sort of IFI typically show strict dependence on 
the kind of organ transplanted and the intensity of immunosuppression, conse-
quently varying from center to center [ 67 ,  68 ]. Among AOT, due to the complexity 
of intraperitoneal surgical procedures, invasive candidiasis (IC) is the most common 
IFI, accounting for 49–76 % of cases, followed by invasive aspergillosis (IA) 
(5–14 %) and zygomycoses (0–2 %) [ 67 ,  68 ]. IC is prevalent especially in the fi rst 
posttransplant period where the risk of surgical complication, antibiotic exposure, 
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and immunosuppression is highest. The median time to onset is usually 103 days 
after transplantation for IC and 184–234 days for IA [ 67 ,  68 ]. Depending on the 
kind of transplantation, the incidence of IFI is more frequent in small bowel trans-
plantation, followed by liver transplantation, and is lowest among kidney 
recipients. 

 Common risk factors for IC in SOT are acute renal failure, recent CMV infec-
tion, primary graft failure, transfusion of ≥40 units of cellular blood products, and 
early colonization with  Candida  spp. [ 69 ]. In addition, each transplantation setting 
can have specifi c risk factors such as choledochojejunostomy in LT or enteric drain-
age in pancreas transplantation. Risk factors for IA are well established, especially 
among LT recipients, and include retransplantation, urgent transplantation for ful-
minant hepatic failure, renal failure requiring renal replacement therapy, and re- 
laparotomy [ 70 ]. 

 Diagnosis of IFI in SOT patients is challenging [ 71 ]. Prompt recognition of fungal 
infection is essential for achieving a successful outcome. However, sensitivity of 
blood cultures for the diagnosis of IC is low (almost 50 %), and the performance of 
non-culture methods such as beta-D-glucan in this setting has been rarely investi-
gated. For IA, both clinical symptoms and radiologic manifestations may be nonspe-
cifi c at early stages of the disease. The isolation of  Aspergillus  spp. from non-sterile 
respiratory samples may indicate invasive infection, colonization, or laboratory con-
tamination, thus making treatment of asymptomatic transplant recipients diffi cult. 
However, the isolation of  A. fumigatus  is highly predictive of invasive disease and 
should always be considered very seriously in this population. All respiratory samples 
other than sputum proved to have the same predictive value; thus, the choice of one or 
another technique should be based on the availability and expertise in each hospital, 
on the extent and location of the infi ltrate, and on patient characteristics. Previous 
studies have shown that in SOT recipients with pneumonia, the sensitivity of bron-
choalveolar lavage for IA diagnosis ranged from 58 to 89 %, and transthoracic aspira-
tion reached 100 % sensitivity. Clinical and microbiologic information should be 
combined with early CT scan, which provides more specifi c information than conven-
tional chest X-ray. Although detection of galactomannan in serum has poor sensitivity 
for the diagnosis of invasive aspergillosis in LT recipients, detection of galactomannan 
in the bronchoalveolar lavage with a compatible clinical illness is highly suggestive of 
invasive disease [ 70 ]. Central nervous system (CNS) involvement in this setting is 
common; thus, CT scan of CNS and paranasal sinuses is strongly recommended in 
SOT patients with IA diagnosis to rule out extrapulmonary disease. 

 Antifungal prophylaxis is recognized as a useful strategy to reduce the inci-
dence IFI and the IFI-related mortality after LT [ 72 ]. Prophylaxis with newer oral 
triazoles is limited by wide intra- and interindividual pharmacokinetic variability 
resulting in unpredictable blood levels, as well as numerous interactions with 
immunosuppressive agents. The use of echinocandins in solid organ transplant 
recipients has been shown to be safe with a low rate of drug–drug interactions. 
However, the need for daily parenteral administration and increasing reports of 
breakthrough infections have dampened enthusiasm for use of these agents [ 73 ]. 
In a recent phase II trial, a weekly high dose (10 mg/kg) of liposomal 
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amphotericin B (LamB) was reported to be safe, feasible, and associated with a 
very low rate of IFI [ 74 ]. 

 Prompt initiation of antifungal treatment is necessary in cases of IFI. Echinocandins 
are the antifungal of choice for IC especially in critically ill patients and in settings 
with a high rate of fl uconazole resistance. However, treatment with echinocandins 
in AOT may fail to penetrate the tissues in cases of intra-abdominal infection such 
as  Candida  peritonitis [ 75 ]. In this case, LamB may be a potential alternative. 
Fluconazole remains the preferred treatment in patients with stable condition or 
after clinical stabilization as a step-down therapy. 

 For many authors, voriconazole is the drug of choice in cases of IA in SOT, espe-
cially in cases of extrapulmonary spread of infection. In a randomized trial, voricon-
azole showed superiority in the treatment of IA compared with amphotericin B 
deoxycholate. During the treatment with voriconazole, serum levels of immunosup-
pressant agents and the triazole should be carefully monitored for important drug-
to- drug interactions. Liposomal amphotericin B (LamB) is a good alternative to 
voriconazole. LamB has a broad-spectrum antifungal activity, is generally well tol-
erated, and has little or no interactions with antirejection drugs. Combination treat-
ment with azoles and echinocandins is a promising option as a rescue therapy for 
IA, although data on its overall benefi t are still controversial [ 76 ].   

2.4     Prevention 

 Antimicrobial prophylaxis has signifi cantly altered the incidence and severity of 
posttransplant infections. Indeed, prevention of invasive disease, whether resulting 
from new exposure or from the activation of existing latent infection, is easier than 
the treatment of established disease [ 16 ].  Six general preventive strategies are used : 
( 1 )  vaccination , ( 2 )  surgical prophylaxis , ( 3 )  universal prophylaxis , ( 4 )  preemptive 
or presymptomatic therapy , ( 5 ) “ targeted prophylaxis ,”  and  ( 6 )  educated 
avoidance . 

 Pre-transplant recipient and donor assessment is critical to assess the patient risk 
and schedule prophylactic strategies (see Tables   2.3   and   2.4  ). In the pre-transplant 
period, it is also important to update the vaccination status to guarantee a higher 
effi cacy of these strategies (see Table  2.5 ) [ 77 ].

     As mentioned above, routine surgical prophylaxis should be adjusted to the 
organ transplanted and hospital epidemiology. Some authors suggest that surgical 
prophylaxis may be adjusted based on known colonization patterns with organisms 
such as  Pseudomonas , MRSA, VRE, KPC, or fungi, but there are no data about the 
effi cacy of this strategy, while there is considerable concern regarding toxicity and 
selection of further resistance. 

 “Educated avoidance” includes lifestyle changes that may limit exposure to 
potential pathogens (wearing masks or gloves while gardening, avoiding attics or 
basements with molds, fi ltered water supplies). 

 Two advances in prophylaxis have signifi cantly altered transplant medicine. 
First, trimethoprim–sulfamethoxazole (TMP–SMZ) is given at most centers for 
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   Table 2.3    Donor and recipient pre-SOT assessment for prevention of viral infections   

 D  If test is positive  R  If test is positive 

 Ab HIV 
1/2 

 ×  Contraindicated but considered for HIV+ 
recipient 

 ×  Not contraindicated in 
pts with: 

 1. No detectable viral 
replication 

 2. CD4+ > 200/μL 

 3. Therapeutic reserve 

 IgG 
CMV 

 ×  Not contraindicated but essential to defi ne 
prophylactic strategy 

 × 

 IgG EBV  ×  Not contraindicated but essential to monitor 
EBV-negative recipients, especially children 

 × 

 Ab 
HHV8 

 ×  Not contraindicated but essential to monitor 
HHV8-negative recipients 

 × 

 HBsAg  ×  Contraindicated but considered for HBsAg + 
or HBV-immunized pts 

 × 

 HBcAb  ×  Not contraindicated, but consider antiviral 
prophylaxis for liver and HBV nonimmune 
recipients 

 × 

 Ab HCV  ×  Contraindicated but considered for HCV+ 
recipients 

 × 

   Table 2.4    Donor and recipient pre-SOT assessment for prevention of bacterial infections   

 D  If test is positive  R  If test is positive 

 TPHA, VDRL  ×  Not contraindicated, but treat 
the recipient 

 ×  Not contraindicated, but treat 
the recipient 

 Blood cultures  ×  Not contraindicated, but treat 
the recipient. Individual 
decision in case of MDR 
bacteria 

 Bronchoscopy with 
BAL 

 ×  Mandatory for lung donor and recipient. Individual evaluation in 
case of MDR, fungal, and mycobacterial colonization 

 Surveillance 
cultures 

 Culture of preservation fl uid 
is highly controversial 

 ×  There is no agreement about 
management of patients 
colonized with MDR bacteria 

 PPD/IGRA  Deceased donor evaluation 
for TB relies on medical 
history, endemic exposures, 
and Rx fi ndings 

 x  Exclude active TB. Latent and 
active TB should be treated 
before SOT (if possible) 

3 months to lifetime to prevent  Pneumocystis  pneumonia (PCP) as well as 
 Toxoplasma gondii ,  Isospora belli ,  Cyclospora cayetanensis , many  Nocardia  and 
 Listeria  species, and common urinary, respiratory, and gastrointestinal pathogens. 
Low-dose TMP-SMZ is well tolerated and should be used in the absence of specifi c 
data demonstrating allergy or interstitial nephritis. Alternative anti- Pneumocystis  
prophylactic strategies lack this breadth of protection [ 77 ]. 
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 The prevention of posttransplant cytomegalovirus and other herpesvirus infec-
tions, including the availability of some oral antiviral agents and the use of 
nucleic acid-based assays to establish a specifi c microbiologic diagnosis and to 
monitor responses to therapy for many viral infections, has also revolutionized 
posttransplant care.     
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  3      Donor Selection, Evaluation, 
and Management 

             Alessandro     Nanni     Costa    

3.1             Introduction 

 In 50 years, transplants have become an established and highly successful clinical 
practice throughout the world, an effective and irreplaceable treatment practice. 

 This notwithstanding, increased use of this treatment opportunity, for which the 
clinical complications and contraindications are steadily reducing in number, is still 
being held back by the scarcity of available donors. 

 The value of donating a part of your body is more than we might commonly 
imagine. However, a donation mind-set certainly cannot be imposed through rules 
or laws, because nothing can be introduced in law that has not fi rst entered our 
consciousness.  

3.2     Organizational and Management Aspects of the Italian 
System 

 The subject of donations in Italy cannot be addressed without fi rst describing the 
National Transplant Network and its mission. The current system was formally 
established following the approval of  Law 91 of 1 April 1999  [ 1 ] which, by clearly 
defi ning the roles, functions, and responsibilities involved, paved the way for a reor-
ganization of the entire national system, bringing undeniable improvements to the 
existing framework. Of the many provisions contained in this law, the organiza-
tional aspects are most defi nitely a central theme – a theme to which all of ten arti-
cles are devoted. For the fi rst time in Italian legislation, Law 91/1999 sanctioned the 
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principle that “organ and tissue transplants and their coordination are an objective 
of the National Health Service.” 

 The  coordination centers  therefore acquired an essential role in the system. They 
form the backbone of the National Transplant Network and, with due consideration 
for the different contexts in which they operate, identify with and share a common 
sense of belonging to a network; an ability to manage sensitive care processes; a 
responsibility to ensure that procedures meet high quality and safety standards; and 
a determination to provide treatment opportunities ever more closely aligned with 
the needs of patients on waiting lists. 

 Other important points are the implementation provisions regarding the declara-
tion of consent to the removal of organs and tissues [ 2 ,  3 ] and the training of health-
care professionals. 

 In reorganizing the system, the  National Transplant Center  (CNT) was, undoubt-
edly, one of the most important innovations introduced by the law. 

 Law 91/1999 entrusted the CNT not just with the national coordination of organ, 
tissue, cell donation and transplant activity at the national level but also, with moni-
toring transplants and waiting lists through the donation information system. The 
CNT drew up guidelines and operational protocols, allocating organs for urgent 
cases referred to the national pool, drawing up parameters to evaluate the quality 
and results of transplant facilities, and promoting and coordinating relations with 
foreign institutions operating in the sector. Other tasks envisaged by the law include 
collaboration in awareness-raising initiatives, managing the information system, 
and, more in general, playing an effective role in the organizational and manage-
ment functions of the transplant system.  

3.3     Sources of Organs for Transplant 

 Most of the transplants performed throughout the world use  cadaver donors  as their 
primary source of organs and tissues. This vital resource, which is, unfortunately, 
never suffi cient to cover the needs of all the patients on the waiting lists, can be used 
in Italy only if two conditions are satisfi ed: the irreversible cessation of all  brain 
functions  and non-opposition expressed by the subject while living or by his or her 
family members entitled to do so. 

 Diagnosis of death is, therefore, the necessary clinical condition to begin the 
donation process. Death can be confi rmed using two different criteria: the neuro-
logical criterion and the cardiocirculatory criterion. Both are independent of the 
removal and transplant procedures; they are obligatory by law in all cases; they are 
regulated by specifi c, mandatory provisions [ 1 ,  4 – 7 ]; and they are accompanied by 
implementation regulations and reference guidelines [ 8 ]. 

 Once death has been confi rmed, irrespective of whether a donation can be made, 
the family cannot oppose the suspension of any procedures being performed at that 
time. The body of the deceased is prepared, with the utmost respect and dignity, for 
the funeral and mourning process. 
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 The other source of organs is donation by  living donors . This, it should be noted, 
is in addition to and not in place of donation from cadavers. 

 It is without a doubt in liver transplants that we have seen the most notable devel-
opment in surgical technique, the “split liver.” This makes it possible to remove a 
portion of the living adult donor’s liver and transplant it, generally into a child [ 9 ] 
but in many cases into an adult [ 10 ,  11 ]. Today, this procedure accounts for about 
2 % of all liver transplants. In most cases, it is performed on blood relatives 
(Table  3.1 ), and even though its frequency has fl uctuated over the years (Fig.  3.1 ), it 
has become an established part of the repertoire of a number of transplant centers.

    Italy currently has living donor programs for kidney, liver, lung, pancreas, and 
intestinal transplants. Donation from living donors is regulated by a number of pro-
visions and accompanied by numerous guidance documents and ethical statements 

  Table 3.1    Liver transplants 
from living donors: donor- 
recipient relationship  

 No. of 
cases  Percentage (%) 

  Blood relatives  

 Children  157  51.8 

 Siblings  43  14.2 

 Mother  27  8.9 

 Father  20  6.6 

 Half-siblings  9  3.0 

 Other degrees of kinship  4  1.3 

 Twins  2  0.7 

  262    86.5  

  Non-blood relatives  

 Spouses  27  8.9 

 Acquaintances  6  2.0 

 Domino transplants  3  1.0 

 Relations by marriage  3  1.0 

 Cohabiting partners  2  0.7 

  41    13.5  
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  Fig. 3.1    Liver transplants from living donors 2011–2013       
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[ 12 – 16 ]. The feasibility procedures are very rigid and require a number of examina-
tions, both clinical and motivational. The latter are conducted by a third-party com-
mission [ 15 ] independently of the recipient’s treatment team (transplant surgeon, 
nephrologist, etc.). 

 In no case does donation give rise to direct or indirect payment or to benefi ts of 
any kind. Moreover, consent may be withdrawn at any moment, up until the time of 
the transplant itself. In urgent cases, for which the allocation of organs from cadav-
ers is given priority at the national level, transplants of organs or parts of organs 
from living donors are not allowed.  

3.4     Descriptive Epidemiology of Donations in Italy 

 In 2000, Italy had an average of 14.3  donors used  per million population (p.m.p.) 
but showed clear and notable differences between the north (21.9 donors p.m.p.) 
and south (6.0 p.m.p.) of the country. Since then, the number of donors has increased 
by 4.2 p.m.p. to 18.5 in 2013, but the north-south gap has remained more or less 
unchanged, notwithstanding the rise in absolute numbers. Certain “virtuous” regions 
demonstrate that a level of 30–40 donors used p.m.p. is not just a chimera: examples 
are Tuscany, with 35.1 donors p.m.p.; Piedmont, with 30.2; and Friuli-Venezia 
Giulia, with 27.1. Other regions, however, are clearly, and objectively, lagging 
behind: Calabria, with 9.2; Puglia, with 8.6; Basilicata, with 6.9; Campania, with 
6.6; and Molise, with 3.2 p.m.p (Fig.  3.2 ).  

 This gap is the principal challenge in the system and prevents us from realizing 
the concept of social equity and equality of access to the treatment that patients 
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need. On the contrary, it gives rise to, and encourages, fl ows of patients from the 
south of the country to regions with better provision. And to a certain degree (fortu-
nately less than in the past), it invites them to seek a solution – one that is not devoid 
of risks – abroad. 

 The initiatives undertaken over the years, including the action taken on health 
planning in a number of regions by pressing for higher donation rates to be given 
prominence in regional health plans or the temporary transfer of experts from 
benchmark regional coordination units to those experiencing greater diffi culties, 
have undoubtedly led to an overall improvement in activity levels. A resource- 
distribution system to provide support for donation and transplant activities has also 
been proposed and implemented, following an approach that does not simply 
include but indeed focuses on achieving the objectives. But the different environ-
mental, organizational, and social situations found in the north and south of the 
country probably still exert a signifi cant infl uence. 

 Another factor of interest concerns the  causes of death  of the donors reported. In 
the early 2000s, death from vascular causes accounted for 64.38 % of all causes, 
head injury for 27.26 %, post-anoxia 4.31 %, primary brain tumors 0.99 %, and all 
other causes 3.03 % (Table  3.2 ). The epidemiological data for 2013 indicate that in 
the donors reported, deaths from vascular causes had risen to 69.82 % (an increase 
of 5.44 %), while those from head injury had fallen to 16.07 % (a decrease of 
11.19 %). Other causes remained more or less unchanged (Table  3.3 ).

    These fi gures are in line with the aging of the general population, in which vas-
cular accidents are undoubtedly more frequent. But they also point to the fact that 
many potential donors are moving into the “senior” age group, a factor that in future 
could have a growing impact and which will need to be addressed more and more 
frequently. We will examine this question more closely later. The reduction in the 
number of deaths from head injuries should, however, provide some cause for relief, 
as this type of event is typical of the young and very young. 

   Table 3.2    Causes of death of donors reported in 2002   

 Vascular  Head injury  Post-anoxia  Brain tumor  Others 

 No.  %  No.  %  No.  %  No.  %  No.  % 

 North  590  34.44  254  14.82  42  2.45  9  0.52  29  1.69 

 Center  248  14.47  88  5.13  15  0.87  2  0.11  8  0.46 

 South/islands  265  15.46  125  7.29  17  0.99  6  0.35  15  0.87 

  Total    1,103    64.38    467    27.26    74    4.31    17    0.99    52    3.03  

   Table 3.3    Causes of death of donors reported in 2013   

 Vascular  Head injury  Post-anoxia  Brain tumor  Others 

 No.  %  No.  %  No.  %  No.  %  No.  % 

 North  785  34.58  164  7.22  114  5.02  7  0.30  49  2.15 

 Center  430  18.94  105  4.62  46  2.02  6  0.26  30  1.32 

 South/islands  370  16.29  96  4.22  37  1.62  10  0.44  21  0.92 

  Total    1,585    69.82    365    16.07    197    8.67    23    1.01    100    4.40  
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 The conclusions to be drawn from these fi gures become less direct if we analyze 
them from a geographical perspective. Indeed, if we evaluate the incidence of the vari-
ous  causes of death  in the north, center, and south and islands of the country, it 
becomes diffi cult, frankly, to understand why, in the period from 2002 to 2013, out of 
a total of 17,127 potential donors who died from vascular causes, 32.64 % were 
reported in the north and just over 15 % in the center and south (17.62 % and 16.51 %, 
respectively) (Table  3.4 ). The explanation could lie in the higher concentration of 
elderly people in the north than in the center and in the south and islands, but in this 
case the fi gures would run counter to the country’s general demographic trends, which 
see higher longevity rates in the center-south and islands [ 17 ]. Or it could lie in differ-
ences of approach in identifying and reporting these potential donors. This seems to 
us to be the most probable cause, but the fi gures undoubtedly merit further study.

   Another factor of interest, as we have just mentioned, is the  age of the donors  
reported and how this has changed over time. To give this variation its due promi-
nence, we considered the donors used. In 2002, their mean age was 47.1 years and 
the median was 51. By 2013, the average age had risen to 57.5 and the median to 62. 
In practice, the population of donors used has “aged” over the period by 10 years 
(average value) and 11 years (median value) (Fig.  3.3 ).  

   Table 3.4    Causes of death of the 25,646 donors reported from 2002 to 2013   

 Vascular  Head injury  Post-anoxia  Brain tumor  Others 

 No.  %  No.  %  No.  %  No.  %  No.  % 

 North  8,371  32.65  2,772  10.86  939  1.31  99  0.38  534  0.98 

 Center  4,521  17.62  1,338  5.21  300  0.39  70  0.27  264  0.36 

 South/islands  4,235  16.51  1,478  5.76  245  0.34  68  0.26  312  0.43 

  Total    17,127    66.78    5,588    21.78    1,484    5.78    237    0.92    1,210    4.71  

  Fig. 3.3    Mean and median age of donors used; mean and median age over time. Media, mean; 
mediana, median       
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 Experience tells us that if we raise the bar of the donors’ age limit, the number of 
donations increases and with it the number of organs, most notably liver and kid-
neys, available for transplant. The noteworthy factor here is that the outcome of 
these transplants does not appear to be signifi cantly infl uenced by the donor’s age, 
at least in the short and medium term. The risk of occult malignancies could be 
higher in older individuals, but considering the strategies implemented (safety 
guidelines and second opinions), this is highly unlikely and, ultimately, in the risk- 
benefi t ratio, the balance most defi nitely tips in favor of the transplant. 

 In any case, the factor indicating the age limit or suitability (or lack thereof) of 
an organ should not be the donor’s date of birth but the organ’s functional reserve. 
From the legislative point of view, there is no age limit to donation. Where to set the 
acceptability bar is, therefore, a question that involves balancing medical judgment 
and the informed consent of the patient, with respect both to the known risks and to 
any unknown risks that might emerge following the transplant [ 18 ].  

3.5     Search and Selection Strategies 

 To improve the process of searching for and identifying all potential donors, we 
need to identify and monitor the channels through which neurologically injured 
patients normally pass when receiving fi rst aid in hospital. This provides us with 
real-time information about patients who could potentially become donors and their 
exact location in the hospital. The strategies for monitoring these patients require 
the constant monitoring of their clinical course. 

 To this end, collaboration with the Health Directorate and the Instrumental 
Diagnostics Services (neuroradiology, CAT) is a vital element in providing us with 
an overview of neurologically injured patients whose clinical progress is to be mon-
itored from day to day. Access to the data on deaths occurring in the various wards 
during the previous 24 h is equally useful as a way of identifying all potential tissue 
donors. 

 For this purpose, some years ago, the Italian system set up a  National Register of 
Deaths from brain injuries , with the aim of providing prospective evidence not just 
of the clinical epidemiology of patients in intensive care with acute brain injuries 
but also of the effi ciency of the entire donation process. 

 Identifying potential organ donors in intensive care is, in fact, the key point and 
essential precondition for donation activity. Collecting specifi c data, such as the 
numbers of deaths from brain injuries and of brain-stem deaths, hospital beds, and 
actual donors, has made it possible to construct simple outcome and process indica-
tors to determine and analyze the various stages in the process as a whole. 

 On the basis of the results obtained, we have therefore been able to identify 
training needs, organizational support, and the critical points of the donation pro-
cess at the point of identifying the potential donor. Constant monitoring using cen-
tralized online data on brain injury deaths in intensive care is also proving to be a 
sensitive and objective tool in evaluating and planning improvements from the 
logistical- organizational, structural, and staff-training perspectives. 
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 The effi ciency of the procurement process and related individual logistical- 
organizational factors has been and continues to be evaluated regularly, including 
through audits. In the framework of the National Quality Program, the National 
Transplant Center plans to extend this evaluation process to local coordination units 
by verifying qualitative and quantitative features in individual hospitals, using spe-
cifi c indicators for each sphere of evaluation. 

 Through this initiative, it has been possible to arrive at an accurate and detailed 
assessment of the level of the donation system in Italy by evaluating individual situ-
ations and viewing them in context. Creating an objective way to evaluate the strong 
and weak points of the system has been, and will increasingly be, indispensable if 
we are to introduce the required corrective measures, including by implementing 
the ambitious project of transferring the know-how of certain advanced treatment 
centers to others experiencing greater diffi culties. This is vital if we are to ensure 
uniform quality and safety standards and, at the same time, nudge the system toward 
a better “organ procurement” balance between the different parts of the country.  

3.6     Donor Selection and Evaluation Criteria 

 It is universally recognized that promoting safety and quality in managing delicate 
healthcare processes is based on a systemic approach that includes the study of 
noncompliance, the identifi cation of circumstances and factors that may facilitate or 
actually cause harm to the patient, and the planning of appropriate and effective 
management and care pathways [ 19 ]. More specifi cally, analyzing the causes and 
contributing factors is particularly complex but essential to managing the  clinical 
risk . The aim of such analysis is to identify the factors that may have contributed to 
the occurrence of an undesired event, by applying a system- and process-focused 
investigation methodology [ 20 ]. 

 Establishing the causes of adverse events is therefore vital if we are to identify 
the most appropriate solutions and prevent similar events from occurring in the 
future [ 21 ,  22 ]. This clearly applies to all donors, whether dead or alive, but with 
one major difference: in donation from cadavers, everything must be done with the 
utmost care and attention but in the time frame imposed by the circumstances. 

 It is in this direction that the National Transplant Center is focusing its efforts 
with a view to minimizing the risks of organizational and management noncompli-
ance that are typical of complex health systems and of which transplants are 
undoubtedly the most multifaceted example. In approaching the problem, we there-
fore took into account the complexity of the system, the multidisciplinary nature of 
the subject, and, above all, the multiplicity of parties involved. 

 As a consequence, we deemed it necessary to start from a description of the pro-
cess (supply chain), an analysis of the decision-making and operational pathways 
conducted by examining their components (type of situations managed and units 
participating in the process), and the tasks and operational behavior required (human 
resources involved, procedures and methods adopted). The aim here was to codify 
the process and identify its main problem areas [ 23 ]. As a further measure to 
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promote safety, appropriate guidelines and related specifi c protocols were issued 
[ 24 ]. These were designed to illustrate even more clearly to the professionals work-
ing in the network the intrinsic problems and the professional rules that must be 
followed if they are to perform their mission to best effect. 

 The  safety guidelines  focus on two main aspects:

    1.    Describing the different levels of risk defi ned from the clinical point of view, 
with due consideration for the ethical implications   

   2.    Indicating the strategies to adopt to increase the rate of early identifi cation of 
donors at risk of transmitting diseases to recipients    

  Five different risk levels were thus identifi ed:

    Unacceptable risk : Potential donors classifi ed under this risk level are to be ruled 
out completely. This category includes HIV 1 or 2 seropositivity; HbsAg and 
HDV contemporaneous seropositivity (hepatitis B and delta coinfection); and 
current neoplastic conditions, with the exception of carcinoma in situ, basal 
cell carcinoma, cutaneous squamous cell carcinoma without metastases, carci-
noma in situ of the cervix, carcinoma in situ of the vocal cords, and urothelial 
papillary carcinoma (T0 according to the TNM classifi cation). For other 
tumors, for which the epidemiological studies indicate that the risk of trans-
mitting the tumor is much lower than the potential benefi t to be achieved from 
the transplant, the transplant center can decide to use the organ, subject to the 
informed consent of the recipient. Lastly, systemic infections, for which no 
feasible treatment options are available, and documented prion diseases are 
also excluded.  

   Increased but acceptable risk : Cases where the use of organs is justifi ed by the 
urgency of the case or the specifi c clinical condition of the recipient. In these 
cases, even if the evaluation process detects the presence of pathogens or pathol-
ogies that could be transmitted through the transplant, the use of the organs in 
question is allowed in the context of a risk-benefi t analysis. Examples are patients 
affected by fulminant hepatitis, re-transplants for primary loss of hepatic func-
tion, or patients undergoing hepatectomy with total loss of liver function. In all 
of these cases, a transplant is the only possibility of saving the patient and so the 
use of the organ, even if not optimal, is justifi ed.  

   Calculated risk : Cases where the presence of a pathogen or serological status in the 
donor is compatible with a transplant in recipients with the same pathogen or 
serological status. Distinctions are of course made, with respect both to the 
organs that can be used (liver, kidney, heart, lung) and to the pathogen or sero-
logical status affecting them (HBsAg+ or anti-HCV+, or HbcAb donors, etc.). 
Depending on the case, these organs can be used subject to the informed consent 
of the recipient and to compliance with specifi c diagnostic and treatment proto-
cols to monitor the transplant. These cases are described in detail in the guide-
lines and in the protocols to which healthcare professionals refer and which it is 
not possible to set out in detail here. 
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 However, for an idea of the types of cases referred to, we need only to consider 
recipients with liver cirrhosis secondary to HCV infection, which is the main 
indication for liver transplants. The HCV infection recurs after the transplant in 
nearly all cases, but the short- and medium-term survival rates are excellent. 
Studies have shown that anti-HCV-positive donors can be considered suitable for 
liver transplants in recipients with the same serological agent, if the HCV infec-
tion in the donor has not caused irreversible hepatic histological damage such as 
fi brosis [ 25 ]. This means that today, these organs, which were previously deemed 
unsuitable, can be used, and by no means a negligible number of usable organs 
can be recovered for transplant.  
   Non - assessable risk : Cases where the evaluation process does not enable the risk 
to be adequately assessed because one or more of the assessment factors are not 
available (e.g., accurate medical history). In such cases, for the donor to be con-
sidered suitable, tests and investigations will have to be carried out to verify 
whether any of the absolute exclusion factors or other, relative, contraindications 
apply (infectious disease biomolecular tests conducted by laboratories with the 
appropriate specialist expertise and experience in the sector, so as to reduce the 
“window period” as much as possible; subsequent  postmortem  examination). 
 One example of potentially high non-assessable risk for infectious diseases is the 
West Nile virus (WNV). After the outbreak in 1998, the Italian Ministry of 
Health decided to set up a National Surveillance Plan regulated by the ministerial 
circular on “Sorveglianza dei casi umani delle malattie trasmesse da vettori con 
particolare riferimento alla Chikungunya, Dengue e West Nile Disease” (surveil-
lance of human cases of diseases transmitted by carriers with particular reference 
to Chikungunya, Dengue, and West Nile Disease – 2013 update) [ 26 ]. The tim-
escale for the epidemiological surveillance of human cases of these diseases 
extends throughout the year. However, in the period of carrier activity (15 June 
to 30 November), the surveillance system must be ready for prompt and timely 
action so that the necessary checks can be carried out. 
 On the basis of the epidemiological surveillance data of human cases of neuroin-
vasive WNV diseases and of virus circulation in the year immediately preceding 
the occurrence, each year the National Transplant Center issues a number of 
actions to be taken to prevent the transmission of WNV through organ, tissue, or 
cell transplants and to promptly identify any transplants from WNV-positive 
donors. 
 In the case of organ transplants from cadaver donors, it is recommended to carry 
out the Nucleic Acid Test (NAT) for WNV in the 72 h following donation, on all 
donors who had been resident in the regions affected and all donors who, on the 
basis of investigation into their medical history, had spent at least one night in the 
regions affected during the previous 28 days. If the test turns out to be positive, 
the National Transplant Center (CNT), the interregional transplant centers (ITC), 
and the regional transplant centers (RTC) concerned must be informed. 
 For transplants from living donors, it is recommended to carry out the Nucleic 
Acid Test for WNV before the transplant is performed, on all donors resident in 
the regions affected and all donors who, on the basis of investigation into their 
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medical history, have spent at least one night in the regions affected during the 
previous 28 days. If the test turns out to be positive, the CNT, the ITC, and the 
RTC concerned must be informed. 
 If, on the other hand, the tests are negative, the donor may be considered as pre-
senting a “standard risk.” If for some reason the tests cannot be carried out, the 
donor must only be used in urgent cases, or where the recipient has a specifi c 
medical condition, subject to his or her informed consent.  

   Standard risk : Cases where no risk factors for transmissible diseases are identifi ed 
in the evaluation process and the most frequent condition in the evaluation pro-
cess for donors and individual organs. This level of risk is commonly described 
as “standard” for the simple fact that, in the transplant discipline, there is no such 
thing as “ zero risk .” This is because the possibility of transmitting both infectious 
and neoplastic diseases is always present, even if the guidelines are followed 
and/or professional conduct complies with good clinical practice. That said, it 
cannot be denied that the rigorous application of the guidelines in routine prac-
tice minimizes the possible risk factors or at least pinpoints them so that they can 
be better assessed and, if possible, overcome.    

 As regards measures to reduce the use of donors with occult malignancies, the 
document identifi es two distinct stages:

    1.     Risk evaluation process  prior to removal (medical history, physical examination, 
instrumental and laboratory tests)   

   2.    Risk evaluation process during removal (checking up on all the potential signs 
observed in the previous stages, inspection and palpation of organs and lymph 
node stations, systematic decapsulation of the kidney at the time of removal)     

 In our experience, the guidelines and related protocols have proved to be a vital 
tool to guide healthcare professionals through the large amounts of unfi ltered infor-
mation, often of dubious utility, and help them make their clinical decisions. They 
provide a valuable reference tool for a profession increasingly having to select from 
multiple and variable possible solutions to the same type of problem. Intended as 
general recommendations and scientifi c aids for healthcare professionals, the guide-
lines focus on frequent and signifi cant situations they are likely to encounter. They 
were drawn up through discussions between experts and professionals with support 
from the international literature and are designed to help healthcare professionals 
select the most effective and appropriate solutions to resolve the problems to be 
tackled. 

 The endpoint of the guidelines and related operational protocols is to increase the 
treatment options for patients on the transplant waiting list by using donors who just 
a few years ago would have been rejected but without exposing the recipients to 
unacceptable risks. This is achieved by informing healthcare professionals of the 
most accredited assessment methods already formulated at the scientifi c level and 
validated through the consensus conference system. In this framework, the refer-
ence to  evidence - based medicine  (EBM) must be interpreted as an authoritative 
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invitation to make an informed and well-documented choice from generally accred-
ited diagnostic and treatment pathways and to accurately record the options adopted. 

 The fact remains, however, that in the donation-transplant process, even if health-
care professionals follow the guidelines and good clinical practice, the risk of non-
compliance or of the transmission of disease from donor to recipient is always 
present. With this in mind, the National Transplant Center has set up a group of 
expert clinicians (medical examiner, anatomo-pathologist, infectivologist, immu-
nologist) to supplement the guidelines and good clinical practice. The group is 
available 24 h a day and can be contacted by the network for a second opinion in 
cases where doubts may arise as to the correct interpretation of a case. This pool of 
experts has further helped transmit an enhanced culture of safety throughout the 
system, not least by providing reassurance in doubtful cases. It has also made it pos-
sible to substantially increase the use of donors with evident risk factors. 

 But we did not only provide the network with recommendations as to the optimal 
procedures and conduct to follow. In the knowledge that in the world of transplants 
the best possible outcomes are obtained through procedures that are not just effec-
tive but also, and increasingly, familiar and safe, we felt it necessary to produce 
tools, and introduce them in routine professional practice, that would enable health-
care professionals to identify, classify, and analyze the causes of undesired events. 
With this in mind, we embarked on a quality and safety pathway that has enabled us 
to design a model for recording and classifying adverse events and reactions, i.e., 
those situations which, in the donation and transplant process, are unsatisfactory or 
deviate from the optimal benchmark model. 

 In designing this model, we formulated an analysis pathway starting from a 
description of the principal stages of the donation-removal-transplant process and 
the professionals involved or units participating in the process (Table  3.5 ). This 
enabled us to codify the “supply chain” in all its stages, identify the main problems 
encountered at each stage, and list the consequences of conduct that fails to comply 
with the recommended procedures. We then turned our attention to producing a 
noncompliance assessment and classifi cation matrix based on two variables: 
 Severity  (insignifi cant, minor, moderate, major, catastrophic) and  Probability of 
Recurrence  (unlikely, rare, possible, likely, almost certain) (Table  3.6 ).

    Each of these two variables was assigned a score ranging from 1 to 5 (e.g., for the 
“Severity” variable, insignifi cant = 1, minor = 2, moderate = 3, major = 4, and cata-
strophic = 5). The same principle was adopted for the “Probability of Recurrence” 
variable (unlikely = 1, rare = 2, possible = 3, likely = 4, and almost certain = 5). The 
product of these two variables gives us a score that identifi es the “weight,” or the 
extent, of the adverse event or reaction. 

 The “weight” of each score was then illustrated on a “four-color scale” of green, 
yellow, orange, and red (Table  3.7 ). The green band shows all events that do not 
entail consequences or harm to the patient and which feature only marginal non-
compliance with the procedures, mainly limited to the operational unit involved. 
The yellow band includes events for which only one of the two variables is high, 
with the other insignifi cant or occurring only rarely. The third, orange, band outlines 
a very precise alarm zone where the authorities responsible must adopt appropriate 
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and timely corrective measures since the noncompliance could recur in a more seri-
ous form. The last, red, band includes the highest score produced by the two vari-
ables, where the event has caused serious harm to the patient and/or damage to the 
system.
   The next step was to establish an information channel for the structure concerned to 
inform the competent regional authority (the RTC) of any noncompliance it has 

   Table 3.5    Principal stages in the donation-removal-transplant process and professionals involved   

 Stages of process  Professionals and services involved 

 1. Identifi cation of potential donor  Local coordinator, nurse, intensive care specialist, or other 
professionals 

 2. Diagnosis, verifi cation, and 
certifi cation of death 

 Intensive care specialist and/or local coordinator, medical 
commission (medical examiner, intensive care specialist, 
neurologist) 

 3. Relevant coordination center 
notifi ed of potential donor 

 Intensive care specialist, local coordinator, nurse 

 4. Initial suitability assessment  Intensive care specialist and/or local coordinator, 
coordination authorities (RTC/ITC), second opinion 

 5. Donor maintenance  Intensive care specialist, local coordinator, nurse 

 6. Discussion with family  Intensive care specialist and/or local coordinator, nurse 

 7. Sampling of lymph nodes and/
or peripheral blood for 
immunological profi le 

 Local coordinator, local surgeon, intensive care specialist, 
nurse 

 8. Consultation of lists and 
allocation of organs 

 Coordination authorities (RTC/ITC), transplant centers 

 9. Recipients notifi ed for 
admission 

 Transplant centers, coordination centers, transport centers 

 10. Instrumental and laboratory 
tests (e.g., biopsies, angiography, 
CT angiography, coronary 
angiography, etc.) 

 Intensive care specialist and/or local coordinator, 
diagnostic services, healthcare personnel 

 11. Removal of organs and tissues 
and second suitability assessment 

 Removal surgeons, theater personnel, anesthesiology 
team, coordination authorities, second opinion, 
diagnostics services, consultants 

 12. Back table surgery and third 
suitability assessment 

 Removal/transplant surgeons, any other specialists, 
second opinion 

 13. Transplant  Transplant surgeons, anesthesiology team, diagnostics, 
and laboratory services 

 14. Follow-up  Transplant centers and/or specialist units in patient’s own 
health facility, primary care doctors, nurses, diagnostics, 
and laboratory services 

 15. Logistics  Cross-cutting process applying to all stages. May involve 
more than one health facility (local coordination units, 
regional transplant centers/interregional transplant 
centers, transplant centers, laboratories) 

 16. Management of patient during 
waiting list or posttransplant 
stages 

 Transplant centers, regional coordination centers, 
laboratories, specialist doctors 
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found. After evaluating the case, the RTC forwards the information, using a specifi c 
reporting form, to the national authority (the CNT). For cases in the orange or red 
bands, notifi cation is sent immediately, and the reporting form is accompanied by a 
detailed report on the case. 

 To minimize any subjective elements that might infl uence the allocation of a 
score to a given instance of noncompliance, a group of clinical experts has also been 

   Table 3.6    Matrix for the assessment of the adverse event/reaction and its signifi cance/
consequences   

 Severity  Insignifi cant  No signifi cant impact or harm to the patient, the system, 
or healthcare professionals 

 Minor  No direct repercussions on the patient, the system, or 
healthcare professionals caused by the management or 
procedural error or noncompliance 

 Moderate  Only minor clinical or psychological harm to the patient 
but damage to the system leading to loss of confi dence on 
the part of citizens and healthcare professionals for a 
limited period 

 Major  Direct consequences on the patient which require 
hospitalization and/or extension of hospital stay and/or 
medical or surgical intervention to prevent permanent 
harm. Serious damage to the system, compromising its 
credibility and requiring time for said credibility to be 
restored 

 Severe  Death and/or any other harm causing injury or permanent 
invalidity to the patient or placing his or her life in danger 
(evidence of transmission of infectious or neoplastic 
disease) and/or irreparable damage to the credibility of the 
system 

 Probability of 
recurrence 

 Unlikely  Repetition can essentially be ruled out or would be 
exceptional, given the measures adopted 

 Rare  Event possible but not probable – its occurrence would 
cause surprise and would be the consequence of 
unfavorable circumstances 

 Possible  Situations where the system has objective underlying 
noncompliance that remains latent until a mistake by the 
healthcare professional brings it to light 

 Likely  The system and operating procedures in place show 
shortcomings in their overall framework and management 
that could open the door to the repetition of at-risk 
situations. If no action is taken, there is a high probability 
that this could cause very serious damage 

 Almost certain  Evident and constant management problems intrinsic to 
the organizational framework that are not being addressed 
through preventive or corrective measures. Recurrence is 
inevitable 
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set up. The group includes representatives of the main professions interacting dur-
ing the donation and transplant process. They share their analyses of the event and 
together determine how it should be classifi ed (near miss, adverse event, adverse 
reaction) and allocate the score. The case is then classifi ed on the basis of its type 
and score and shared with the rest of the National Transplant Network with a view 
to raising awareness and disseminating a preventive mind-set with respect to such 
events and an awareness of all the possible corrective measures that can be applied 
to prevent the problem from recurring. 

 This has been an undertaking of enormous signifi cance, in cultural, ethical, and 
social welfare terms – an undertaking through which the National Transplant Center 
and the network in its entirety have sought to identify any circumstances and factors 
that might open the way to potential or actual harm to patients and to apply correc-
tive measures to safeguard their health and well-being.     

Severity

Possible recurrence
Slight

 possible
Possible

Very
possible

Rare Improbable

SCORE 5 4 3 2 1

Severe 5 25 20 15 10 5 Great

Great 4 20 Moderate

Moderate 3 15 12 9 6 3

Minimal 2 10 8 6 4 2

No countable 1 5 4 3 2 1

   Table 3.7    Matrix for the assessment of the adverse event/reaction and allocation of scores       

  Probability of recurrence 
 Pressoché certa = almost certain 
 Molto probabile = likely 
 Possibile = possible 
 Rara = rare 
 Improbabile = unlikely 
 Severity 
 Severa = severe 
 Maggiore = major 
 Moderata = moderate 
 Minore = minor 
 Insignifi cante = insignifi cant  
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  4      The Safety of Donor 

             Antonia     D’Errico     ,     Deborah     Malvi    , and     Francesco     Vasuri   

        Safety during organ recruitment means donor safety and organ safety. Efforts to 
advance transplant safety are ongoing and include improvements to screening tests 
and checks to detect any kind of donor disease and ensure good graft function after 
transplantation. 

 Organ transplantation is the best life-saving treatment for end-stage organ fail-
ure. The current organ donor shortage has led to a progressive increase in patients 
on the waiting lists. Moreover, a long time on the waiting list may result in patients 
deteriorating or dying before receiving a transplant. In view of this, many transplant 
centres worldwide have extended their criteria for organ acceptance. Nowadays the 
donor pool includes older donors, unstable donors, donors with positive viral serol-
ogy and donors with a history of cancer and in some cases with cancer [ 1 ]. 

4.1     Donor Safety: Transmissible Diseases 

4.1.1     Infectious Disease 

 While reports of infections after tissue transplantation are rare, the true rate of trans-
mission is unknown, although it is estimated in <1 % of solid organ recipients. The 
risk of infectious transmission has been correlated to microbiological screening, 
which can vary with national and regional regulations and with the availability and 
performance of microbiological assays used for potential donors. 

 Viral, bacterial, parasitic, prion and fungal infections can be transmitted by 
organs, tissues and cells. Infectious transmissions have often been recognised as 
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clusters of infections among recipients of organs from a common donor. These 
include  Mycobacterium tuberculosis ,  Candida  and  Aspergillus  species, herpes sim-
plex virus and human herpesvirus 8, lymphocytic choriomeningitis virus, rabies 
virus, HIV and HCV. 

 Each infectious disease identifi ed in a donor must be treated before organ recruit-
ment: common infections cured before organ donation do not preclude organ trans-
plant. The use of organs from donors with active or suspected infection refl ects the 
urgency of transplantation, the availability of other organs and the recipient’s 
informed consent. 

 The common screening tests are HBV serology, HIV, HCV,  Toxoplasma , CMV, 
EBV panel, herpes simplex virus, varicella-zoster virus antibodies and nontrepone-
mal and treponemal testing. Variations in national guidelines are mainly related to 
available resources and technologies in the different countries. 

 General exclusion criteria are rabies, active tuberculosis, HIV or HTLV infec-
tion, West Nile virus infection and uncontrolled sepsis. Increased-risk donors 
include all individuals with uncontrolled sexual behaviour, drug abusers, donors 
previously treated with human-derived clotting factor concentrates and the prison 
population. These donors can be considered in a “window period” with very low 
antibody titres and have to be tested by highly sensitive and specifi c microbiological 
assays, such as viral nucleic acid tests [ 2 – 5 ].  

4.1.2     Neoplastic Diseases 

 The transmission of malignancies is a well-recognised complication of transplanta-
tion from donors with and without a history of cancer. The employment of older 
donors has increased the risk of inadvertent cancer transmission. Donor- transmitted  
tumours are those that existed in the donor at the time of transplantation. Donor- 
derived    tumours are de novo tumours that develop in transplanted donor cells. 
Donor- transmitted  tumours could be prevented by meticulous donor evaluation. 

 During the last 10 years, there has been a progressive decrease in the transmis-
sion of malignancies, due to the stringent application of guidelines during organ 
procurement and removal. In 2002 the OPTN/UNOS estimated the risk of cancer 
transmission to be 0.01 % [ 6 ]. In the UK, among 39,765 graft recipients, Desai et al. 
[ 7 ] reported a donor-transmitted cancer in 15 patients (0.05 %) from 13 donors. In 
no case was cancer detected at the time of transplantation. 

 Each donor should be investigated for smoking or other cancer related risk factors. 
If a history of cancer is reported, it is necessary to know the histological diagnosis 
and the type of tumour, its grading and staging, and the donor’s treatment and follow-
up. If the donor is a childbearing woman who died from intracranial haemorrhage or 
had a history of uterine bleeding, all tests to exclude choriocarcinoma must be per-
formed. All donors with intracranial haemorrhage without evidence of arterial hyper-
tension or aneurysms must be evaluated for possible brain metastasis; in some cases, 
an intraoperative brain biopsy may be required. A meticulous check of the donor’s 
skin can reveal scars or skin lesions suspect for melanoma or a previous melanoma. 
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 Italian guidelines (  www.trapianti.salute.gov.it    ), the Council of Europe [ 5 ], 
Nalesnik et al. [ 8 ], and the UK Advisory Committee on the Safety of Blood, Tissues 
and Organs have defi ned risk categories for donor tumour transmission. A sug-
gested approach to donor utilisation has been given for each category, recognising 
the emergent circumstances and clinical urgency. A careful evaluation of the donor 
before and during organ recruitment is always recommended: [ 5 ] palpation of the 
abdominal organs and lungs, immediate frozen sections of any suspected lesions 
and preoperative echography of the liver and the kidneys must be performed [ 9 ]. 

 The risk profi le in the different experiences can be summarised as no signifi cant 
risk (standard risk), minimal risk, low to intermediate risk, high risk and unaccept-
able risk. Defi nition of a risk profi le in neoplastic donors is the basis of a careful 
screening system designed to minimise or remove the risk of cancer transmission 
from the transplantation process.   

4.2     Solid Organ Tumours and Risk Assessment 

 Skin basal cell carcinomas and in situ epithelial carcinomas of many organs may be 
generally accepted as no-risk tumours. The only exception is high-grade in situ 
carcinoma of the breast, because this tumour can be understaged, particularly dur-
ing organ procurement as frozen section may fail to detect foci of microinvasive 
carcinoma. 

 Renal cancer is the most common tumour detected during organ removal. Many 
literature reports suggest that I–II/IV Fuhrman grade renal cell carcinoma up to 
4 cm (pT1a) shows a very low risk of cancer transmission [ 5 ]. 

 In 2005 Buell et al. [ 10 ] reported to the Penn Tumour Registry that of 14 known 
cases of intentional transplant of kidneys with excised tumour (mean diameter 
2.0 cm), there was no cancer transmission in the recipients at a mean of 69 months 
(range 14–200 months). 

 Transmission of kidney carcinoma has been described, although in some cases it 
was due to the use of organs from donors with high-stage tumours or an organ con-
taining a tumour [ 11 ,  12 ]. In other cases, an incomplete histological report or the 
lack of molecular tests failed to demonstrate donor-recipient neoplastic transmis-
sion [ 13 ,  14 ]. 

 The diagnosis of renal carcinoma during organ recruitment needs a team of 
pathologists with expertise in the fi eld of kidney tumour pathology. The differential 
diagnosis between oncocytoma and chromophobe carcinoma can be extremely dif-
fi cult on frozen section; oncocytoma is a benign kidney tumour, while chromophobe 
carcinoma can metastasize. Donors with kidney tumours more than 4 cm in size are 
generally not accepted for organ donation [ 5 ]. 

  Thyroid Tumours     Some very early types of thyroid carcinoma, such as encapsu-
lated papillary or micropapillary carcinoma, may be considered a standard risk.  
  Prostate Cancer     The incidence of prostate cancer increases with age, and the use 
of older donors includes an increased risk of identifying this cancer during organ 
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recruitment. PSA evaluation does not have a pivotal role because its values can be 
modifi ed by ischaemia and manual procedures during catheterism.  

 There is no consensus on the procedure to follow for donors with prostate cancer. 
Some countries consider donors with prostate cancer an unacceptable risk for donation, 
whereas others (e.g. Italy [ 15 ]) consider donors with small intraprostatic low- grade 
(Gleason score ≤6) tumours a standard risk, while those with intraprostatic tumours 
with a Gleason score 7 are considered nonstandard risk. Histological examination of 
the entire prostate with tumour grading is time-consuming, and results may not be 
available before transplantation. A careful individual risk-benefi t assessment must be 
undertaken. Donors with extraprostatic tumour extension or prostate cancer-related 
metastatic disease should be unequivocally excluded from the donation process. 

  Lung Carcinomas     Lung cancer transmission from donor to recipients has been 
reported in the literature. In some cases the cancer (high-grade bronchogenic carci-
noma) was identifi ed at autopsy [ 16 ]. In others lung cancer transmissions were 
reported although the clinical history, biological behaviour [ 17 ] and the check of 
thoracic organs during organ recruitment [ 18 ] were not well described.  

 Generally, infi ltrating non-small cell and small cell lung carcinomas are very 
aggressive tumours, and donors harbouring lung carcinomas should be considered 
an unacceptable risk for donation [ 5 ]. 

  Gastrointestinal Adenocarcinoma (Stomach, Colon, Pancreas)     Carcinomas of 
the gastrointestinal tract and pancreas tend to give rise to metastases. The use of 
organs from donors with pt2 pT3 tumours is generally unacceptable. In the case 
of pT1 tumours, the incidence of lymph node metastasis is very low, and 
a risk-benefi t analysis is required.  

 Highly aggressive tumours include melanoma and choriocarcinoma. Melanoma 
is the most commonly transmitted tumour causing distant metastasis [ 19 ,  20 ] and 
death in organ recipients. The high rate of donor transmission of melanoma might 
be related to its biology, with regard to tumour dormancy, late recurrence, circulat-
ing tumour cells, circulating micrometastases or tumour cells lodged in the trans-
planted organs [ 20 ]. Melanoma cells can remain dormant at distant sites for decades 
(and possibly forever) in immunocompetent patients, only to be reactivated after 
transplantation into an immunosuppressed recipient. 

 These factors can explain donor-recipient melanoma transmission 16 years [ 21 ] 
and 32 years [ 22 ] after treatment and apparently cured melanoma in the donor. 
Donors dying from brain haemorrhage without a recognised cause need great atten-
tion during organ procurement. Knowledge of the clinical history and careful exam-
ination of the skin to identify scars or pigmented lesions can help discard an organ 
at high risk of melanoma transmission. 

 Choriocarcinoma must always be considered in the group of unacceptable risk. 
Any cerebral haemorrhage in a woman of childbearing age requires tests to rule out 
a diagnosis of choriocarcinoma metastasis [ 5 ]. 

  Haematopoietic Malignancies     Donors with leukaemia or lymphoma have to be 
considered in the group of unacceptable risk. In France donors with a history of 
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acute leukaemia can be considered for donation if the disease was completely cured 
at least 5–10 years before donor evaluation [ 5 ].  

  Tumours of the Central Nervous System     CNS tumours carry a low risk of extra-
neural spread (0.4–2.3 %) [ 23 ]. The UNOS registry reported no cases of tumour 
transmission in a series of 397 donors with a history of CNS tumours who donated 
organs to 1,220 recipients [ 24 ]. Analysing data from 2000 to 2005, a subsequent 
paper by the same group reported 1 tumour transmission to 3 recipients in a series 
of 642 donors with a history of primary brain tumour including 175 organs from 
patients with glioblastoma multiforme. It should be kept in mind that during the 
same period 39,519 patients died on the waiting list [ 25 ,  26 ].  

 A retrospective analysis of UK Transplant Registry data showed that none of the 
177 donors with primary intracranial malignancy transmitted the malignancy to the 
448 recipients who received their organs. Many of these donors had high-grade 
tumours, including 23 grade IV gliomas (glioblastoma multiforme) and 9 with 
medulloblastoma who provided organs for 85 traceable recipients [ 27 ]. 

 Nonetheless at least 30 cases of CNS tumour transmission are reported in the 
literature. Glioblastoma multiforme and medulloblastoma are the CNS malignancy 
tumours most often transmitted to the kidney and liver recipients [ 28 ,  29 ]. 

 Although the risk of using organs from donors where there may be a low or even 
intermediate risk of disease transmission increasingly needs to be balanced against 
the likelihood of death on the transplant waiting list [ 30 ], safety in organ donation 
is paramount. The use of organs from donors with aggressive tumours should only 
be considered in cases of life-threatening emergency for the recipient. 

 If tumour transmission occurs, it is necessary to determine the imputability or 
certainty of donor tumour transmission. All the transplantation centres involved 
must be notifi ed, and an appropriate evidence-based surveillance system is built and 
applied. 

4.2.1     Organ Safety 

 The histological evaluation of donor liver and kidney biopsies is discussed in 
Section II-12 and Section III-22, respectively.      
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  5      Medical Disease After Abdominal Solid 
Organ Transplantation and the Risk 
of Solid and Hematologic Malignant 
Tumor After Transplantation 

             Maria     Cristina     Morelli    

5.1            Summary 

 Solid organ transplantation is the treatment of choice for selected patients with end- 
stage organ insuffi ciency, improving long-term survival, enhancing quality of life, 
and proving cost benefi t. Currently, the survival of patients after kidney and liver 
transplantation exceeds respectively 80 and 70 % after 5 years, associated in the 
majority of cases with a good quality of life [ 1 ]. While in the early postoperative 
period the main causes of morbidity and mortality are related to the primary organ 
dysfunction, surgical complications, or postoperative infection, in the long term, 
they are mainly related to the emergence of disorders linked to immunosuppressive 
therapy side effects or to primary disease recurrence [ 2 ]. 

 Although rejection is an early event, usually in the fi rst months posttransplanta-
tion, the majority of patients will require immunosuppression for life. The drugs 
most commonly used in induction and in maintenance are calcineurin inhibitors 
(cyclosporine and tacrolimus) in combination with steroids or mycophenolate 
mofetil. 

 Another class of immunosuppressants used in association with or in substitution 
of calcineurin inhibitors are mTOR inhibitors (rapamycin and everolimus) that, 
among others, have the ability to inhibit angiogenesis and tumor cell growth by 
blocking the action of mTOR, a protein involved in cell growth regulation and pro-
liferation [ 3 ]. 

 Monitoring immunosuppressive drug blood levels is a key point in the manage-
ment of patients after solid organ transplantation in order to minimize the potential 
adverse effects; in addition, whenever a new medication is prescribed, it is necessary 
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to know its interactions with immunosuppressant drugs. Table  5.1  summarizes the 
main characteristics of immunosuppressants and the most frequent side effects.

   A recent prospective study from the NIDDK Liver Transplantation Database 
showed that the probability of death after liver transplantation can be divided in 
three different phases: the fi rst 6 months with a higher mortality (11 %) related to 
graft dysfunction and postoperative complications, the second between 6 months 
and 8 years with a relatively low and stable mortality rate (2–5 %/year), and a third 
after 8 years with an increasing mortality (6–7 %/year) in which the leading causes 
of late deaths are malignancy, cardiovascular disease, and renal failure. Likewise in 
the kidney transplant setting, cardiovascular disease (CVD) is the leading cause of 
death after transplantation and death with a functioning graft [ 4 ]. However, careful 
management of potentially modifi able risk factors such as metabolic syndrome, car-
diovascular diseases, and renal insuffi ciency may improve long-term survival.  

5.2     Metabolic Syndrome 

 The National Cholesterol Education Program’s Adult Treatment Panel III report 
(ATP III) identifi ed metabolic syndrome (MS) as a multiplex risk factor for cardio-
vascular disease (CVD). Clustering of metabolic abnormalities such as hyperten-
sion, dyslipidemia, elevated fasting blood glucose, and obesity is known as the 
metabolic syndrome (MS). Criteria of ATP III are shown in Table  5.1 ; diagnosis of 
MS can be made when at least three of fi ve of the listed components are present. 
Abdominal obesity, recognized by increased waist circumference, is the fi rst crite-
rion listed. Also listed are raised triglycerides, reduced HDL cholesterol, elevated 
blood pressure, and raised plasma glucose. Explicit demonstration of insulin resis-
tance is not required for diagnosis; however, most persons meeting ATP III criteria 
will be insulin resistant [ 5 ]. 

    Table 5.1    Immunosuppressive drugs: main adverse effects   

 Adverse effect  Cyclosporine  Tacrolimus  Steroids  Aza 
 Mycophenolate 
mofetil 

 Sirolimus- 
everolimus  

 Arterial 
hypertension 

 +++  ++  +++  −  −  + 

 Hyperglycemia  −  +  +++  −  −  − 

 Hyperlipidemia  ++  +  ++  −  −  +++ 

 Impaired wound 
healing 

 −  −  +  +  +  ++ 

 Nephrotoxicity  +++  +++  −  −  −  Proteinuria 

 Neurotoxicity  ++  −  −  − 

 Myelosuppression  +  +  −  +++  +++  ++ 

 Osteoporosis  +  +  +++  −  −  − 

 Oral ulcers 

 Gastrointestinal  +  +  +  −  +++  ++ 
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 MS is common among liver transplant recipients before and after transplantation. 
In the pre-transplant phase, the prevalence of MS can vary from 29 % in patients with 
cryptogenetic cirrhosis to 8 % in patients with end-stage liver disease caused by other 
etiologies [ 6 ]. Furthermore, the frequency of non-alcoholic fatty liver disease (NAFLD) 
as the indication for liver transplantation has been steadily increasing in recent years 
in all countries, and, in this population, obesity and diabetes are common features in 
patients awaiting liver transplant. In the kidney transplant setting, MS is a common 
condition after transplantation; the ALERT core study including 1,706 patients found 
that over 30 % of the recipients had MS criteria at entry [ 7 ]. After transplant many 
factors, primarily immunosuppression, contribute as a strong promoter of metabolic 
syndrome that develops in up to two-thirds of patients within the fi rst fi ve postopera-
tive years. The most common metabolic side effects of immunosuppressive drugs are 
shown in Table  5.2 . Other factors contribute to maintaining and raising the prevalence 
of metabolic syndrome after transplant, principally physical inactivity. Solid organ 
recipients are mostly sedentary, and most of them do not engage in work activity. 
Many studies revealed that transplant survivors had lower physical scores than the 
general population of the same age [ 8 ]. Calorie consumption, principally consisting of 
fat and carbohydrates, rises over the years after liver transplantation. Rising calorie 
intake combined with low physical activity contributes to the high prevalence of meta-
bolic syndrome. Cirrhotic liver recipients lose lean mass in the pre-transplant period; 
the low levels of physical activity thereafter contribute to the reduction of lean mass 
and body water composition observed over the years. Other factors such as hepatitis 
C infection or methylprednisolone boluses are independent risk factors for the devel-
opment of diabetes. As regards the function of the kidney graft, a recent study revealed 
that metabolic syndrome was associated with increased risk of graft failure [ 7 ].

5.3        Obesity 

 The WHO categorizes obesity according to BMI (overweight = BMI 25–29.9 kg/m 2 , 
class I = BMI 30–34.9 kg/m 2 , class II = BMI 35–39.9 kg/m 2 , class III = BMI >40 kg/m 2 ). 
Abdominal obesity, typically manifesting as increased abdominal girth, is more met-
abolically active than peripheral adipose tissue; this feature has been associated with 

  Table 5.2    ATPIII clinical 
identifi cation of metabolic 
syndrome  

 Risk factor  Defi ning level 

 Abdominal obesity as waist circumference 

   Men  >102 cm 

   Women  >88 cm 

 Triglycerides  ≥150 mg/dl 

 HDL cholesterol 

   Men  <40 mg/dl 

   Women  <50 mg/dl 

 Blood pressure  ≥130/≥85 mmHg 

 Fasting glucose  ≥110 mg/dl 
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a higher risk of   cardiovascular disease     than peripheral obesity [ 9 ]. Recent studies 
described that over one-third of patients with decompensated cirrhosis are obese. In 
addition, NAFLD-related cirrhosis as an indication for liver transplant has been 
shown to continue to increase over time. In a large study published in 2005, the 
5-year mortality was signifi cantly higher both in the severely and morbidly obese 
subjects ( P  < 0.05), mostly as a result of adverse cardiovascular events concluding 
that morbid obesity should be considered a relative contraindication for liver trans-
plantation [ 10 ]. Subsequent studies analyzed the confounding effect of ascites show-
ing that correcting for ascites volume, 20 % of patients move into a lower BMI 
classifi cation; these studies concluded that corrected BMI is not independently pre-
dictive of patient or graft survival and obesity “per se” should not be considered a 
contraindication for liver transplantation [ 11 ]. In the kidney transplant setting, almost 
60 % of recipients are overweight at the time of transplantation, representing a 116 % 
increase from 1987. Indeed, in many transplant centers, a BMI of 35 kg/m 2  or greater 
is a common reason to exclude patients from transplantation. Despite this, the impact 
of obesity on patient and graft survival remains controversial [ 12 ].  

5.4     Dyslipidemia 

 The prevalence of hypercholesterolemia after solid organ transplantation rises to 
43 % and hypertriglyceridemia to 40 %, while in 10–12 % dyslipidemia is charac-
terized by an increase of cholesterol and triglycerides. The etiology of posttrans-
plant hyperlipidemia is multifactorial; the main causes are increased appetite, 
obesity, and high prevalence of de novo diabetes and chronic renal failure; these 
factors are associated with the lipid-increasing effect of immunosuppressive ther-
apy. CsA, tacrolimus, and rapamycin enhance lipolysis and inhibit lipid storage and 
expression of lypogenic genes in adipose tissue, which may contribute to the devel-
opment of dyslipidemia and insulin resistance associated with immunosuppressive 
therapy. Steroids increase the excretion and hepatic VLDL conversion to 
LDL. Dyslipidemia is a well-known risk factor for cardiovascular diseases and is 
associated with reduced graft and patient survival in transplant recipients [ 13 ].  

5.5     Hypertension 

 Hypertension is defi ned as the development of arterial pressure values ≥140/90 in a 
previously normotensive patient. Systemic arterial hypertension is a major complica-
tion in organ transplantation, reaching a prevalence of between 60 and 90 % during 
treatment with calcineurin inhibitors 10 years after transplantation; 20 % of patients 
require treatment with more than one drug [ 14 ]. Therapy with calcineurin inhibitors 
and steroids is the main cause of hypertension; cyclosporine is associated with increased 
production of renin and angiotensin; both calcineurin inhibitors cause increased syn-
thesis of vasoconstrictor factors such as endothelin and reduced secretion of vasodila-
tors prostacyclin and nitric oxide. Steroids increase the activity of the renin-angiotensin 
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system and the vasoconstrictor response to norepinephrine and angiotensin II. In view 
of the risk of cardiovascular events in organ transplant patients, the blood pressure 
values recommended for the treatment of arterial hypertension are ≥130/80 mmHg and 
≥125/75 mmHg in diabetic patients with proteinuria or renal insuffi ciency.  

5.6     Diabetes 

 Cirrhotic patients frequently develop glucose intolerance and diabetes caused by 
insulin peripheral resistance, with reduced glycogen synthesis and impaired glucose 
oxidation [ 15 ]. Many patients will either remain diabetic or develop new-onset dia-
betes (NOD) after liver transplant. 

 Immunosuppressive therapy and HCV infection are the main risk factors related 
to post-liver transplant new-onset diabetes. Denervation of transplanted liver may 
contribute to the increase in insulin resistance. The incidence of preexisting diabetes 
as well as new-onset diabetes after renal transplantation (NODAT) varies from 
study to study and ranges from approximately 2–25 % with current immunosup-
pression, but with more diabetogenic immunosuppressive therapy, the incidence of 
diabetes may appear earlier after transplantation and can even rise to 46 % [ 16 ]. 

 Corticosteroids decrease pancreatic beta-cell insulin production, increase gluco-
neogenesis, and decrease peripheral glucose utilization. In general, immunosup-
pression with calcineurin inhibitors leads to impaired glucose tolerance, and 
treatment with tacrolimus is associated with a higher risk of developing NODAT 
than treatment with cyclosporine [ 16 ]. Fasting glucose has a low sensitivity for 
diagnosing posttransplant diabetes mellitus (PTDM); therefore, the cutoff at 
100 mg/dl for impaired fasting glucose seems more appropriate than 110 mg/dl. At 
present, the oral glucose tolerance test (OGTT) is considered the gold standard for 
diagnosing PTDM [ 17 ]. Regular monitoring of fasting blood glucose and OGTT, at 
least every 3 months, is strongly advised. Glycosylated hemoglobin assay (HbA1c) 
should be performed periodically after the third posttransplant month; HbA1c 
5.7–6.4 % or higher indicates the need to follow up with a recognized diagnostic test.  

5.7     Cardiovascular Disease (CVD) 

 Although renal transplantation substantially reduces cardiovascular risk, CVD 
remains the most important cause of morbidity and mortality. CVDs are the third 
most common late cause of death also in liver transplantation, accounting for 
12–21 % of deaths; this may be an underestimation since some deaths characterized 
as “unknown” include sudden cardiac deaths. Detection and early treatment of risk 
factors of cardiovascular disease may impact long-term posttransplant survival. 
A recent meta-analysis showed that the 10-year risk of developing CV events among 
the post-OLT recipients was 13.6 % with a 64 % greater risk of experiencing CV 
events than controls. Liver recipients with metabolic syndrome were approximately 
four times more likely to have a CV event [ 18 ].  

5 Medical Disease After Abdominal Solid Organ Transplantation and the Risk



88

5.8     Recommendations for Management of Metabolic 
Syndrome and Cardiovascular Diseases 

5.8.1     Lifestyle Control 

 For many obese patients, sustained weight loss and exercise are unfortunately diffi cult 
to achieve, particularly in the setting of liver transplant recipients. Many patients 
remain sedentary after transplant, only a quarter are physically active after transplant, 
and up to two-thirds were found to have a higher than recommended energy intake. A 
single randomized trial evaluated the effects of exercise and dietary counseling after 
transplantation. An improvement in cardiorespiratory fi tness and quality of life was 
reported in the intervention group, but no changes were noted in body composition or 
muscle strength. The primary aim of counseling should be to prevent weight gain rather 
than the treatment of the metabolic syndrome when it has already occurred [ 19 ,  20 ,  21 ].  

5.8.2     Immunosuppression Management 

 Modifying immunosuppression can improve blood pressure and glycemic and lipid 
profi le. When possible, achieving steroid-free regimes should be the primary inter-
vention in order to reduce the prevalence of diabetes, hypertension, and hypercho-
lesterolemia. Only a minority of patients require maintenance corticosteroids, which 
can and should be discontinued well before the end of the fi rst postoperative year. 
Compared to cyclosporine, tacrolimus is associated with a decreased risk of hyper-
tension but is associated with an increased risk of diabetes. Introducing mycophe-
nolate mofetil (MMF) with low doses of calcineurin inhibitors ameliorates 
hypertension, diabetes, and renal function with a low risk of rejection. Conversion 
from CNI to mTOR-based immunosuppression can reduce hypertension and diabe-
tes but is associated with onset or worsening of dyslipidemia. Mainly, there is no 
ideal immunosuppressive regimen in patients with metabolic syndrome, but the 
modulation and the use of a combination of drugs at low dose is probably the best 
way to mitigate the side effects of immunosuppressive therapy.   

5.9     Pharmacotherapy 

5.9.1     Hypertension 

 Calcium channel blockers (CCBs) (nifedipine, nicardipine, and amlodipine) are 
usually the fi rst-line antihypertensive agents in solid organ transplantation, whereas 
diltiazem and verapamil are diffi cult to manage for interaction with calcineurin 
inhibitors. CCBs lower BP independent of age, gender, ethnicity, and salt intake. 
This class induces vasodilation and counteracts the vasoconstrictive effects of 
CNIs [ 22 ]. The activation of the renin-angiotensin-aldosterone system (RAAS) 
plays an important role in the late period after transplantation; therefore, 
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angiotensin-converting- enzyme inhibitors or angiotensin receptor blockers are 
suggested especially in the late period of transplant or early in the presence of 
proteinuria or in combination with calcium channel blockers. RAAS block is an 
important factor in HTN treatment in the renal transplant patient, particularly those 
with diabetes and proteinuria [ 23 ]. Regarding beta-blockers, a recent comparative 
study between nifedipine and carvedilol showed no difference between the two 
drugs but only 20 % of patients achieved effective blood pressure control with 
monotherapy, with a higher rate of response of nifedipine and ACE inhibitor com-
bination versus a beta-blocker and ACE inhibitor.  

5.9.2     Diabetes 

 There are no comparative studies on the effectiveness of different oral hypoglyce-
mic agents after liver transplantation, and the choice should be focused on the indi-
vidual clinical characteristics. Metformin can be used but is contraindicated in 
patients with creatinemia >1.5 mg/dL in males and >1:25 mg/dl in females due to 
the risk of developing lactic acidosis. 

 The glitazone side effects such as weight gain, edema, and anemia make them 
diffi cult to use in liver transplant recipients, and they are contraindicated in liver 
failure. If oral hypoglycemic agents are contraindicated or ineffective to maintain 
fasting blood glucose <120 mg/dL or glycosylated hemoglobin <7 %, then insulin 
treatment should be started.  

5.9.3     Dyslipidemia 

 If an improvement in the lipid profi le is not obtained after 6 months of a low- 
cholesterol diet and increasing aerobic physical activity, then hypolipidemic agents 
are required. Therapy with statins is particularly problematic due to the risk of inter-
action with calcineurin inhibitors and mTOR inhibitors. The risk of drug interac-
tions is diminished with pravastatin and fl uvastatin, which are only partially 
metabolized by human cytochrome P450 3A. Treatment with statins should be 
started with low doses and preferentially with those at a lower risk of interaction 
with immunosuppressive therapy. Monitoring of CPK, AST, and ALT over time is 
required. Ezetimibe has recently been shown to be effective and safe in patients 
undergoing liver transplantation. Fibrates are contraindicated in renal failure and in 
combination with statins and calcineurin inhibitors [ 24 ].   

5.10     Renal Insufficiency in Nonrenal Organ Transplantation 

 Chronic renal failure is one of the most frequent complications of nonrenal organ 
transplantation. Renal insuffi ciency/failure occurred in over 68 % of patients in the 
posttransplant period and was shown to be an important risk factor for late death. 
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The 5-year risk of chronic renal failure (defi ned as a glomerular fi ltration rate of 
29 ml per minute per 1.73 m 2  of body surface area or less) varied according to the 
type of organ transplanted and reaches 18 % in liver transplant recipients; the preva-
lence of end-stage renal failure which requires dialysis or kidney transplantation in 
this population is about 4 %. Renal failure has a high impact on the outcome of 
transplant. In particular, the onset of end-stage renal disease requiring hemodialysis 
in the liver recipient leads to a marked reduction in survival [ 25 ]. Older age, pre-LT 
RI, pre- and post-LT diabetes, and ALD are strongly associated with renal insuffi -
ciency after liver transplantation and should be identifi ed in liver recipients who 
may benefi t from combined liver kidney transplantation. Although the development 
of chronic renal failure is a late event in the natural history of liver transplant 
patients, it has already been shown that 25–50 % of kidney function is lost in the 
fi rst year posttransplant, during the period of higher doses of immunosuppressive 
drugs. In particular, the reduction of renal function is greater in the fi rst 3 months 
posttransplant, followed by a continuous decline (about 5 % per year), demonstrat-
ing the progression of renal damage despite the reduction of the immunosuppressive 
strain. Posttransplant renal failure may be manifested by features of acute renal 
failure, which occurs in the immediate postoperative period, or chronic renal dis-
ease, which in the majority of cases develops between 5 and 10 years after 
transplantation. 

 Acute renal failure is characterized in about half the cases by acute tubular 
necrosis. The most common causes are renal ischemia related to episodes of 
hypovolemia or sepsis in the peri- and postoperative period and the use of calci-
neurin inhibitors. Acute nephrotoxicity from calcineurin inhibitors is a reversible 
and dose- independent phenomenon caused principally by the increased synthesis 
or release of vasoconstrictor factors such as endothelin and reduced synthesis or 
release of renal vasodilator factors such as prostacyclin [ 26 ]. As regards chronic 
renal failure, the most important pathogenic factor is the nephrotoxicity of calci-
neurin inhibitors. The protracted vasoconstriction induced by these drugs, together 
with their direct toxic effects, leads to irreversible histological changes such as 
thickening of the arteriolar walls with narrowing and obstruction of the lumen, 
glomerulosclerosis, tubular atrophy, and interstitial fi brosis. Chronic nephrotoxic-
ity from calcineurin inhibitors is therefore a phenomenon not dose dependent and 
not totally reversible. 

5.10.1     Prevention and Treatment 

 In recipients at risk of developing acute renal failure, such as those with hepatorenal 
syndrome or in critically ill patients with high MELD score, the delay of calcineurin 
inhibitor introduction may be advised. Pilot studies have shown that immunosup-
pressive induction with anti-interleukin-2 receptor antibodies (basiliximab and 
daclizumab) to delay CNI administration may be an option [ 27 ]. 
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 In patients at high risk of chronic renal failure after transplantation, nephropro-
tective strategies should be adopted as early as possible. Primarily, the control of 
those factors which may contribute to kidney damage, such as hyperglycemia, 
hypertension, or HCV infection, is essential. Changes of immunosuppression 
range from CNI reduction to CNI-free regimens. Combined mycophenolate 
mofetil (MMF) and minimal dose CNI treatment leads to an improvement in renal 
function without an increased risk of rejection [ 28 ,  29 ]. As regards regimens CNI-
free, the few published prospective randomized studies investigated the mTOR 
inhibitor- based immunosuppression. In a recent prospective study including 
21 patients with chronic renal dysfunction, CNI discontinuation was feasible in 
95.2 % of patients who were converted to everolimus. Kidney function signifi -
cantly improved at day 30, but failed to show an advantage 3 and 6 months post-
conversion [ 30 ].   

5.11     Risk of Solid and Hematologic Malignant Tumors After 
Transplantation 

 The fi rst important information on malignancies after solid organ transplantation 
comes from the Israel Penn International Transplant Tumor Registry published in 
the New England Journal of Medicine in 1990; from the analysis of 5,250 tumors 
that occurred in 4,993 patients, evidence has accumulated that organ transplanta-
tions are complicated by an increased incidence of certain types of tumor [ 31 ]. De 
novo solid malignancies are the second leading cause of late mortality in patients 
undergoing solid organ transplantation, accounting for over 25 % of deaths in 
patients surviving more than 3 years after transplantation [ 32 ,  33 ]. The risk of 
developing de novo malignancies in transplant patients is generally two to three 
times higher than that of the general population. Nonmelanoma skin cancer is the 
most frequent tumor detected after solid organ transplantation. Skin cancers usu-
ally have a histological distribution different from that of the non-transplanted 
population with a prevalence of squamous cell carcinomas compared to basal; the 
prevalence of the former is 40–250 times higher than that of the general popula-
tion. The increased risk of de novo malignancy is particularly relevant for cancers 
related to viral infections, such as non-Hodgkin lymphomas (posttransplant lym-
phoproliferative disease (PTLD)), Kaposi’s sarcoma, and cervical cancer. Non-
Hodgkin lymphoma is the second most common cancer after transplantation; the 
lack of immune control against Epstein-Barr virus (EBV) infection is the princi-
pal cause of PTLD, especially for children who experience primary EBV infec-
tion after transplantation. The 5-year cumulative incidence ranges from 0.09 to 
3.28 % across categories of sex, age, and transplanted organs; in particular, the 
incidence was high among the youngest patients for all solid organ recipients. 
Lung cancer is the next most common malignancy among heart and lung recipi-
ents, and it seems related to smoking as a factor implicated in end-stage heart and 
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lung disease. In lung recipients, cancer is most often diagnosed in the remaining 
native lung. Like lung cancer in lung recipients, kidney cancer is most common in 
kidney recipients and frequently arises in the native kidneys in association with 
acquired polycystic kidney disease [ 34 ]. The cumulative incidence of colorectal 
cancer was also high after transplantation, particularly for older recipients aged 
>50 years. 

 There are no data of an increased incidence compared to the reference population 
regarding prostate and breast cancer. It should be noted that some types of cancer 
are associated specifi cally with the etiology of the disease that led to transplanta-
tion. In particular, there is a signifi cant increase in the risk of colorectal cancer in 
patients undergoing liver transplantation for primary sclerosing cholangitis associ-
ated with ulcerative colitis. Another group at high risk of de novo malignancy is that 
of patients transplanted for alcoholic cirrhosis in which there is a high prevalence of 
oropharynx and lung cancers. The frequent association of alcohol abuse with smok-
ing refl ects what has already been known in non-transplanted populations in terms 
of cancer risk. 

5.11.1     Recommendations 

 Optimization of immunosuppressive therapy regimens avoiding overdoses or too 
strong immunosuppression is the fi rst intervention strategy, mainly in long-term 
care. The use of mTOR inhibitors associated with a lower incidence of skin can-
cers is already confi rmed in patients with renal transplantation. Early surveil-
lance of viral load in serologically EBV- or HHV-8-negative recipients who 
received organs from donors EBV or HHV-8 positive is strongly advised. 
Lifestyle intervention with smoking and alcohol intake suspension is recom-
mended, as is reducing exposure to sunlight without protection. Regarding can-
cer prevention, Table  5.3  reports the main screening recommendations for organ 
transplant population.

   In addition, ultrasound screening may be cost-effective for high-risk subgroups 
of kidney recipients, such as those with acquired polycystic kidney disease, a family 
history of kidney cancer, or tobacco use [ 35 ].      

   Table 5.3    Cancer screening recommendation for organ transplant population   

 Skin cancer  Annual dermatologist control 

 Breast cancer  Annual mammography in women aged 40 years or 
older 

 Colon cancer  Colonoscopy every 5 years in people aged >50 years 

 Annual colonoscopy in PSC recipients 

 Prostatic cancer  Annual urological control 

 Uterine cervix cancer  PAP test every 2 years 

 Recipient transplanted for alcoholic 
cirrhosis 

 Annual otolaryngologist control and gastroesophageal 
endoscopy 
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        The list of indications for liver transplantation (LT) includes irreversible causes of 
end-stage liver disease which are curable by the procedure. More than a decade ago, 
the American Association for the Study of the Liver Disease (AASLD) established 
minimal listing criteria for patients with end-stage liver disease. To qualify for wait-
ing list, the 1 year expected survival should be <90 % without LT. Liver transplanta-
tion should lead to prolonged survival and/or an improved quality of life [ 10 ]. 
Indications can be segregated into two classes: (1) acute conditions leading to a 
rapid and irreversible liver failure and (2) chronic diseases that can lead to liver 
failure and/or complications of end-stage liver disease. In the present introduction, 
causes of acute liver failure were discussed, whereas in the following chapters, each 
indication for LT was reported and analyzed. 
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6.1     Acute Liver Failure 

 Acute liver failure (ALF or fulminant hepatic failure) is characterized by the rapid 
progress of encephalopathy, jaundice, and coagulopathy. It accounts for 5–6 % of all 
patients undergoing liver transplantation [ 1 ]. Acetaminophen toxicity is the leading 
cause of ALF in Western countries, and hepatitis A, E, and B and seronegative hepa-
titis represent other frequent etiological factors. Patients who meet the King’s College 
criteria (Table  6.1 ) for urgent transplantation provide a very small window for action, 
and they need to undergo transplantation, as soon as possible. There is a 100 % per-
cent mortality if these selected patients do not undergo transplantation, and this is 
either due to liver failure per se or because of sepsis and multiorgan failure [ 2 ]. 
A meta-analysis published in 2003 indicated that the specifi city of the King’s College 
criteria in predicting mortality exceeded 90 %, with a sensitivity of 69 % [ 3 ].

   Patients with subacute failure have a poor outcome with almost universal mortal-
ity if not transplanted. Timely referral is important in these patients because in the 
absence of transplantation, death may occur from sepsis and cerebral edema. Other 
scoring systems for listing a patient for urgent liver transplantation include Clichy 
criteria for acute viral hepatitis and Wilson’s prognostic index/revised Wilson’s 
prognostic index (Table  6.2 ) [ 4 – 7 ].

6.1.1       Indications for Transplantation 

6.1.1.1     Acute Liver Failure 
    Hepatitis A, acetaminophen, autoimmune hepatitis  
  Hepatitis B  
  Hepatitis C, cryptogenic  
  Drugs, hepatitis D  
  Wilson’s disease, Budd-Chiari syndrome  
  Hepatic trauma  
  Fatty infi ltration—acute fatty liver of pregnancy, Reye’s syndrome     

    Table 6.1    King’s College criteria   

 Acetaminophen-induced ALF  Nonacetaminophen ALF 

 Arterial pH <7.3 irrespective of grade of 
encephalopathy or 

 INR >6.5 (PT >100 s), irrespective of grade of 
encephalopathy 

 PT >100 s  Or any 3 of the following: 

 Serum creatinine >3.4 mg/dL  INR >3.5 (PT >50 s) 

 Stage 3 or 4 encephalopathy  Age <11 or >40 years 

 Serum bilirubin >18 mg/dL 

 Time from onset of jaundice to coma development 
>7 days 

 Drug toxicity, regardless of whether it was the 
cause of the acute liver failure 
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6.1.1.2     Cirrhosis from Chronic Liver Disease 
    Chronic hepatitis B virus infection  
  Chronic hepatitis C virus infection  
  Alcoholic liver disease  
  Cryptogenic liver disease  
  Autoimmune hepatitis  
  Nonalcoholic fatty liver disease     

6.1.1.3     Liver Tumors 
    Hepatocellular carcinoma  
  Carcinoid tumor  
  Islet cell tumor  
  Epithelioid hemangioendothelioma  
  Cholangiocarcinoma     

6.1.1.4     Metabolic Liver Disorders 
    Wilson’s disease  
  Hereditary hemochromatosis  
  Alpha 1-antitrypsin defi ciency  
  Glycogen storage disease  
  Cystic fi brosis  
  Glycogen storage disease I and IV  
  Crigler-Najjar syndrome  
  Galactosemia  
  Type 1 hyperoxaluria  
  Familial homozygous hypercholesterolemia  
  Hemophilia A and B     

6.1.1.5     Liver Vascular Diseases 
    Budd-Chiari syndrome  
  Veno-occlusive disease     

   Table 6.2    Prognostic index in fulminant Wilson’s hepatitis (WPI)   

 Score  0  1  2  3  4 

 Serum bilirubin (mg/dL)  <5.8  5.9–8.8  8.9–11.7  11.8–17.5  >17.5 

 Serum aspartate transaminase (IU/L)  <100  100–150  151–200  201–300  >300 

 Prothrombin time prolongation (INR)  <1.3  1.6–1.6  1.6–1.9  1.9–2.4  >2.4 

  Patients with a WPI score ≥7 need urgent liver transplantation  
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6.1.1.6     Cholestatic Liver Diseases 
    Primary sclerosing cholangitis  
  Primary biliary cirrhosis  
  Secondary biliary cirrhosis  
  Alagille syndrome  
  Biliary atresia  
  Byler’s disease     

6.1.1.7     Miscellaneous 
    Caroli’s disease  
  Amyloidosis  
  Polycystic liver disease  
  Nodular regenerative hyperplasia  
  Severe graft-versus-host disease  
  Sarcoidosis  
  Variant syndromes requiring liver transplantation  
  Intractable ascites  
  Diuretic resistant, nonresponsive to TIPS, or TIPS contraindicated  
  Hepatopulmonary syndrome  
  Shunt fraction >8 %, pulmonary vascular dilatation  
  Chronic hepatic encephalopathy  
  Persistent and intractable pruritus     

6.1.2      Possible Contraindications to Liver Transplantation 

    Age >65 years.  
  Severe malnutrition (BMI <19–20 at time of transplantation). Malnutrition may be 

reversible with vigorous therapy.  
  Other organ failure.  
  Previous upper abdominal surgery.  
  Poor functional status.  
  Poor medical compliance.  
  Severe cardiopulmonary disease.  
  Irreversible cerebral injury.  
  Sepsis or active infection.  
  HIV/AIDS.  
  Extrahepatic malignancy (the disease-free period >2–5 years, depending on malig-

nancy type).  
  Extensive portal and mesenteric vein thromboses.  
  Active alcohol or drug usage (abstinent <3–6 months).  
  Psychosocial issues—inability to understand the procedure.  
  Severe psychological disorders which will prevent medical compliance.  
  Lack of social support.      
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6.2     Viral Chronic Hepatitis 

    Ranka     Vukotic    , and     Pietro     Andreone     

 Chronic hepatitis B virus (HBV)-related  and hepatitis C virus (HCV)-related end- 
stage liver diseases lead to liver transplantation (LT). Nowadays, the availability of 
hepatitis B virus immunoglobulin (HBIG) and nucleos(t)ide analogues (NUCs) has 
allowed successful outcomes of most LTs for HBV-related end-stage liver disease. 
As far as HCV is concerned, post-LT recurrence is practically certain and has repre-
sented a great challenge in the IFN-based treatment era, which will probably soon 
be replaced by IFN-sparing regimens, radically changing the management and the 
long-term outcome of LT for HCV-related disease. 

6.2.1     HBV and Liver Transplantation 

 In the last few years, in Western countries, the application of effi cacious antiviral 
therapy has changed both the rate of transplants and the main indication for HBV- 
related LT which has become hepatocellular carcinoma rather than a very end-stage 
liver disease. Moreover, these therapeutic opportunities have allowed a signifi cantly 
longer and better survival of the patients transplanted for HBV, since NUCs com-
bined with HBIG protect the graft almost universally from HBV recurrence [ 8 ,  9 ]. 
At present, the 5-year survival rates in patients undergoing LT for HBV-related cir-
rhosis are around 80 %. 

 However, the patients transplanted for HBV are regularly monitored for HBV 
DNA and HBsAg in order to rapidly identify a possible, although extremely rare, 
recurrent HBV infection. If this occurs, liver histology is indicated to assess and 
monitor the presence and the stage of fi brosis. Currently, a severe fi brosing choles-
tatic onset is almost anecdotic and can be revealed by poorly expressed infl amma-
tory features, high intrahepatic HBV DNA, presence of ballooning, and cholestasis 
[ 10 ]. A high level of HBV DNA at the time of LT is the most important index of the 
risk of hepatitis B recurrence [ 11 ], so the achievement of HBV DNA suppression is 
the goal in end-stage patients awaiting LT. 

 Lamivudine was the fi rst nucleoside analogue approved for hepatitis B, offer-
ing epochal results in obtaining suppression of HBV viremia and ameliorating 
liver function, but hampered by a high resistance rate due to development of 
mutations in the YMDD locus of the polymerase gene (10–20 % at 1 year, 
around 60 % at 4 years). Adefovir showed satisfactory results in treating patients 
with lamivudine resistance but presented high rates of long-term treatment-
related resistance and an important nephrotoxicity issue [ 12 ]. Fortunately, new 
oral antiviral agents (tenofovir and entecavir) were subsequently developed, 
showing greater effi cacy, in terms of HBV DNA clearance and liver function 
improvement, and guaranteeing a higher resistance barrier [ 13 ,  14 ]. Of note, 
these agents require strict monitoring of renal function to exclude, as early as 
possible, any tubular injury which can provoke severe hypophosphoremia and/or 
lactic acidosis [ 15 ]. 
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6.2.1.1     Post-LT Hepatitis B Prophylaxis 
 HBIG is burdened by its high costs and a suboptimal effectiveness in monotherapy. 
It has been demonstrated that beginning parenteral HBIG immediately after LT 
leads to a signifi cant reduction in graft infection and an increase in 3-year survival 
[ 16 ]. Nevertheless, despite several solid immunological-acting pathways, HBIG 
should not be used in monotherapy since high rates of post-LT HBV recurrence 
have been reported in LT recipients treated with this strategy. On the other hand, 
lamivudine post-LT monotherapy leads to high rates of HBV recurrence, while the 
combination of HBIG and lamivudine has been seen to be an effective recurrence 
prophylaxis [ 17 ,  18 ]. Those patients who develop resistance to lamivudine during 
combined HBIG and lamivudine prophylaxis are commonly treated with tenofovir 
monotherapy rather than adefovir add-on, especially in view of the cost- effectiveness 
and safety issues. In short, if appropriately combined with available NUCs, HBIG 
use can be optimized in terms of costs and feasibility by administering lower doses 
and preferring intramuscular injections to intravenous regimens. As regards dose 
minimization or even prophylactic treatment withdrawal, this was prospectively 
explored in a study in which a gradual HBIG withdrawal was followed by antiviral 
discontinuation in patients not showing covalently closed circular HBV DNA in 
liver biopsy. At follow-up, more than 80 % of patients did not present HBV recur-
rence [ 19 ]. Recently, the effi cacy of monotherapy with entecavir was examined in 
80 subjects who underwent LT for HBV, showing cumulative rates of HBsAg clear-
ance of 91 % after 2 years and almost 100 % of HBV DNA undetectable patients 
[ 20 ]. This approach might be taken into account in subjects who at the time of LT 
are HBeAg negative/HBV DNA undetectable. The vaccination strategy should be 
adopted since so far the studies including the use of adjuvanted vaccines are not 
encouraging [ 21 ]. Finally, the complete withdrawal of post-LT HBV prophylaxis in 
selected low-risk populations can be hypothesized, but is still debated and insuffi -
ciently explored.  

6.2.1.2     Post-LT Hepatitis B Recurrence 
 A real de novo HBV infection post-LT is an extremely rare event. On the other 
hand, suboptimal adherence to the pharmacological prophylaxis and resistance 
phenomena might lead to HBsAg reappearance after an initial fade-out. If serum 
HBV DNA also becomes detectable, the antiviral therapy should be promptly 
started so as to avoid chronic liver injury development and progression, to pre-
vent graft loss, and to reduce complication onset and mortality. The possible 
strategies should be tailored according to the virological and clinical characteris-
tics of HBV recurrence. In particular, entecavir or tenofovir is used as an effec-
tive option if HBIG resistance occurs, taking into consideration that lamivudine 
resistance should be treated with tenofovir rather than entecavir, which might 
develop resistance as well. On the other hand, starting tenofovir should be evalu-
ated carefully in patients with renal failure, especially considering proteinuria 
and previous tubular damage. When necessary, although there are no extensive 
data to support this approach, the combination of these two analogues can be 
considered if complex resistance features emerge [ 22 ].  

A. Cucchetti et al.



103

6.2.1.3     De Novo HBV Infection Prophylaxis in Recipients of Anti-HBc- 
Positive Donor Livers 

 Over the years, the expansion of the donor pool has been proposed to allow greater LT 
access, and this was extended to HBsAg-negative/hepatitis B core antigen- antibody 
(anti-HBc)-positive donors, ideally allocating these organs to already HBsAg-positive 
liver recipients, previously undergoing immunoprophylactic HBV regimen [ 23 ]. In 
fact, an extensive review of the studies using livers from anti-HBc- positive donors 
in HBsAg-negative recipients revealed the probability of de novo HBV infection in 
recipients who did not receive immunoprophylaxis in anti-HBc-/anti-HBs-patients, of 
15 % in anti-HBs+ and/or anti-HBc+, and of less than 2 % in anti-HBc–/anti-HBs+ 
recipients. In anti-HBc+ graft recipients, HBIG is not necessary, while lamivudine 
monotherapy seems to ensure satisfactory low rates of graft infection (<3 %). 

 In conclusion, the combination of antiviral drugs and low-dose HBIG can effec-
tively prevent HBV recurrence in almost all LT recipients. HBIG discontinuation 
can be taken into consideration, maintaining the NUCs in those patients who do not 
have apparent risk factors for recurrence and who had low or undetectable HBV 
DNA levels before LT. These prophylactic and therapeutic approaches have drasti-
cally modifi ed the natural history and the prognosis of both pre-LT and post-LT 
HBV-related settings.  

6.2.1.4    HCV and Liver Transplantation 
 Hepatitis C virus (HCV) infection can lead to cirrhosis and its complications and 
represents the main indication for LT, at least in the Western countries [ 24 ]. 
Unfortunately, in HCV RNA-positive patients, the recurrence of HCV infection after 
LT is universal [ 25 ,  26 ] and may lead to cirrhosis in approximately 30 % of recipients 
after 5 years [ 27 ]. The severity of the infection is unpredictable and often associated 
with additional clinical and histological features (e.g., cholestasis, de novo autoim-
munity, coinfections), determining a more rapid progression versus advanced illness 
and possible graft loss. LT patients who undergo antiviral therapy have been shown 
to have a longer survival, better histological and hemodynamic long-term features, 
and a lower rate of decompensation [ 28 – 31 ], especially when a sustained virological 
response (SVR) is achieved. However, dual antiviral therapy with pegylated inter-
feron (PegIFN) and ribavirin (RBV) seems to be poorly effective in this population 
[ 32 ]. Direct-acting antiviral agents (DAA) such as protease inhibitors (PI) have been 
seen to ameliorate the rate of SVR in pre-LT genotype 1 patients, both treatment 
naive and experienced [ 33 ,  34 ]. Recently, several experiences have been reported 
regarding the use of the new antiviral agents in LT recipients, focusing not only on 
the likelihood of achieving higher SVR rates with the new antiviral regimens but also 
on the complex issue of immunosuppressant drug handling, drug interactions, and 
increase of renal and hematopoietic toxicity [ 35 – 38 ]. These data confi rmed that, also 
in post-LT hepatitis C settings, similar SVR rates to those of non-LT patients can be 
achieved by triple regimens with PI, peginterferon, and ribavirin. Moreover, satisfac-
tory SVR rates have been obtained despite several adverse events such as anemia, 
neutropenia, rash, and renal failure. The worldwide growing experience with the use 
of telaprevir and boceprevir in LT recipients with HCV recurrence has signifi cantly 
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helped clinicians in the use of new DAAs, especially in awareness on the drug-drug 
interaction issue and the possible induction of plasma cell hepatitis during triple IFN-
based regimens, sometimes with acute rejection- like onset resulting in graft loss or 
in fatal outcome [ 39 – 41 ]. On the other hand, it is possible that the high costs of 
oncoming potent IFN-free regimens will be prohibitive for many developing coun-
tries which will continue to rely on PIs such as boceprevir and telaprevir [ 42 ]. 
Another issue which is still controversial is when to start treating the HCV recur-
rence [ 43 ]. The preemptive antiviral therapy after up to 6 months should be taken into 
consideration when rapidly progressive features emerge. The decision to treat post-
LT HCV recurrence is often taken according to the histological characteristics (pres-
ence of fi brosis) at the 1-year liver biopsy, but at the same time, the individual 
patient’s predictive factors of response should be carefully evaluated. The positive 
predictive characteristics associated with SVR are genotypes 2 or 3, mild fi brosis, 
young donor age, low baseline level of viremia, early viral clearance, and both donor 
and recipient CC polymorphism of IL28B [ 44 – 47 ]. The immunosuppressive regi-
men with cyclosporin has also been seen to be associated with SVR [ 48 ], but in triple 
regimens, especially those containing telaprevir, these data should be reviewed. 

 Undoubtedly, the oncoming era of HCV treatment has begun with the approval of 
several DAAs with different viral targets [ 49 ]. These drugs will likely very soon 
guarantee simplifi ed treatment schedules and high tolerability and might avoid the 
use of interferon. Sofosbuvir is a potent all-oral-dosing nucleotide analogue inhibitor 
of HCV polymerase activity, with excellent virological response rates obtained in 
randomized controlled studies employing combination schedules with RBV, with or 
without PegIFN, in both naive and experienced HCV patients [ 50 ]. Currently, sofos-
buvir is becoming more and more available worldwide but, besides the cost- related 
limitations, it should be noted that in LT settings, the experience is still limited. The 
preliminary data of a compassionate US program, utilizing sofosbuvir in LT recipi-
ents with a severe recurrence of HCV infection, were recently presented [ 51 ,  52 ], 
showing good clinical outcomes, a global clinical and MELD improvement; how-
ever, the relapse rate was not negligible, indicating that the treatment regimen should 
be maximally optimized in this seriously ill LT population, probably by combining 
sofosbuvir with another potent DAA. No drug-drug interactions with calcineurin 
inhibitors are expected during SOF administration [ 53 ,  54 ], but in a single center 
experience, awareness of signifi cant tacrolimus/cyclosporine trough level reduction 
when sofosbuvir is administered in LT recipients has already emerged [ 55 ]. 

 Indeed, the future perspectives of HCV-related viral hepatitis in pre-LT and post-
 LT settings will soon drastically change, thanks to the rich pipeline of new antiviral 
agents. However, some issues not present until now will affect real clinical practice 
and will require expert dedication in this complex setting. Among these, in addition 
to the time to treat and the duration of treatment, the most important are cost- 
effectiveness, choice of one DAA rather than another, drug-drug interactions, 
patients’ eligibility for treatment, and viral resistance management. These features 
underline the importance of continuing to identify the predictive factors of good 
outcomes of antiviral treatment and of the global clinical outcomes in HCV-related 
viral hepatitis pre- and post-LT.    
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6.3     Liver Tumors 

6.3.1     Hepatocellular Carcinoma 

    Fabio     Piscaglia    ,     Alessandro     Cucchetti    ,     Anna     Pecorelli    , and     Luigi     Bolondi      

 Liver cancer is the fi fth most common malignancy among men and the ninth among 
women. In the last few years, it has risen from the third to the second cause of death from 
cancer, accounting for nearly 746,000 deaths in 2012, with an overall ratio of mortality 
to incidence of 0.95 [ 56 ]. The most common primary liver cancer is hepatocellular car-
cinoma (HCC), which occurs in the setting of liver cirrhosis in up to 90 % of cases [ 57 ]. 

 The primary risk factor for HCC is still represented by chronic hepatitis B virus 
(HBV) or hepatitis C virus (HCV) infection [ 58 ]. However, the advent of new anti-
viral drugs, the vaccination for HBV, and, on the other hand, the increasing inci-
dence of obesity and metabolic syndrome are expected to reduce the burden of HCC 
on chronic viral liver disease and to increase the appearance of HCC on other causes 
of liver cirrhosis, such as nonalcoholic fatty liver disease (NAFLD) [ 58 ,  59 ]. Liver 
transplantation is the only curative treatment potentially able to eradicate both the 
tumor and the underlying liver disease. According to the European Liver Transplant 
Registry, 14 % of liver transplantations in Europe are performed in patients with 
HCC [ 60 ]. The fi rst experiences of liver transplantation for HCC addressed patients 
with advanced HCC, producing poor outcomes as a consequence of extremely high 
posttransplant tumor recurrence rates. These results together with the shortage of 
available grafts led many transplant centers to select patients with defi ned criteria 
more accurately in order to guarantee better survival outcome. 

 In 1996, Mazzaferro and colleagues introduced the so-called Milan criteria. 
According to these criteria, initially documented by authors on pathological fi nd-
ings, patients with a single nodule <5 cm or up to three nodules <3 cm, with neither 
extrahepatic spread nor macrovascular invasion, could achieve a 5-year survival rate 
of 70 %, comparable to patients transplanted for nonmalignant liver disease [ 61 ], 
with tumor recurrence in less than 10 %. These criteria are still currently used in the 
Barcelona Clinic Liver Cancer (BCLC) HCC staging system, adopted in the major-
ity of Western countries. This staging system stratifi es patients according to liver 
function, tumor burden, and performance status, attempting to defi ne, for each 
stage, the most effective treatment to adopt [ 62 ]. Patients within the Milan criteria 
correspond to the early HCC tumor stage. 

 Due to the excellent results achieved with use of the Milan criteria based on 
radiologic assessment, but also the clinical practice evidence of good outcome for 
some selected patients transplanted despite being beyond the Milan criteria, several 
transplant centers tried to expand the boundaries of liver transplantation for HCC in 
the last decade. In 2001, the University of California San Francisco (UCSF) group 
produced a prospective study to identify expanded criteria for liver transplantation 
for HCC. The outcome of patients inside UCSF criteria (one tumor ≤6.5 cm, or up 
to three nodules ≤4.5 cm, and total tumor diameter <8 cm) was comparable to that 
observed in other retrospective studies [ 63 ]. In 2009, a multicenter international 
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retrospective study coordinated by Mazzaferro showed comparable 5-year survival 
rates between patients within Milan criteria versus patients outside Milan criteria 
but fi tting the so-called up-to-seven criteria (UtS) on pathology and without micro-
vascular invasion. According to UtS, the sum of the number of tumors and the diam-
eter of the largest nodule should not exceed seven, with no macrovascular invasion 
or extrahepatic spread [ 9 ] to achieve acceptable results in terms of recurrence rates 
and overall survival. Another new tool, the Metroticket calculator, has been created. 
This tool predicts the 5-year survival of patients on the basis of tumor burden 
according to the number and size of nodules and presence or absence of vascular 
invasion [ 64 ]. The major criticism regarding this tool is that its most important vari-
able, namely, microvascular invasion, can be assessed only in the pathological spec-
imen, thus once the liver transplant has already been performed. 

 An alternative strategy to simply expand the listing criteria based on tumor bur-
den is to assess the tumor biology, and hence the risk of recurrence, on the basis of 
tumor response to hepatic resection or locoregional treatments, whose aim is to 
bring selected intermediate (BCLC-B) stage HCCs back to the early (BCLC-A) 
tumor stage. Good results have recently been achieved by using this downstaging 
procedure. Up to 2014, only two perspectives studies have been carried out, one of 
which was conducted at the University of Bologna; this latter experience obtained 
comparable survivals between transplanted patients successfully treated with down-
staging and patients who always met the Milan criteria [ 65 ]. In this study, criteria 
for downstaging were identifi ed as a single nodule ≤6 cm, or two nodules ≤5 cm, or 
less than six nodules ≤4 cm, with the sum of diameters ≤12 cm without macrovas-
cular invasion or extrahepatic spread. However, clear limits for size and number of 
lesions as eligibility criteria for starting the downstaging procedure are still lacking, 
with the exception of extrahepatic spread and macrovascular invasion. After a suc-
cessful downstage, a minimum period of 3 months is recommended before consid-
ering liver transplantation [ 66 ]. An alternative option to select out patients with 
expected worse survival and high recurrence rate is to use tumor grading. This 
approach excludes patients with poor tumor differentiation according to the 
Edmondson and Steiner criteria (G4) but requires aggressive and numerous tumor 
biopsies and has never been validated outside the proposing center [ 67 ]. 

 The imbalance between demand and donor organ supply still remains the main 
issue in liver transplantation. Since 2001, patients on the waiting list are ranked on 
the basis of the Model for End-Stage Liver Disease (MELD) score. This score is 
based on serum bilirubin, creatinine, and international normalized ratio and indi-
cates the three-month mortality rate in cirrhotic patients [ 68 ]. As the neoplastic risk 
is not considered in the MELD score, patients with HCC are given additional MELD 
exception points, which increase over time. According to the 2013 United Network 
for Organ Sharing (UNOS) allocation system, patients with a single HCC <2 cm do 
not receive additional points, while patients with a single HCC of 2–5 cm or with 
three nodules each <3 cm receive 22 points in addition to the original MELD score 
with a 10 % point increase for every 3 months on the waiting list [ 69 ]. Despite addi-
tional points, the dropout rate from the waiting list due to tumor progression is com-
mon, being approximately 10–20 % per year. A regular follow-up with an imaging 
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technique (CT or MRI) should therefore be performed every 3 months. An indirect 
measure of the tumor aggressiveness can be used to determine priority for trans-
plantation. To date, there is growing evidence that cases with complete radiological 
response to pretransplant surgical and nonsurgical procedures will experience a 
lower dropout rate (tumor growth beyond transplantability criteria), and it is possi-
ble that in such cases, priority can be safely reduced, giving the remaining patients 
on the waiting list more chances of a transplant [ 70 ]. 

 Locoregional treatments are commonly performed on patients awaiting liver trans-
plantation as “bridge therapy” to prevent dropout. Currently, EASL-EORTC guidelines 
suggest bridge therapy if the waiting list time exceeds 6 months; however, there are no 
recommendations about the type of treatment [ 71 ]. The choice should be taken by a 
multidisciplinary team and tailored on the basis of tumor burden, liver function, and 
patient characteristics. In most countries, the expected waiting time exceeds 6 months 
for HCC, and all patients are aggressively treated for HCC, liver function permitting, in 
the prospect of transplantation, to prevent dropouts. Transcatheter arterial chemoembo-
lization (TACE) is the most common bridge therapy, usually performed in patients with 
a single nodule >3 cm or multifocal HCCs. In the presence of decompensate liver func-
tion, TACE is contraindicated, and percutaneous ablative therapies, such as radiofre-
quency ablation (RFA) or percutaneous ethanol injection (PEI), are preferred. However, 
RFA or PEI effi cacy is limited to small HCCs (<2–3 cm). Liver resection should be the 
fi rst-line therapy in the case of resectable HCCs in a setting of preserved liver function, 
normal portal pressure, and normal bilirubin. In the case of postoperative liver failure 
or HCC recurrence, liver transplantation can be reconsidered as “salvage transplanta-
tion,” with outcomes comparable to primary liver transplantation [ 72 ]. However, clini-
cally signifi cant portal hypertension should not be considered an absolute 
contraindication but taken into account in the fi nal decision, which has to consider liver 
function, usually in terms also of MELD score, and the extent of resection [ 73 ]. 

 Another strategy to overcome deceased organ shortage and long waiting times is 
to use grafts from healthy living donors (LDLT). Although survival rates between 
LDLT and DDLT (deceased donor liver transplantation) are comparable, a high 
recurrence rate has been observed in LDLT. This could be due to the different wait-
ing time, inherently longer in patients awaiting a DDLT, during which a tumor with 
a more aggressive behavior can be detected. Some authors suggest a 3-month period 
of observation to avoid transplantation of a more aggressive tumor [ 74 ,  75 ]. 
According to EASL guidelines, LDLT is an alternative option in patients with a 
waiting list time exceeding 6–7 months [ 68 ]. 

 After liver transplantation, the main complication is the risk of HCC recurrence, 
which affects 8–20 % of the recipients. Recurrence is associated with poor outcome 
and a median survival less than 1 year after the diagnosis [ 74 ]. According to recent 
recommendations for liver transplantation for hepatocellular carcinoma, patients 
should be followed up with CT or MRI imaging and alpha-fetoprotein every 
6–12 months after LT. HCC recurrence could be treated by surgery, locoregional 
therapy, and also systemic therapy, while retransplantation is not appropriate. As 
regards immunosuppression, mTOR inhibitors, in particular sirolimus, should be 
used due to their antineoplastic properties [ 76 ].   
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6.4     Cholestatic and Autoimmune Disease 

    Maria     Cristina     Morelli     

6.4.1     Autoimmune Liver Diseases 

 The group of cholestatic and autoimmune disease usually includes autoimmune 
hepatitis (AH), primary biliary cirrhosis (PBC), and primary sclerosing cholangitis 
(PSC). Even if these diseases are infrequent, they represent a considerable propor-
tion of patients in need of transplantation. The estimated prevalence of AH in the 
general population is 10–20/100,000, of PBC it is 40–60/100,000, and of PSC it is 
10–30/100,000. The diffi culty to reach a diagnosis and the need to exclude other 
causes of liver disease, such as hepatotropic infection but also systemic infl amma-
tion or drug-induced toxicity, are common in the context of autoimmune disease. 
Autoimmune liver disease may also overlap. The concomitant presence of PBC and 
AH features is a frequent fi nding, as is, although to a lesser extent, the overlap 
between PSC and AH. Another important issue is that overlap features may also 
change over time, and the patient may acquire other features many years after the 
fi rst diagnosis; this is a very important aspect to consider as regards therapeutic 
implications. To date, there is no defi nitive treatments that can cure autoimmune 
disease; as a consequence, a considerable proportion of patients progressively 
develops liver failure requiring liver transplantation. In addition, all three autoim-
mune diseases can recur after liver transplantation and represent a greater risk of 
organ rejection.  

6.4.2     Primary Biliary Cirrhosis (PBC) 

 Primary biliary cirrhosis is a chronic cholestatic liver disease characterized by 
immune-mediated destruction of small and medium intrahepatic bile ducts lead-
ing to cholestasis and cirrhosis. Primary biliary cirrhosis affects women in 
90–95 % of cases and is often associated with other autoimmune diseases such 
as rheumatoid arthritis, scleroderma, and Sjogren’s syndrome. A recent epide-
miologic study reported that the lowest and highest incidences for PBC were 
both found in Newcastle-upon-Tyne in 1997 with 0.9 per 100,000 inhabitants per 
year in 1977 and 5.8 per 100,000 inhabitants per year in 1994, respectively. The 
highest prevalence for PBC is reported in a North American study published in 
1995 with 40.2 per 100,000 age- and sex-matched inhabitants. Looking at the 
most recent epidemiological studies, the mean proportion of female patients was 
92 % (76–100 %). Increasing trends of both incidence and prevalence of the dis-
ease are highlighted in studies from the United Kingdom, the United States, and 
Australia, but it is not clear whether the increase is true or just represents earlier 
recognition of the disease due to greater awareness and improved diagnostic 
workup [ 77 ]. 
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 Clinical presentation is often nonspecifi c, and symptoms include signs of cho-
lestasis such as fatigue, skin pigmentation, jaundice, itching skin, and weight loss. 
Fatigue, the main symptom in patients with PBC, is usually characterized as exces-
sive daytime somnolence and can impair quality of life. In a recent study, fatigue in 
woman with PBC was found to be independently associated with an increased risk 
of cardiac death [ 78 ]. Pruritus is reported by 20–70 % of patients and, in some 
cases, could be very disabling and, when intractable, may become an indication for 
liver transplantation. Diagnosis is based on clinical and biochemical features of 
cholestasis, highly specifi c antimitochondrial antibodies (AMAs) detection, and 
high IgM levels. A reduction in bone density is common in patients with PBC, with 
features of osteopenia and osteoporosis. Most patients with PBC have elevations of 
alkaline phosphatase, mild elevations of aminotransferases (alanine aminotransfer-
ase [ALT] or aspartate aminotransferase [AST]) activity, and increased levels of 
immunoglobulin M; serum cholesterol levels are also often elevated. A rise in serum 
bilirubin and gamma globulins, with a fall in serum albumin and platelet count, is 
the early indicator of the development of cirrhosis and portal hypertension [ 79 ,  80 ]. 
Antimitochondrial antibodies in serum are highly sensitive and specifi c for PBC: 
their presence is detectable in nearly 95 % of PBC patients. Follow-up data from 
AMA-positive individuals without signs of liver disease suggest that autoantibodies 
arise several years before the onset of symptoms and have a high predictive value. 
Histology is characterized by a lymphocytic cholangitis and classically divided into 
four stages. Stage I is characterized by normal-sized triads with portal infl ammation 
and subtle bile duct damage; granulomas are often detected. Stage II is character-
ized by the increase of periportal infl ammation extending into the hepatic paren-
chyma and periportal fi brosis. Stage III is characterized by a distortion of the hepatic 
architecture with numerous fi brous septa. Stage IV is defi ned by a cirrhotic evolu-
tion. Liver biopsy is not always needed in patients with AMA positivity and typical 
biochemical profi le since the additional information obtainable by histology is quite 
small. Histology is otherwise useful in patients who have high levels of antinuclear 
antibodies in order to assess the presence of an overlap syndrome that will require 
substantial modifi cation of the therapeutic approach. 

 PBC is a chronic and a progressive disease, but the clinical features may vary 
greatly between patients. Patients can remain symptom-free for years with a low 
progressive disease or, conversely, can progress rapidly to a symptomatic and evolv-
ing disease. Presence of symptoms at diagnosis is an important determinant of dis-
ease progression and survival [ 81 ]. Many therapeutic agents have been proposed for 
primary biliary cirrhosis on the basis of different views of disease pathogenesis. The 
only currently established treatment for primary biliary cirrhosis is ursodeoxycholic 
acid (UDCA) 13–15 mg/kg a day, which can be subdivided into two or three doses 
[ 82 ]. A meta-analysis of randomized placebo-controlled studies of UDCA con-
cluded that about 20 % of patients treated with UDCA will have no histological 
progression over 4 years, and some will have no progression over a decade or longer 
[ 83 ]. This agent has the potential to reduce liver damage and, consequently, to pre-
vent the development of portal hypertension and the need for transplantation. 
Survival free from liver transplantation seems to be improved in patients treated 
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with UDCA compared with patients originally assigned to placebo, in particular in 
medium- and high-risk groups of patients (serum bilirubin level, 1.4–3.5 or >3.5 mg/
dL and histological stage IV subgroup) [ 84 ]. 

 Liver transplantation is a defi nite therapeutic option in patients with PBC not 
only when patients decompensate as a cause of cirrhosis development but also in 
other condition such as treatment-resistant itching. Liver transplantation has been 
proved to improve fatigue and pruritus; the bone disease can worsen initially but 
improves in the subsequent periods. Surprisingly, the increase trend of incidence 
and prevalence of PBC is in contrast with the decrease of liver transplantation bur-
den for this indication, despite an increase in total liver transplants [ 85 ]. The expla-
nation for this trend is not clear but may be associated with a more effi cacious 
therapy or a changing disease phenotype. Primary biliary cirrhosis after transplant 
has been described in 15–30 % of recipients, but only a low percentage evolved into 
graft failure. The Birmingham study reported a 2–3 % rate of graft loss for PBC 
recurrence over 15 years. Autoantibodies AMA may persist after liver transplanta-
tion but do not seem to be associated with recurrence of the disease.  

6.4.3     Primary Sclerosing Cholangitis (PSC) 

 Primary sclerosing cholangitis is characterized by progressive infl ammation of the 
intra- and extrahepatic bile ducts with progressive stenosis and obliteration of ducts 
leading to the development of secondary biliary cirrhosis, portal hypertension, and, 
fi nally, toward liver failure. It is characterized by a strong association (75–80 % of 
cases) with infl ammatory bowel disease (IDB), mainly ulcerative colitis. 
Immunological mechanisms are involved in the pathogenesis of this disease, and 
consistent data show that PSC is an immune-mediated infl ammatory disease rather 
than an autoimmune disease by itself. In favor of this hypothesis is the male preva-
lence, the failure to identify specifi c autoantigens, and lack of response to immuno-
suppressive therapy. It is currently accepted that, in an immunologically predisposed 
patient, antigens derived from bacteria may migrate into the portal circulation due 
to increased permeability of the colonic wall. Activation of Kupffer cells leads to 
cytokine and chemokine release with recall of infl ammatory infi ltrate (granulocytes, 
lymphocytes, macrophages, and fi broblasts) into the portal and peri-biliary space, 
resulting in fi brosis and, fi nally, in secondary biliary cirrhosis. 

 Primary sclerosing cholangitis is a relatively rare disease. Epidemiological studies 
published so far are few and are mainly derived from tertiary hospitals resulting from 
IBD prevalence rates. The fi rst epidemiological study in the general population was 
conducted in Norway and published in 1998 [ 86 ]. This study reported an incidence of 
1.3/100,000/year and a prevalence of 8.7/100,000. In 71 % of cases, there was an 
association with IBD; the male/female ratio was 3.3/1, and the mean age at the onset 
of the disease was 40 years [ 10 ]. At diagnosis, the majority of PSC patients are asymp-
tomatic, and studies published in recent years reveal an increasing proportion of cases 
diagnosed in the asymptomatic phase. Most asymptomatic patients develop symp-
toms after 5–7 years. Symptoms are frequently nonspecifi c including fatigue, 
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jaundice, pruritus, and weight loss; fat-soluble vitamin defi ciency, steatorrhea, and 
osteoporosis are rarer. Bacterial cholangitis and gallstones are specifi c symptoms 
related to development of biliary stenosis. Finally, patients can develop liver cirrhosis 
with hepatic failure; in addition, PSC has to be considered a preneoplastic condition 
with a high risk of cholangiocarcinoma development (100 times higher than the gen-
eral population) and a higher risk of colorectal cancer in patients with coexistent 
ulcerative colitis than in patients with isolated ulcerative colitis. Thus, these aspects 
have to be considered from a transplantation perspective. The cholangiographic fea-
tures of alternate extra- and intrahepatic bile duct stenosis and dilatation are the gold 
standard for the diagnosis of PSC. Because of its noninvasive nature, magnetic reso-
nance imaging (MRI) may have advantages over invasive cholangiography when 
diagnosis is the major goal of the procedure, showing in recent studies 88 % sensitiv-
ity and 99 % specifi city. In the presence of specifi c radiological features, liver biopsy 
is not considered essential because of the low diagnostic accuracy; furthermore, the 
typical histological lesions such as periductal “onion skin” fi brosis are detectable only 
in 13 % of cases. Histological examination is useful in suspected overlap syndrome 
and in the diagnosis of PSC involving only small ducts. 

 At present, there is no effective medical therapy modifying the natural history of 
PSC. The drug most studied and proposed in trials is ursodeoxycholic acid that, 
despite the proven anti-cholestatic effect, has not so far been proven effective in 
improving survival. UDCA has been proposed to decrease the risk of colorectal neo-
plasia in patients with PSC and ulcerative colitis based on results from retrospective 
studies. However, these studies had inconsistent results, so UDCA has not been rec-
ommended as a chemopreventive agent for patients with PSC-IBD [ 87 ,  88 ]. Liver 
transplantation is currently the only effective treatment option in PSC. PSC is the fi rst 
indication for transplantation in Scandinavian countries and the fi fth in the United 
States and constitutes less than 2 % of the indications for transplantation in Italy. The 
survival of the graft and the recipient is over 90 % at 1 year and 75 % at 15 years. The 
timing of transplantation is particularly diffi cult to defi ne in PSC due to the unpredict-
ability of certain events, such as the development of cholangiocarcinoma that is cur-
rently a contraindication to transplantation because of the high mortality caused by the 
high rate of recurrence. The criteria currently accepted for inclusion on the waiting list 
for liver transplantation are (1) jaundice or stenosis that cannot be treated endoscopi-
cally, (2) recurrent cholangitis, (3) decompensated cirrhosis (MELD score >13), or (4) 
a predicted 1-year survival <90 % according to the Mayo Clinic score [ 89 ]. 

 The recurrence of PSC after liver transplantation has a wide variability in differ-
ent series, but it affects approximately 20 % of patients, with a rate of retransplanta-
tion of about 5 %. The factors most frequently associated with the development of 
relapse are preservation damage, steroid-resistant rejection episodes, and previous 
treatment with OKT3. 

 Over the years, some prognostic scores have been proposed with the aim of pre-
dicting survival, defi ning the effectiveness of therapy, and establishing the timing of 
transplantation. Among the prognostic models, the score from the Mayo Clinic is the 
most commonly accepted as valid on a very large number of patients, and it is the 
only one that does not need a histological score. This model divides patients into low 
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(score <0), medium (score 0–2), and high risk (score >2), to predict the survival of 
1 year and, consequently, to provide indications for the timing of liver transplanta-
tion. The formula of PSC-Mayo Risk score is the following: score = (0.0295 * (age 
in years)) + (0.5373 * LN(total bilirubin in mg/dL)) – (0.8389 * (serum albumin in 
g/dL)) + (0.5380 * LN(AST in IU/L) + (1.2426 * (points for variceal bleeding)).  

6.4.4     Autoimmune Hepatitis and Cirrhosis 

 Autoimmune hepatitis (AH) is a characteristic autoimmune condition character-
ized by a strong female prevalence, presence of autoantibodies, frequently con-
comitant autoimmune diseases such as autoimmune thyroiditis or rheumatoid 
arthritis, and good response to corticosteroids. Two types of AIH are described: 
type 1 (AH-1), characterized by antinuclear antibodies (ANA) and/or anti-smooth 
muscle positivity, and type 2 (AH-2), characterized by anti-liver kidney micro-
somal type 1 antibody (anti-LKM-1) or for anti-liver cytosol type 1 antibody (anti-
LC-1). Autoimmune hepatitis can occur in all geographical areas and is an 
infrequent disease, with a low prevalence (1:10,000 both in Western and Eastern 
countries). The clinical manifestations of autoimmune hepatitis can range from a 
subclinical disease, diagnosed occasionally with detection of high levels of liver 
enzymes, to an acute or fulminant hepatitis requiring urgent transplantation or to a 
progressive course toward cirrhosis. Diagnosis is based on four major criteria: 
elevated IgG levels (or total gamma globulins), characteristic autoantibodies, his-
tological features of hepatitis, and absence of viral etiology. Response to immuno-
suppression is characteristic and supports the diagnosis. Randomized trials 
defi nitely showed the benefi t of steroid treatment in patients with autoimmune 
hepatitis, documenting that 5-year survival rises to 25 % in untreated patients ver-
sus 80 % in those treated with corticosteroids [ 90 ,  91 ]. Liver transplantation can 
represent a treatment option also in acute or chronic patients who fail to respond to 
immunosuppressive therapy and in patients who develop end-stage liver disease. 
Liver transplantation is associated with excellent 5-year and 10-year survival rates. 
Recurrent autoimmune hepatitis following liver transplantation has been reported 
in approximately 15–30 % of adults and 33 % of children but rarely progresses to 
graft failure.  

6.4.5     Cholestasis in the Newborn and Infant 

 Neonatal cholestasis occurs in approximately 1 in 2,500 term infants. A large num-
ber of causes for neonatal cholestasis have been identifi ed, and they can be classi-
fi ed as follows: extrahepatic (biliary atresia, choledocal cyst, Alagille syndrome, 
biliary sludge, cystic fi brosis PSX, and congenital fi brosis/Caroli’s disease) and 
intrahepatic (progressive familial intrahepatic cholestasis, giant cells hepatitis, viral 
hepatitis (HHV-6, HPV, CMV), alpha 1-antritrypsine defi ciency, galactosemia, and 
tyrosinemia). 
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 The most common causes of cholestatic jaundice in the fi rst months of life are 
biliary atresia and neonatal hepatitis, which account for most cases. Alpha 
1- antitrypsin defi ciency causes another 5–15 % of cases. Remaining cases are caused 
by a variety of other disorders, including common duct gallstones or choledochal 
cyst; metabolic disorders such as tyrosinemia, galactosemia, and inborn errors of bile 
acid metabolism; Alagille syndrome; infection; and other rare disorders. Biliary atre-
sia is characterized by obliteration or discontinuity of the extrahepatic biliary system, 
resulting in obstruction to the bile outfl ow of bile. This is a surgically treatable form 
of cholestasis during the neonatal period that, if not surgically corrected, progresses 
toward biliary cirrhosis. Patients with biliary atresia can be divided into two distinct 
groups: those with the isolated form of biliary atresia (65–90 % of cases) and those 
associated with situs inversus, a congenital condition in which the major visceral 
organs are reversed or mirrored from normal positions. The pathogenesis of this dis-
ease is not fully known. Early studies have suggested a congenital malformation of 
the bile duct system. Before liver transplant became the only therapeutic option for 
children with end-stage liver disease, the survival of children treated with portoenter-
ostomy was 47–60 % at 5 years and 25–35 % at 10 years [ 92 ]. Neonatal giant cell 
hepatitis (NGCH) is an acute cholestatic disease of unknown etiology. Clinical fea-
tures are usually hepatomegaly, jaundice, dark urine, acholic stools, and liver insuf-
fi ciency up to fulminant hepatitis. Liver histology shows giant hepatocytes that 
appear as a common liver response to many types of damage in the neonatal period. 
Infectious agents causing giant cell transformation include hepatitis with hemolytic 
anemia, paramyxovirus (syncytial giant cell hepatitis), hepatitis with rubeola infec-
tion, and hepatitis with HIV infection; cytomegalovirus (CMV), human papillomavi-
rus (HPV), and herpesvirus 6 (HHV6) have recently been linked to NGCH [ 93 ,  94 ].   

6.5     Other Liver Tumors 

    Giorgio     Ercolani    ,     Alessandro     Cucchetti    ,     Matteo     Cescon    ,     Matteo     Ravaioli  , and 
      Massimo     Del     Gaudio       

6.5.1     Malignant Tumors Other than Hepatocellular Carcinoma 

 At the beginning of the liver transplantation (LT) experience, liver malignancies 
represented an optimal indication to transplantation since liver replacement repre-
sents the most radical operation; however, the use of immunosuppression therapy 
increases tumor recurrence at an unacceptable rate [ 95 ]. Furthermore, considering 
that the pool of deceased donors is not suffi cient to meet the need for organs, it is 
important to apply a resectional strategy whenever possible, leaving LT as an option 
in cases of unresectable liver tumors and when acceptable long-term results can be 
expected [ 65 ,  96 ]. Except for hepatocellular carcinoma (HCC) which remains one 
of the main indications for LT, transplantation has been applied as a treatment strat-
egy for other malignant hepatic tumors. 
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6.5.1.1    Cholangiocarcinoma 
 In the 1990s, the initial clinical experience of LT for unresectable cholangiocarci-
noma yielded poor long-term results, with 5-year survival ranging between 18 and 
38 % [ 97 – 99 ]. After the promising experience at the University of Pittsburgh with a 
5-year survival of more than 50 % [ 100 ,  101 ], the Mayo Clinic developed a protocol 
of strict recipient selection and neoadjuvant chemoirradiation, which produced unex-
pected positive outcomes [ 102 ]. The neoadjuvant treatment protocol consists of 
extended beam radiation (4,500 cGy/day for 15 days) and protracted intravenous 
infusion of 5-FU (225 mg/m 2 /day). Biliary brachytherapy will then deliver 2,000 cGy, 
and fi nally, oral capecitabine (1,000 mg/m 2 /day 2 out of every 3 weeks) is adminis-
tered until LT. A staging laparotomy is performed before LT in order to rule out the 
presence of intra- or extrahepatic metastases and lymph node metastases. Both a 
meta-analysis on 605 transplanted patients for CCC in 14 American and European 
centers and a recent review summarizing the results in patients treated before and 
after the “Mayo Protocol” have confi rmed the dismal results of 5-year survival 
around 17–35 % in previous series and the encouraging results of 5-year survival up 
to 75 % in the most recent cases treated by the neoadjuvant scheme [ 103 ,  104 ]. These 
data suggest that cholangiocarcinoma may be no longer considered an absolute con-
traindication for OLT. It has several advantages over liver resection because it allows 
a complete negative resection margin when the anatomical location would not allow 
a radical resection and particularly in patients with chronic underlying liver disease 
(like sclerosing cholangitis) who may not tolerate partial hepatectomy. 

 Although encouraging results have been obtained, a few concerns need to be 
discussed before considering cholangiocarcinoma as a routine indication for 
OLT. The fi rst issue is the high dropout rate associated with some tumor charac-
teristics [ 105 ], such as Ca 19–9 over 500 U/mL, mass diameter >3 cm, bioptic 
evidence of malignancy, and MELD score >20. The second issue is that it is not 
clear whether the absence of tumors in the explanted livers after chemoradiation 
in half of the cases was due to the effi cacy of the neoadjuvant treatment or an 
initial false- positive diagnosis. Finally, recent series from the Universities of 
Seoul and Nagoya showed that biliary drainage associated with portal vein embo-
lization could allow extended hepatectomy with acceptable mortality and, in cases 
with R0 resection and negative lymph nodes, a 5-year survival up to 50 % [ 106 , 
 107 ]. Considering that the main prognostic factors after liver resection are the 
same as those that would be contraindications for LT, it can be concluded that 
hepatic resection is still the main therapeutic strategy and that LT, since the Mayo 
Protocol, can be considered an option in selected cases of cholangiocarcinoma, 
when liver function is impaired due to underlying liver disease (primary scleros-
ing cholangitis [PSC]). 

 Both intra- and extrahepatic CCA could represent indications for LT when 
resective surgery is not an option because of underlying liver disease or anatomi-
cally unresectable lesions. Liver transplantation may offer better results than pal-
liative therapy if the radial diameter of the intrahepatic mass is under 3 cm, a 
staging laparotomy is performed, and no extrahepatic or lymph node metastases 
are detected [ 105 ].  
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6.5.1.2    Neuroendocrine Liver Metastases 
 LT has been mainly proposed for unresectable neuroendocrine liver tumors (NET) 
[ 108 ]. Currently, in the presence of multiple new alternative medical treatments and 
due to the relative long-term prognosis for this disease, the real survival benefi t of 
LT over other techniques is unknown, and comparative studies are needed. A recent 
multicenter study from 35 transplant centers enrolling 213 patients showed a 5-year 
survival over 50 % [ 109 ]. From data reported in the literature [ 109 – 112 ], LT may be 
performed when (1) the disease is limited to the liver and the primary tumor has 
been removed (the primary tumor should be removed before OLT, since an unknown 
primary tumor and exeresis at the time of OLT are negative prognostic factors); (2) 
well-differentiated tumors, measured with a Ki67 <10 %; (3) no major extrahepatic 
resections are required; and (4) the patient has been followed up from the time of 
diagnosis for 1–2 years to evaluate biological behavior.  

6.5.1.3    Colorectal Metastases 
 These have been considered an absolute contraindication to OLT due to dismal 
long-term results; however, a recent Norwegian series of 21 transplanted patients 
reported a 5-year survival of 60 % even with an almost universal recurrence after 
OLT [ 113 ]. The use of mTOR inhibitors and of strict selection criteria may encour-
age new controlled studies to evaluate the usefulness of OLT for this set of patients.  

6.5.1.4    Hepatoblastoma 
 This is the most frequent hepatic primary tumor in children; it is often diagnosed at 
an advanced stage (tumor spread involving both lobes) when surgical resection is 
not possible; in these cases, LT is the only therapeutic option. A recent review com-
ing from data in the United States showed a 5-year survival exceeding 75 % and a 
recurrence rate of 16 % [ 114 ] suggesting that improved survival could be obtained 
if a precise preoperative workup and an adequate chemotherapeutic regimen can be 
applied.  

6.5.1.5    Hepatic Hemangioendothelioma 
 This is a rare tumor derived from endothelial cells which often presents as multifo-
cal disease, with an intermediate clinical course between benign hemangioma and 
malignant angiosarcoma [ 115 ]. Tumor resection is the gold standard; poor results 
have been reported with chemotherapy and radiotherapy. However, the multifocal-
ity of the disease makes a curative resection rarely possible, and LT becomes an 
effective and frequent option with a 5-year survival ranging from 53 % up to 80 % 
[ 115 ,  116 ]. Lymph node invasion and minimal extrahepatic disease are not absolute 
contraindications for transplantation. Only the presence of macroscopic vascular 
invasion signifi cantly affects long-term outcome [ 115 ]. The main challenge remains 
the differential diagnosis with hemangiosarcoma which has, on the contrary, a very 
poor outcome: a recent review from the ELTR reported an overall survival of 
7 months after OLT for hemangiosarcoma [ 117 ]. The immunostaining analysis and 
a 6-month waiting list observation period may help in avoiding unuseful 
transplantation.   
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6.5.2     Benign Tumors 

 Benign liver tumors are a quite common disease reported in almost 20 % of the US 
population [ 118 ] and are the indication for hepatic resections in about 6 % of 
patients [ 119 ]. Liver transplantation has been reported as the treatment of several 
benign hepatic tumors which are listed in Table  6.1 . Reasons for LT were uncertain 
diagnosis or preneoplastic lesions with a high risk of malignant transformation, 
association with metabolic diseases or Kasabach-Merritt syndrome, and abdominal 
encumbrance. However, there is a lack of data regarding the optimal indications for 
LT. Due to the high morbidity, the still signifi cant mortality and the shortage of 
donor grafts, indications for LT remain far from being standardized. In such 
instances, conservative management and surgical resection remain the most adopted 
clinical strategies [ 115 ]. UNOS and ELTR data report the indication for benign liver 
tumors in about 1 % of all LT with a 5-year survival close to 75 % [ 115 ,  120 ,  121 ]. 
The majority of cases were performed due to polycystic disease (about 70 % of all 
cases of benign liver tumors); other less common indications were hepatic adenoma 
and adenomatosis, cavernous hemangioma, nodular regenerative hyperplasia, and 
other rare tumors. 

6.5.2.1    Polycystic Liver Disease 
 Autosomal dominant polycystic disease is genetically heterogeneous, with muta-
tions in two distinct genes (PKD1 and PKD2) predisposing to combined polycystic 
liver and kidney disease and mutation in a third gene, protein kinase C substrate 
80K-H (PRKCSH), accounting for a rare isolated polycystic liver disease without 
renal involvement [ 115 ,  122 ]. The severity of polycystic liver disease often corre-
lates with the severity of renal cystic disease and the degree of renal dysfunction 
[ 115 ]. Most patients are asymptomatic; however, in a few patients, massive and 
large cysts may cause abdominal pain, discomfort, and shortness of breath [ 122 ]. 
Radiologic cyst aspiration or sclerosis has been applied with various degrees of suc-
cess and cyst recurrence; complete cyst fenestration by laparotomy or surgical 
resection has led to a complete, sustained resolution of symptoms but is associated 
with prolonged hospitalization and signifi cant morbidity. For this reason, cyst fen-
estration by laparoscopic approach is the preferred option with less morbidity and 
hospitalization even though a signifi cant recurrence of symptoms has been reported 
[ 122 ]. Liver transplantation offers the best chance of defi nitive treatment in patients 
where the presence of massive and large cysts can cause life-threatening symptoms 
such as malnutrition, weight loss, asthenia, and reduction of oral intake. Symptomatic 
polycystic liver disease with end-stage renal cyst disease is considered for com-
bined liver-kidney transplantation [ 123 ]. 

 Except for a high postoperative risk, long-term results have been reported as 
satisfactory [ 124 ,  125 ]. The increased risk of sepsis might have been due to bacterial 
reservoirs in cysts and/or prolonged poor nutritional status, amplifi ed by the immu-
nosuppressive agents [ 115 ]. A recent German study analyzed the quality of life after 
LT and showed that most of these patients (91 %) can report an improvement in 
social status and better quality of life compared to before LT; 78 % of patients said 
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they would opt for transplantation again [ 126 ]. The risk of developing severe 
cachexia and malnutrition, the excellent long-term results with dramatic improve-
ments in quality of life, and the unreliable representation by the MELD score due to 
the absence of signs of liver failure suggest the need for earlier transplantation, 
avoiding putting the patient on the waiting list too late.  

6.5.2.2    Liver Cell Adenoma and Liver Cell Adenomatosis 
 Liver cell adenoma is increasingly seen due to the widespread use of estrogen-based 
oral contraceptives (incidence of 3 per 1,000,000 per year) [ 127 ]. Symptomatic 
patients usually present with right upper quadrant pain and normal liver function 
tests. Spontaneous bleeding is a well-recognized complication which is often the 
cause of pain. Another serious complication is the risk of malignant transformation 
in about 5 % of patients [ 128 ,  129 ]. Liver transplantation has rarely been reported in 
the treatment of solitary giant adenoma [ 120 ,  121 ]. With the improvements of surgi-
cal techniques and perioperative management, surgical resection is considered the 
treatment of choice for solitary liver cell adenomas larger than 5 cm or complicated 
by hemorrhage or malignant transformation, and LT should be abandoned. 

 Multiple adenomas occur in 10–24 % of all patients with liver cell adenomas, 
forming a new clinical entity known as “liver cell adenomatosis” which was fi rst 
described in 1985 by Flejou [ 130 ]. The typical clinical fi ndings of liver adenomato-
sis are the presence of multiple adenomas (arbitrarily more than three or ten), no 
association with oral contraceptives, no history of glycogen storage disease, pre-
dominant in women, and with unknown etiology [ 131 ]. Intra-tumoral or intraperito-
neal hemorrhage can be present in 46–63 % of patients and is much more frequent 
compared to patients with solitary liver adenoma; malignant transformation is less 
frequent. The risk of complication seems to be related more to the diameter of the 
largest nodule than to the number of nodules. The management of liver adenomato-
sis remains problematic. OLT has been reported in 6 % of published series of liver 
adenomatosis and in more than 5 % of liver transplantations performed for benign 
liver tumors in the United States and Europe [ 120 ,  121 ]. All technical procedures 
should be used, including portal vein embolization, to allow even extensive resec-
tions and remove most nodules, especially the larger ones. After the surgical 
approach, around 25 % patients need a second operation, and 43 % of the remaining 
adenomas continue to grow [ 132 ]. In rare progressive symptomatic forms with mas-
sive liver involvement and/or serious repeated complications, liver transplantation 
might be considered as the last therapeutic option [ 115 ].  

6.5.2.3    Liver Hemangioma 
 Cavernous hepatic hemangioma is the most frequent benign liver tumor with a prev-
alence in autopsy and imaging studies of up to 7 % [ 133 ]. The majority of hepatic 
hemangiomas should be managed conservatively. In a few cases of giant hemangi-
oma refractory to analgesics and with worsening abdominal pain or symptoms due 
to mechanical compression of adjacent organs, surgical resection is indicated [ 115 ]. 
Liver transplantation has been reported in very rare cases of huge hemangiomas 
[ 134 ]. According to a recent review, only 12 cases have been reported in the English 
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literature, and most of them were associated with the presence of Kasabach-Merritt 
syndrome [ 134 ]. Liver transplantation seems to be a very rare indication and is 
required only in exceptional cases.  

6.5.2.4    Caroli’s Disease 
 This is a rare congenital disease characterized by gross segmental dilatation of the 
intrahepatic bile ducts causing a macroscopic appearance of intrahepatic multiple 
cysts; it is included in type IVa and V of Todani’s classifi cation for choledochal 
cysts and combined with polycystic renal disease in a few cases [ 135 ]. It can be 
associated with hepatic fi brosis which is a different entity, named Caroli’s syndrome 
[ 136 ]. Early postoperative outcome has been affected by a high incidence of septic 
and vascular complications; however, the long-term outcome in patients surviving 
more than 1 year after OLT was excellent [ 136 ,  137 ]. From the data available in the 
literature, LT should be advocated earlier during the natural history of the “diffuse 
type” of Caroli’s disease with recurrent biliary infections or when associated with 
hepatic fi brosis.  

6.5.2.5    Nodular Regenerative Hyperplasia 
 NRH is an uncommon disease characterized by the presence of multiple, small non-
fi brotic nodules (less than 1 cm) probably due to vascular abnormalities which are 
the main cause of intrahepatic noncirrhotic portal hypertension [ 138 ]. A few cases 
of OLT have been reported in the literature [ 138 ]. In most patients, successful long- 
term outcome was achieved. Recurrent nodular regenerative hyperplasia has been 
reported in the graft, but only rarely, retransplantation was needed. 

 Other rare indications for liver transplantation for benign hepatic tumors mas-
sively involving the liver are mesenchymal hamartoma, alveolar echinococcosis, 
infl ammatory pseudotumors, and hepatic lymphangiomatosis [ 139 ,  140 ].       
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      Liver Procurement 

             Alessandro     Cucchetti      and     Chiara     Zanfi    

7.1            Donor Evaluation and Management 

 There are very few absolute contraindications for abdominal organ donation, which 
can be summarized in the short form CHUMP: (1) Creutzfeldt-Jakob disease, (2) 
active HIV infection, (3) uncontrolled donor sepsis, (4) history of melanoma or 
other malignancy that poses a risk for transmission regardless of the apparent 
disease- free period, and (5) past history of non-curable malignancy (curable malig-
nancy such as localized small kidney tumors, localized prostate cancer, localized 
colon malignancy >5 years previously may be considered after careful risk/benefi t 
assessment). (Please see also Chaps.   4     and   5    .) 

 Donors with known infections affecting organs not specifi cally considered for 
donation (e.g., a liver donor suffering from pneumonia) can be suitable for dona-
tion; in addition, children who died as a consequence of bacterial meningitis 
( Haemophilus infl uenzae  or  Neisseria meningitidis ) can also be considered for 
donation if the bacteria and its sensitivity are known before liver procurement. 
Prolonged organ ischemia related to severe hypotension or cardiac arrest can repre-
sent a contraindication to donation; however, organ donation after circulatory death 
(DCD) is currently endorsed by the World Health Organization and is currently 
practiced worldwide, as a consequence of the chronic shortage of donors [ 1 ]. The 
1995 Maastricht classifi cation (updated in 2003) defi nes DCD categories according 
to the circumstances of the donor’s death and is detailed in Table  7.1 . To date, the 
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majority of DCD donors in Europe and the United States are type II and III; in 
Japan, where brain death remains culturally unpopular because not permitted until 
very recently, DCD is the predominant form of organ donation [ 1 ].

   In addition to these general criteria, there are organ-specifi c criteria for guiding the 
acceptance of a liver for transplantation. A history of hepatitis or alcoholism is cer-
tainly a warning sign, but both livers from HBsAg-positive and/or HCV-positive 
donors are currently used worldwide, and suitability for transplant must be judged on 
a case-by-case basis [ 2 – 4 ]. In general, in the case of a marginal liver donor, the intra-
operative assessment by the donor surgeon, in addition to liver biopsy pathological 
evaluation, is the best single piece of information. A 1.5-cm 2  subcapsular wedge or 
2.0-cm-long needle core biopsy from the anterior inferior edge of the liver is advo-
cated in the literature for various processes; a summary of pathological fi ndings in 
association with suitability of the liver donor for transplant is reported in Table  7.2  [ 5 ].

   Once these aspects have been taken into account, the transplant team can start the 
liver procurement.  

7.2     Technical Aspects of Liver Procurement 

 There are fundamentally two techniques for liver procurement: the traditional stan-
dard technique developed by Starzl and the rapid en bloc technique. The standard 
technique for procurement of the liver (and pancreas) advocates the use of more 
extensive dissection of the vasculature of abdominal organs prior to cross- clamping. 
This method has been criticized as being time-consuming and potentially adversely 
affecting organs, mainly the liver. In addition, a complete dissection of the porta 
hepatis, and of the pancreas in the case of multiorgan donors, cannot be possible 
when recovering the liver from hemodynamically unstable donors [ 6 ,  7 ]. A rapid en 
bloc technique was developed in the mid-1990s to overcome these aspects. For both 

   Table 7.1    Defi nition of donor after cardiac death based on 2003 Maastricht classifi cation 
(updated in 2003)   

 Category  Description 

 I   Dead on arrival : corneas, heart valves, skin, bone, etc., can be recovered since 
there are no immediate time constraints to minimize tissue injury and there is no 
requirement for a precisely timed approach to tissue recovery 

 II   Unsuccessful resuscitation : patients who suffered a cardiac arrest outside the 
hospital and underwent unsuccessful cardiopulmonary resuscitation (CPR). 
Following declaration of death, CPR is continued until the transplant team arrival 

 III   Awaiting cardiac arrest following withdrawal of care : after the consent of the 
donor family, organs may be recovered after death is declared from patients with 
irreversible brain injury or respiratory failure in whom treatment is withdrawn 

 IV   Cardiac arrest after brain death : a consented brain dead donor has a cardiac arrest 
before scheduled organ recovery 

 V   Cardiac arrest in a hospital patient : like category II originating in hospital 

A. Cucchetti and C. Zanfi 



129

techniques, excellent exposure is achieved through a complete midline sternal-split-
ting and abdominal incision. 

7.2.1     Standard Technique 

 A midline laparotomy from the xyphoid to the pubis is performed and the round 
ligament divided. The intra-abdominal organs are explored to check for eventual 
malignancies, and the quality of the liver is assessed (Table  7.2 ): in the absence of 
contraindications for a transplant, a sternotomy can be performed. Of note, in the 
presence of prior heart surgery, the complete warm dissection should be made prior 
to the sternotomy. It is also prudential to isolate and encircle the aorta prior to ster-
notomy in order to be ready to cannulate in the event of cardiac arrest/injury at 
thoracotomy. A blunt dissection behind the sternum just below the jugular notch 
should be performed until the fi ngertip can be placed retrosternal around the jugular 
notch. The sternotomy is then performed in a cranial to caudal direction with the 
sternum saw to avoid left innominate vein injury. 

 The division of the left triangular ligament allows the mobilization of the left 
lateral segments of the liver and the exposure of the supraceliac aorta just below the 
diaphragm to be encircled. The division of the falciform ligament up to the suprahe-
patic inferior vena cava (IVC) provides more mobility of the liver, necessary when 
the IVC must be divided from a cardiac graft. Before starting the dissection of the 
hepatoduodenal ligament, the hepatogastric ligament must be inspected by dividing 
the lesser omentum. This ligament is usually very thin and transparent so that any 
replaced or accessory left hepatic artery should be easily visible. In addition, palpa-
tion of the ventral border of the foramen of Winslow makes it possible to identify a 

    Table 7.2    Features affecting acceptability of liver graft   

 Pathological fi nding  Acceptable  Unacceptable 

 Macrovesicular 
steatosis 

 <30 %  ≥60 % 

 Microvesicular 
steatosis 

 Any degree  N/A 

 Fibrosis  Stage 1: mild fi brosis, enlargement 
of hepatic portal as a result of 
fi brosis 

 Stage 3: severe fi brosis with many 
bridges of fi brosis that link up 
portal and central areas of the liver 

 Stage 2: moderate fi brosis, 
extending out from the portal areas 
with rare bridges between portal 
areas 

 Stage 4: cirrhosis 

 Viral hepatitis 
activity 

 Grade <5 (Ishak/Knodell)  Grade ≥5 (Ishak/Knodell) 

 Presence of 
granulomas 

 Fibrotic/calcifi ed granulomas  Active granulomas, caseating or 
noncaseating 

 Necrosis  <10 %  ≥10 % 
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possible accessory or replaced right hepatic artery. Variations in the hepatic arterial 
supply can complicate the hilar dissection in up to one third of donors. 

 The hilar structures of the liver are then dissected free; the common bile duct 
(CBD) is dissected on the level of the edge of the second duodenal portion after 
opening of the peritoneum and visualization of the duct. In diffi cult cases, due to a 
high BMI, following the cystic duct out of the gall bladder can help to identify the 
CBD. The CBD should be encircled from the lateral border of the hepatoduodenal 
ligament in order to avoid injury of the portal vein. The CBD and the gallbladder are 
opened and fl ushed with normosaline solution. The origins of the gastroduodenal, 
gastric, and splenic arteries are then identifi ed and encircled and, in the case of liver 
only procurement, will be taped just before cross-clamping in order to increase 
fl ushing through the hepatic artery to the liver. 

 The aorta can be isolated by two approaches. One approach requires mobiliza-
tion of the right colon on top of Gerota’s fascia and should be extended into a 
Kocher maneuver to uncover both the inferior vena cava and the abdominal aorta; 
the other approach is performed by opening the root of the mesentery from the 
Treitz fascia, along the margin of the duodenum until visualization of the right iliac 
vessels and ureter is achieved. The inferior mesenteric artery can be tied and 
divided, and the abdominal aorta, just 2–3 cm above the bifurcation, isolated and 
encircled. The lumbar arteries could be either tied or clipped and then cut in order 
to provide mobility of the aorta and facilitate the cannulation. Two umbilical tapes 
are placed around the dissected segment of the aorta and secured by clamps and 
will be used to secure aortic cannulae to the vessel. The inferior mesenteric vein 
(IMV) is most commonly used for access into the portal system by ligating the 
distal part of it but leaving it uncut to retract the vein with a mosquito clamp. 
Another tie is then placed around the cranial portion of the vein, using it for occlu-
sion of the vein by retracting it while a partial incision of the vein is performed. 
The portal cannula can be inserted into the IMV while the tension of the occluding 
tie is decreased before tying it around the vein and inserted cannula. At this point, 
30,000-IU heparin should be given to prevent the blood from clotting after the 
cross-clamping. Once these preliminary procedures have been completed, the aor-
tic cannulae (20-F armed cannulae) can be inserted into the distal abdominal aorta 
and secured with the umbilical tapes. 

 The subdiaphragmatic aorta is now clamped (cross-clamp), and cold preserva-
tion solution is then rapidly infused through the aortic and portal cannulae; the liver 
fl ow is decompressed by dividing the inferior vena cava in the chest. The abdomen 
is fi lled with water and ice. The choice of solution for infusion and its amount varies 
from center to center. The quality of the fl ush can be assessed by evaluating the 
outfl ow of the supradiaphragmatic IVC which should become more transparent 
with time as the blood in the abdominal organs is replaced by the preservation solu-
tion. After the fl ush is completed, some of the ice is removed from the abdomen to 
allow the cold dissection of the structures. 

 The gastroduodenal, gastric, and splenic arteries can now be divided. Just below 
the gastroduodenal artery, the portal vein can be found and can be followed back, if 
pancreas procurement is not performed, by dividing the head of the pancreas. The 
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cannulae in the IMV can now be removed, the splenic vein ligated and divided, and 
the venous cannulae replaced in the superior mesenteric vein once it is divided from 
its distal branches. The superior mesenteric artery (SMA) can now be found in the 
retro-pancreatic laminae and should be ligated, secured to a clamp and divided in 
order to fi nd the aortic plane by following back the SMA. This dissection must be 
made on the left side of the SMA in order to avoid damage to a possible replaced or 
accessory right hepatic artery. The renal arteries are usually just below the 
SMA. They should be visualized before the suprarenal aorta is divided. This section 
must be made in 45°, fi rst looking for ostia of accessory renal arteries before per-
forming complete separation of the aorta. By following back the splenic and gastric 
arteries, the celiac trunk can be visualized. The aorta must now be divided just 
below the diaphragm, obtaining a patch containing the celiac trunk and the origin of 
the mesenteric artery. 

 At this time point, a fi nger is placed in the supradiaphragmatic IVC helping to 
identify it while the diaphragm is cut. A portion of the diaphragm should be kept 
with the liver to ensure that this gross and fast dissection does not damage the organ. 
The diaphragm is cut to the right, and the incision is then continued between the 
right kidney and the liver, usually dividing the adrenal gland which is a good sign 
that none of the adjacent organs are damaged. The location for division of the infra- 
hepatic IVC depends on the renal veins. These are identifi ed on both sides, and the 
IVC can be safely divided on the virtual line about 1 cm above the renal veins. The 
only structures now holding the liver in the abdomen are the diaphragmatic pillars. 
By keeping the liver to the right thoracic cavity and holding the aortic patch, the 
resected IVC, and the portal vein with its cannulae, the liver removal can be com-
pleted by cutting the diaphragmatic muscles. The liver is freed and taken out of the 
abdomen. A further perfusion with cool preservation solution should be performed 
on the back table before packing the liver in the transportation box usually with 1 l 
of preservation solution. The liver can now be packed in the transportation box.  

7.2.2     Rapid Technique 

 The standard technique of liver procurement often requires 2 or more hours of pre-
liminary dissection of the hepatic structures. This manipulation could inadvertently 
produce warm ischemic injury to the liver by interfering intermittently with either 
portal or hepatic artery fl ow and could increase the risk of injury to vital structures, 
especially an anomalous arterial supply to the liver. In addition, such a prolonged 
procedure could not be tolerated in an unstable donor and is not always conducive 
to collaboration among different transplant teams. The “rapid” technique requires 
no preliminary dissection except for encirclement of the aorta just below the dia-
phragm and cannulation of the inferior mesenteric vein and distal aorta [ 6 ,  7 ]. Once 
the aorta is cross-clamped, cold infusion is begun through both cannulae. The hilar 
dissection can then be completed safely in the cold and rapidly in a bloodless fi eld: 
cold dissection is the same as the standard technique. The preparatory steps by the 
liver procurement teams require only 15–20 min. The “rapid” technique of organ 
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procurement can increase the practicality of harvesting under various adverse cir-
cumstances, for example, in DCD donors. 

 In DCD donors a 20-French chest tube is used for cannulation of the femoral 
artery and a 28-French tube for cannulation of the femoral vein. Phentolamine 
10–20 mg is administered to produce vasodilatation, and 30,000 units of heparin is 
administered as previously described. Following declaration of death, and a 5-min 
waiting time (please see introduction section), the femoral artery is fl ushed with 
preservation solution and the femoral vein opened to decompress the venous sys-
tem. The surgical procedure then starts with a median sternotomy and midline lapa-
rotomy; the pericardium is opened and the thoracic aorta clamped. The abdominal 
organs can now be removed with an en block dissection by dividing the diaphrag-
matic attachments and dissecting in the retroperitoneal space; alternatively, a cold 
standard dissection can be performed.      
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  8      Orthotopic Liver Transplantation 

             Matteo     Cescon      ,     Giorgio     Ercolani      , 
and     Antonio     Daniele     Pinna     

8.1            Standard (Conventional) Technique of Liver 
Transplantation 

 The standard technique of whole liver transplantation (LT) was originally described 
by Starzl, and it has remained substantially unchanged over time [ 1 ,  2 ]. The conven-
tional technique includes (1) the removal of the native liver together with the retro-
hepatic inferior vena cava (IVC) and (2) the use of a venovenous bypass to maintain 
the venous fl ow from the inferior and superior vena cava districts and the shunt of 
the portal system draining the abdominal viscera into the systemic circulation. 

 Before proceeding with the abdominal incision, the venous accesses for the 
venovenous bypass are prepared with a surgical or a percutaneous approach. In the 
fi rst case, the saphenous and the ipsilateral axillary vein are exposed and freed. In 
the second case, the femoral vein and the internal jugular veins are cannulated with 
large-size catheters. 

 A J-shaped incision (right subcostal incision extended to the median line up to 
the xiphoid cartilage) is performed. Alternatively, this incision can be extended to 
the left subcostal line (the so-called “Mercedes” incision). The right and left costal 
margins are retracted with a wide retractor. The J-shaped incision usually leads to a 
lower rate of abdominal wall complications compared to the “Mercedes” incision 
[ 3 ], but it is sometimes insuffi cient in providing optimal visceral exposure. 

 The umbilical ligament is ligated and divided, paying attention to the frequent 
presence of a patent umbilical vein in cases of marked portal hypertension. The 
falciform ligament is divided with electrocautery as far as the suprahepatic hilum. 
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 The dissection of the hepatoduodenal ligament starts with division of the perito-
neal layer close to the liver. This tissue often contains enlarged lymphatic vessels, 
whose division is preferably performed after ligatures rather than with the electro-
cautery in order to reduce the possibility of postoperative ascites. The hepatic artery 
(HA) is isolated and divided, preferably at the level of right and left branches in 
order to keep these vessels as long as possible for the subsequent anastomosis. The 
main bile duct is divided; after this step, it is possible to further isolate the HA by 
dividing the pyloric artery and the gastroduodenal artery (GDA). These maneuvers 
are especially useful when the patient is hemodynamically stable, an acceptably 
short ischemia time is anticipated, and suffi cient hemostasis can be achieved. The 
purpose is to reduce the arterial ischemia time because the HA stump is already 
prepared for the subsequent anastomosis, which is more commonly performed at 
the outlet of the GDA from the common hepatic artery (CHA). When the above 
favorable circumstances are not present, the HA is fully prepared after portal 
revascularization. 

 The arterial periadventitial tissue should be left intact to avoid vasospasm and 
possible arterial dissection. 

 The portal trunk is isolated by freeing it from the abundant lymphatic tissue, 
which surrounds the vessel anteriorly and posteriorly, and should be ligated rather 
than electrocoagulated, especially in cases of elevated portal hypertension. 

 The liver is then mobilized by dividing the left and right triangular ligaments, 
which are often rich in dilated veins, making it necessary to use the electrocautery or 
ligatures with careful control of the bleeding. The mobilization of the left lobe of the 
liver is sometimes diffi cult due to its hypertrophy and its close contact with the spleen. 

 The right adrenal gland is detached from the posterior surface of the liver; to 
avoid bleeding from this gland, which is very fragile and strictly adherent to the 
liver, it is often necessary to ligate and divide it, using sutures for better control of 
bleeding. The above maneuvers allow exposure of the right posterior aspect of the 
retrohepatic IVC. On the left side, the lesser sac is divided, and the posterior perito-
neal tissue covering the vena cava is opened below the caudate lobe, using ligatures 
or electrocoagulation. These maneuvers permit the exposure of the left posterior 
aspect of the infrahepatic vena cava. 

 The suprahepatic inferior vena cava is freed as much as possible from the dia-
phragm in order to obtain a suffi ciently long stump for the upper caval anastomosis, 
and then it is encircled and taped. Inferiorly, the infrahepatic vena cava is isolated 
and taped, this maneuver being facilitated by the division of one or more inferior 
accessory hepatic veins. 

 As mentioned above, the original standard technique of LT includes the use of 
the venovenous bypass. In fact, some groups routinely perform LT without bypass, 
which is required only exceptionally in their experience [ 4 ]. Avoidance of bypass is 
possible when the anesthesiology team is very experienced and able to maintain the 
hemodynamic stability during the anhepatic phase through an accurate balance of 
intravenous fl uid infusion and vasopressors. 

 Together with preservation of an adequate hemodynamic state, the venovenous 
bypass prevents from splanchnic and caval sequestration and renal failure due to 
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blood stagnation [ 5 ]. It is constructed with the Griffi th circuit and a Bio-Pump, 
which collects the blood coming from one catheter inserted in the iliac vein (through 
the saphenous or the femoral vein) and one catheter inserted into the portal vein 
trunk. The blood is then pumped to the superior vena cava circulation through the 
axillary vein or the internal jugular vein with a velocity ranging from 1 to 
2–2.5 L/ min. 

 After preparation and starting of the bypass, the recipient vena cava is cross- 
clamped below the liver with a DeBakey clamp and above the liver with a large, 
curved clamp, robust enough to include a portion of the diaphragm containing the 
diaphragmatic veins. 

 The suprahepatic IVC is divided inside the liver, at the level of the stumps of the 
major hepatic veins, for subsequent modeling of a large orifi ce for the anastomosis. 
The inferior caval stump is obtained by sectioning it around 1 cm above the inferior 
clamp. The native liver is removed, and hemostasis of the retrohepatic space, at the 
level of the middle diaphragmatic line, is achieved with sutures given the constant 
tendency to bleeding of this area. 

 The liver graft is then removed from the cooler and placed in the operation fi eld, 
wrapped in a laparotomic gauze soaked in cold saline solution. 

 The upper caval anastomosis is performed by positioning of stay sutures on the 
right and left corners and with a running, preferably everting, 3/0 or 4/0 PROLENE® 
suture. 

 The lower vena cava anastomosis is performed with a 4/0 PROLENE® running 
suture. Simultaneously, the graft is washed with 700–1,000 mL of cold (4 °C) saline, 
Ringer or albumin-containing solution through the catheter placed in the portal vein 
during organ retrieval, with the aim of eliminating the preservation solution con-
tained in the liver and of preventing air embolism. The preservation solution is often 
rich in potassium, whose sudden elevation in the blood after graft reperfusion could 
cause arrhythmias or cardiac arrest. 

 The catheter placed in the recipient portal vein for the bypass is removed, and an 
end-to-end portal vein anastomosis is performed, after positioning of stay sutures, 
with an over-and-over, or everting, 5/0 or 6/0 PROLENE® running suture. It is 
preferable not to tie the suture tightly, but to leave about 0.5–1 cm of loose tie (the 
so-called growth factor [ 6 ]) because the portal vein wall is often subjected to some 
degree of distension after portal vein unclamping, especially in the case of elevated 
portal hypertension. A tight tie could determine portal vein stricture (Fig.  8.1 ).  

 The sequence of vascular clamp release is variable, but usually the suprahepatic 
vena cava is unclamped fi rst, followed by the portal vein and lower IVC. At this 
stage, the anesthesiology team must keep the central pressure low in order to avoid 
an excessive cardiac preload that could affect adequate venous outfl ow from the 
graft. 

 The arterial anastomosis is usually performed in an end-to-end fashion between 
the branch patch obtained between the recipient CHA and the origin of the GDA 
and the CHA of the donor liver. On the recipient side, the arterial stump obtained by 
extending the orifi ce of the CHA to the GDA is usually as large as possible, and it 
prevents any steal phenomenon through the GDA, whose distal stump is carefully 
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sutured. At the same time, using the donor CHA normally allows a short and straight 
reconstruction. Performing the anastomosis on the donor celiac trunk has the theo-
retical advantage of a wider stump on the donor side, but it usually determines an 
excessive length of the post-anastomotic arterial axis, with the consequent risk of 
kinking. In addition, the donor celiac artery, and even more the Carrel patch, is 
much more frequently involved by atherosclerotic plaque than the CHA in the case 
of older donors. Depending on the size of the arteries, the anastomosis is usually 
performed with 6/0, 7/0, or 8/0 PROLENE® sutures, which can be a running or an 
interrupted one. Wider arterial orifi ces, especially on the donor side, can be obtained 
by creating oblique stumps. 

 Other recipient sites for arterial reconstruction can be the proper hepatic artery, 
especially at the bifurcation of the right and left branches, or an accessory/replaced 
right hepatic artery (aRHA) from the superior mesenteric artery (SMA) in the case 
of absent or small CHA, or the splenic artery (SA) close to its origin from the aorta 
in the case of unsuitability of any HA [ 7 ]. In this latter case, the reconstruction may 
require an interposition donor arterial graft due to the distance between SA and 
CHA, and the anastomosis can be performed in an end-to-end or an end-to-side 
fashion. A careful evaluation of possible consequences is necessary when using the 
recipient SA, because an end-to-end anastomosis requires the interruption of arte-
rial fl ow to the spleen through the SA itself, while an end-to-side anastomosis could 
determine a steal phenomenon by the spleen. 

 When the recipient HA is unsuitable, as in the case of very small size or dissec-
tion due to surgical maneuvers, or previous intra-arterial treatments, arterial revas-
cularization can also be obtained by interposing an arterial vascular graft between 
the infrarenal aorta, or the supraceliac aorta [ 8 ], and the HA. In such cases, a donor 
iliac artery is more frequently used as an interposition graft. The recipient aorta is 
isolated and clamped longitudinally, and an end-to-side anastomosis is performed 
fi rst with the vascular graft, usually with a 5/0 or 6/0 PROLENE® running suture. 
If the infrarenal aorta is used, the arterial graft is then passed through the transverse 

  Fig. 8.1    Completion of 
end-to-end portal vein 
anastomosis in orthotopic 
liver transplantation. The 
running suture was not fully 
tied, leaving a loose tract of 
the thread (“growth factor”) 
to allow distension of the 
anastomosis after reperfusion, 
thus preventing portal vein 
stricture       
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mesocolon, behind the stomach, and in front of the pancreas, for the subsequent 
end-to-end anastomosis with the donor HA. 

 In around 20–30 % of cases, the liver graft presents with arterial anomalies, more 
frequently consisting in an aRHA (from the SMA), an accessory left hepatic artery 
(aLHA, from the left gastric artery), or a combination of the above. 

 In the case of an aRHA, it is usually reconstructed in an end-to-end fashion with 
the donor GDA (Fig.  8.2 ). Alternatively, it can be reconstructed on the stump of the 
donor SA. The aRHA can be preserved also by creating a single donor arterial 
stump with an end-to-end anastomosis between the celiac artery and the SMA (the 
so-called mesenteric conduit), which is subsequently anastomosed to the recipient 
HA. However, this technique may lead to an excessively long arterial tract.  

 In the case of an aLHA, its preservation requires a reconstruction between the 
recipient HA and the donor celiac artery, with the already-mentioned risk of kink-
ing. In most cases, the aLHA is very small and can simply be ligated. If the aLHA 
is very large, after HA reconstruction the entire arterial axis is rechecked for its 
length after positioning of the aLHA deeply below the left lobe of the liver. If kink-
ing is visible, the HA can be shortened, with a subsequent end-to-end anastomosis 
(Fig.  8.3 ).  

 In general, when multiple reconstructions are anticipated, the arterial backfl ow 
through the stumps of accessory arteries should be checked, and an intraoperative 
color Doppler ultrasound examination should be performed in order to quantify the 
parameters of perfusion of areas vascularized by accessory arteries. If a pulsate 
backfl ow is present and the left lateral segment or the right posterior segments 

  Fig. 8.2    Reconstruction of a 
donor accessory right hepatic 
artery on the stump of the 
donor gastroduodenal artery       
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display a normal arterial fl ow pattern, the reconstruction of accessory arteries is not 
strictly necessary. 

 In our early experience, grafts from older donors, the use of interposition arterial 
grafts, multiple arterial reconstructions, and the absence of antiplatelet prophylaxis 
were predictors of arterial complications [ 9 ]. However, in a more recent experience, 
only interposition grafts and HA anatomical variations remained factors indepen-
dently related to HA thrombosis after LT [ 10 ]. 

 When a portal vein thrombosis is present in the recipient, different types of portal 
vein reconstruction have been suggested and will be discussed in a dedicated sec-
tion. In these cases, a completely normal or physiological portal fl ow might not be 
restored. Thus, completion of the HA reconstruction is advisable before portal 
reperfusion, with subsequent simultaneous arterial and portal reperfusion. This 
strategy may lead to a slightly longer warm ischemia time, but it ensures adequate 
graft revascularization. 

 In general, there is no absolute agreement on the best sequence of graft reperfu-
sion, which can be retrograde (by releasing the caval clamp fi rst), portal, or arterial. 
However, initial portal vein revascularization is certainly the most frequently 
adopted [ 11 ,  12 ]. 

 The biliary reconstruction is usually performed between the donor and recipient 
main bile ducts in an end-to-end fashion, using a 5/0 or 6/0 PDS® running or inter-
rupted suture. 

 The bile duct stumps must be well vascularized, and in this sense electrocau-
terization should be avoided around these elements. Ideally, the sectioning of the 
donor and recipient bile ducts is best performed above and below the junction of the 
cystic ducts, respectively, provided that the two bile duct stumps are long enough 
to be anastomosed without stretching. These sectioning sites guarantee good 

  Fig. 8.3    Liver graft with a common hepatic artery and two accessory arteries ( right  and  left ). In 
this case, the accessory right hepatic artery was reconstructed on the donor gastroduodenal artery 
after anastomosis between the recipient common hepatic artery and the donor celiac artery. 
However, the entire arterial tract appeared too long and at risk of kinking; thus, the donor common 
hepatic artery was shortened with a subsequent end-to-end anastomosis       
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vascularization and eliminate the risk of posttransplant dilation of a retained cystic 
duct, which could be progressively fi lled with mucus and compress the bile duct, 
causing its stricture. 

 A T-tube can be inserted into the bile duct before completion of the anastomosis 
of the anterior walls. The upper and lower short branches of the tube are placed 
across the anastomosis and in the distal bile duct, respectively, while the long branch 
is brought out through the recipient bile duct wall around 2 cm distally to the anas-
tomosis and then through the abdominal wall. The T-tube has the advantage of 
allowing intra- and postoperative cholangiography, maintaining a patent lumen in 
the case of tendency to stricture for different causes (technical, vascular), and drain-
ing the bile outside in the case of bile leaks. The main disadvantage lies in the pos-
sibility of bile leaks during T-tube removal. 

 At present, there is no evidence of superiority or inferiority of biliary anastomo-
sis performed with or without a T-tube [ 13 ]. 

 When there is a discrepancy in the size of bile ducts, end-to-end anastomosis can 
still be performed in many cases, especially when the recipient bile duct is larger. 
Otherwise, a side-to-side or end-to-side anastomosis or a choledochojejunostomy 
can be carried out. The latter could represent the only possible bile duct reconstruc-
tion in particular circumstances, such as previous biliary procedures, retransplanta-
tion, marked bile duct discrepancy, or sclerosing cholangitis. Usually the bilioenteric 
anastomosis is performed in an end-to-side fashion between the donor common 
hepatic duct (or choledocus) and a Roux-en-Y jejunal loop, following the conven-
tional principles of biliary surgery. The anastomosis is usually performed with a 
running or interrupted 5/0 or 6/0 PDS® suture. A small urethral or infant feeding 
tube can be placed across the anastomosis, either as a short disposable catheter or as 
a Witzel-tunneled catheter brought out through the jejunal loop around 15 cm dis-
tally from the anastomosis. 

 At the end of the procedure, two suction drains or tubes are normally placed in 
the right subdiaphragmatic space and below the hilum of the liver graft.  

8.2    Liver Transplantation with Preservation of the Inferior 
Vena Cava 

 LT with preservation of the recipient vena cava has been proposed as an alternative 
to the conventional LT technique with the main advantage of maintaining the caval 
fl ow throughout the procedure [ 14 ], thus avoiding the use of the venovenous bypass. 

 The fi rst stage of the procedure is identical to the conventional technique, with 
preparation of the hepatoduodenal ligament. Bile duct and HA are divided, while the 
portal trunk is left intact to preserve the portal fl ow until the late stages of the hepa-
tectomy. The right branch of the portal vein can be ligated in order to decrease the 
hepatic infl ow, thus reducing the bleeding from the liver parenchyma and, in some 
circumstances, decreasing the liver volume. This maneuver facilitates the detach-
ment of the native liver from the retrohepatic vena cava. Alternatively, intermittent 
portal clamping can be used or a temporary portacaval shunt [ 15 ] can be performed. 
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 After division of the triangular ligaments has been completed, the infrahepatic 
vena cava is approached from both the right and the left sides. On the left side, the 
lesser sac is opened through ligatures, electrocautery, or other devices. The perito-
neum surrounding the infrahepatic vena cava is opened, and left-sided small acces-
sory hepatic veins are ligated, or sutured, and divided. The Spiegel lobe can be 
raised, and at least one large hepatic vein draining the caudate lobe is encountered. 
Its division might be diffi cult in the case of caudate lobe hypertrophy. 

 On the right side, accessory hepatic veins are also divided in a caudo-cranial 
direction. The dorsal ligament of the vena cava is taken down, so that the liver can 
be raised and rotated to the left side, allowing exposure of the entire anterior surface 
of the infrahepatic vena cava up to the outlet of the three major hepatic veins. 

 At this point, the portal vein can be clamped and divided. The right, middle, 
and left hepatic veins are clamped with a robust clamp, and the native liver is 
removed. 

 There are different techniques of caval anastomosis. The one initially described 
in humans by Tzakis et al. [ 14 ] is known as the “piggyback technique” and consists 
in the division of the septa between the right hepatic vein and the common trunk of 
the middle and left hepatic veins and between the latter two veins, thus obtaining a 
single, wide orifi ce for the anastomosis with the suprahepatic vena cava of the liver 
graft. When the three major hepatic veins do not lie on the same frontal plane, it is 
usually necessary to include a portion of the anterior caval wall into the clamp bite, 
and a venoplasty of the hepatic veins is performed. The anastomosis is usually per-
formed with a running suture with a 4/0 PROLENE® stitch. 

 An alternative to the above technique consists in the division of the right hepatic 
vein with suturing of its caval side, followed by clamping of the common trunk of 
the middle and left hepatic veins with inclusion of a portion of the anterior surface 
of the vena cava. The septum of the middle and left hepatic veins is divided, and the 
anterior wall of the vena cava included in the clamp bite is opened transversally for 
at least 1 cm, so as to obtain a suffi ciently wide stump. Ligature of the right branch 
of the portal vein is advisable before division of the right hepatic vein in order to 
avoid liver congestion. 

 Another technique of outfl ow reconstruction is represented by the cavo-caval 
anastomosis (cavocavostomy) [ 16 ,  17 ] (Fig.  8.4 ). On the recipient side, the caval 
orifi ce can be obtained by the closure of the stump of hepatic veins and the longitu-
dinal opening of the anterior caval wall or by including the three hepatic veins and 
the longitudinal vena cava opening in a single stump. On the donor liver side, the 
stump can be formed by the suprahepatic vena cava, the suprahepatic vena cava with 
longitudinal opening of the caval wall, or by this longitudinal opening only, after 
closure of the suprahepatic vena cava orifi ce.  

 Therefore, depending on the above variations, side-to-side or end-to-side cavo-
cavostomy can be performed. 

 Despite its popularity and advantages, also sustained by our randomized study 
reported more than 10 years ago [ 18 ], there is currently no evidence to recommend 
or refute the use of the piggyback method compared to the conventional technique 
of liver transplantation [ 19 ]. 
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 The portal vein anastomosis is performed as in the conventional technique. 
Before declamping the caval anastomosis, the liver graft is fl ushed with cold saline 
solution, Ringer solution, or albumin-containing solution so as to wash out the pres-
ervation fl uid contained in the liver. The same effect can be obtained by restoring 
the portal fl ow, leaving the blood pouring from the caudal stump of the infrahepatic 
vena cava of the graft. At the end of the fl ushing, this stump is closed and the clamps 
on the caval and portal anastomosis are defi nitively removed. The arterial and bili-
ary anastomoses are performed as with the conventional technique.     
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  9      Anaesthetic and Perioperative 
Management for Liver Transplantation 

             Antonio     Siniscalchi      ,     Elisabetta     Pierucci      , 
and     Stefano     Faenza     

9.1            Pathophysiological Effects of Liver Disease 
and Preoperative Evaluation 

9.1.1     Central Nervous System 

 Hepatic encephalopathy (HE) is a brain dysfunction caused by liver insuffi ciency 
and/or portal systemic shunt (PSS); it manifests as a wide spectrum of neurological 
or psychiatric abnormalities ranging from subclinical alterations to coma [ 1 – 3 ]. The 
pathogenesis of hepatic encephalopathy is not completely understood, but most 
theories implicate elevated levels of ammonia, a gut-derived neurotoxin, which is 
shunted to the systemic circulation from the portal system [ 4 ]. Computed tomogra-
phy, magnetic resonance or other imaging techniques do not contribute to the diag-
nosis or to the staging of the pathology [ 5 ]. However, the risk of intracerebral 
haemorrhage is at least fi vefold increased in this patient population [ 6 ], and the 
symptoms may be indistinguishable; hence, a brain scan is usually part of the diag-
nostic workup of patients developing HE for the fi rst time and on clinical suspicion 
of other pathologies [ 5 ,  7 – 9 ]. 

 Patients who develop fulminant hepatic failure are at risk for hepatic encepha-
lopathy, cerebral oedema with increased intracranial pressure (ICP) and herniation. 
In cases of altered mental status, a head CT scan is often indicated to evaluate intra-
cranial bleeding, herniation, the extent of cerebral oedema or both.  
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9.1.2     Cardiovascular System 

 Patients with advanced cirrhosis present a hyperdynamic circulatory syndrome con-
sisting in a reduction of peripheral vascular resistance and an increase in cardiac 
output so that they manifest arterial hypotension and tachycardia [ 10 ]. 

 The pathophysiological background of these abnormalities has been recently identi-
fi ed in the arteriolar vasodilation, mainly developed in the splanchnic area, which 
reduces effective volaemia and provokes the compensatory activation of vasoconstric-
tor neurohumoral systems. Although the mechanisms leading to arterial vasodilation 
are not fully clarifi ed, a pivotal role is played by an imbalance of vasoactive substances, 
in favour of an increased production and activity of vasodilators [ 11 – 14 ]. In the last 
decade, experimental and clinical studies have demonstrated that cirrhosis is also asso-
ciated with abnormalities of cardiac function, involving both contractility and electro-
physiology, which have been termed ‘cirrhotic cardiomyopathy’. These abnormalities 
usually remain subclinical, and their signifi cance is still under discussion. However, it 
is generally thought that they can be unveiled by stress conditions, such as physical 
exercise, bleeding, infections and major surgery. Ventricular diastolic dysfunction and 
electrophysiological abnormalities such as chronotropic incompetence and a prolonged 
QT interval also are demonstrated in cirrhotic patients [ 15 ]. Systemic conditions such 
as haemochromatosis (ventricular hypertrophy with increased end-diastolic and end-
systolic volumes), amyloidosis (restrictive cardiomyopathy), Wilson’s disease (supra-
ventricular extrasytolic beats) and alcoholism (systolic and diastolic dysfunction) can 
affect liver and cardiac function [ 16 ]. The assessment and management of liver failure 
patients with coronary artery disease (CAD) are currently one of the most controversial 
areas in the fi eld [ 17 – 19 ]. Many studies have revealed that CAD, both overt and occult, 
occurs at least as commonly in the pre-liver transplant population as it does in matched 
controls, and that, when present, CAD predicts a poor outcome [ 20 ,  21 ].  

9.1.3     Pulmonary System 

 The pulmonary complications associated with liver disease include restrictive lung 
disease, intrapulmonary shunts, ventilation-perfusion abnormalities and pulmonary 
hypertension. The restrictive disease is the result of ascites and/or pleural effusions 
and frequently responds to fl uid removal. Hepatopulmonary syndrome (HPS) is 
defi ned by the combination of intrapulmonary vascular dilatation (IPVD) and 
hypoxemia in patients with chronic liver disease or portal hypertension [ 22 ]. IPVD 
can cause a right to left shunt resulting in an elevated alveolar-arterial oxygen pres-
sure gradient (A-aDO 2 ) and hypoxemia [ 23 ,  24 ]. 

 The contrast-enhanced transthoracic echocardiography (CE-TTE) can detect a 
shunt and establish HPS diagnosis. In the occurrence of HPS, micro-bubbles will be 
visualized going from the right to the left atrium within four to six beats [ 24 ]. 

 Portopulmonary hypertension syndrome (POHS) is defi ned by portal hyperten-
sion, mean pulmonary artery pressure (mPAP) >25 mmHg, pulmonary vascular 
resistance (PVR) >240 dyn s cm −5  and pulmonary artery occlusion pressure 
(mPAOP) <15 mmHg [ 22 ,  25 ]. 
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 POHS is a relatively common condition among LT candidates with a prevalence 
of approximately 6 % [ 26 ,  27 ]. Portopulmonary hypertension has been classifi ed 
into mild (mean pulmonary artery pressure 25–35 mmHg), moderate (35–45 mmHg), 
or severe (>45 mmHg). There seems to be no increased perioperative risk for liver 
transplant candidates with mild portopulmonary hypertension, whereas moderate 
and severe disease is associated with increased mortality. Patients with severe por-
topulmonary hypertension have been reported to have mortality rates as high as 
42 % at 9 months [ 28 – 31 ].  

9.1.4     Renal System 

 Acute kidney injury commonly occurs in patients with chronic liver disease and is 
present in up to 20 % of patients hospitalized with decompensated cirrhosis [ 32 ]. 
Gastrointestinal bleeding, diarrhoea from infection or lactulose administration, and 
diuretic medications change circulatory function by causing hypovolaemia and can 
result in prerenal injury [ 33 ,  34 ]. 

 However, the predominant functional cause of renal failure in patients with 
hepatic failure is hepatorenal syndrome. As cirrhosis progresses, reduction in sys-
temic vascular resistance activates the renin-angiotensin and sympathetic nervous 
systems, leading to ascites, oedema, and vasoconstriction of the intrarenal circula-
tion and consequently renal hypoperfusion [ 35 ]. The identifi cation of patients with 
advanced renal disease needing combined liver-kidney transplants is of paramount 
importance in the preoperative setting, but also the treatment of pre-existing acid- 
base abnormalities and plasma volume defects, which might worsen advanced renal 
disease in the perioperative period, is fundamental [ 36 – 39 ].  

9.1.5     Gastrointestinal System 

 Portal hypertension from cirrhosis causes oesophageal varices and portal gastropa-
thy. Oesophageal varices are found in about 50 % of patients with cirrhosis at the 
time of diagnosis [ 40 ]. Portal hypertension leads to ascites, which is usually man-
aged medically by dietary sodium restriction and diuretic use [ 40 ].  

9.1.6     Haematologic and Coagulation System 

 In patients with hepatic disease, the alterations in the haemostatic capacity of the blood 
can go towards both bleeding and thrombosis. Inadequate synthesis of all coagulation 
factors (except for von Willebrand’s factor and factor VIII), thrombocytopenia, platelet 
function defects, dysfi brinogenaemia, and elevated tissue plasminogen activator (tPA) 
levels can cause bleeding. Elevation of von Willebrand’s factor and factor VIII and 
decreased levels of protein C, protein S, antithrombin, α 2- macroglobulin, plasmino-
gen, and heparin cofactor II can promote thrombosis. Factors VII, X, V, II (prothrom-
bin), and I (fi brinogen) have a short half-life (hours to days) and are synthesized solely 

9 Anaesthetic and Perioperative Management for Liver Transplantation



146

by hepatocytes, making possible a ‘semi real- time’ evaluation of hepatic synthetic 
function [ 41 – 43 ]. Levels of fi brinogen, an acute phase reactant, are normal or increased 
in mild-to-moderate liver disease. In patients with severe hepatic dysfunction, however, 
fi brinogen is poorly synthesized and dysfunctional, which increases the risk of bleed-
ing [ 44 – 49 ]. Thrombocytopenia results from several factors: portal hypertension with 
hypersplenism and platelets sequestration, consumption of platelets during systemic 
intravascular coagulation and impaired hepatic synthesis of thrombopoietin [ 50 ,  51 ]. 
Moreover, uraemia from acute kidney injury and intrinsic defects of ADP, arachidonic 
acid, collagen, and thrombin also prevents platelet aggregation by contributing to a 
defective signal transduction.  

9.1.7     Endocrine System 

 In liver diseases it is widely known that the carbohydrate and protein metabolism is 
impaired; hence, glucose intolerance and insulin resistance may occur [ 52 ]. 

 In acute fulminant hepatitis, depletion of glycogen stores, decreased gluconeo-
genesis, and other humoral changes may result in a severe hypoglycaemia. 

 Table  9.1  synthesizes the main organ dysfunctions related to liver cirrhosis.

9.1.8        Preoperative Assessment 

 Routine tests of interest for the anaesthesiologist include: complete blood count; 
urea, creatinine, and electrolytes; liver function studies, including albumin and 
transaminases; coagulation studies, including PTT and INR; virology studies, 
including hepatitis A, B, and C, cytomegalovirus, Epstein-Barr virus, herpes sim-
plex virus, HIV, varicella zoster virus; blood group and antibody screening; arterial 
blood gas, if oxygen saturations are low; electrocardiogram; chest X-ray, posteroan-
terior and lateral; transthoracic echocardiogram, including estimation of pulmonary 
artery pressures; and pulmonary function studies in smokers or those with a history 
of pulmonary disease. Additional investigations are typically undertaken at the dis-
cretion of the preoperative assessment physician, although many centres use local 
protocols or guidelines to guide practice [ 28 ,  53 – 57 ]. 

 In our institution the pre-anaesthetic evaluation is performed in two stages. In the 
fi rst stage, all LT candidates are examined by the anaesthesiologist; then they are 
evaluated by a multidisciplinary team (including haematologists, surgeons, anaes-
thesiologists, cardiologists, specialty nurses, psychologists, transplant coordina-
tors); the patients are then placed in the waiting list. 

 The assessment of any neurological deterioration occurring after the initial fi rst- 
stage evaluation is imperative; also signs of progressive metabolic acidosis, infec-
tion or sepsis, cardiovascular instability, pulmonary infection, and severe 
coagulopathy need to be corrected and treated. 

 The second-stage evaluation is performed immediately before surgery, for the 
anaesthetic planning. Patients older than 50, with clinical or family history of heart 
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disease or diabetes, undergo evaluation for CAD with emission computed tomogra-
phy using technetium-99. In case of CAD the patients undergo arteriography of the 
coronaries, or, if the examination is considered dangerous, a computed tomography 
angiography may be preferred. When needed, the patients undergo percutaneous 
treatment with angioplasty or stenting of the coronary lesions to prepare them for 
transplant. In case of elevated pulmonary pressures, the patients undergo right-heart 
catheterization.   

9.2     Intraoperative Monitoring and Management 
of Liver Transplant Recipients 

9.2.1     Monitoring 

 Routine monitoring includes ECG, oxygen saturation, and invasive blood pres-
sure before induction of anaesthesia. Invasive arterial blood pressure monitoring 
is essential for providing continuous monitoring and evaluate frequent haemody-
namic changes. Pulmonary artery catheters, oesophageal Doppler, pulse contour 
analysis (PiCCO), lithium dilution technique (LIDCO) and transoesophageal 
echocardiography (TEE) are all used in different centres. TEE has been used only 
sporadically as a cardiovascular monitor during orthotopic liver transplant. This is 
most likely because of concerns regarding the risk of provoking haemorrhage of 
the gastric or oesophageal mucosa in patients with portal hypertension and 
impaired coagulation [ 58 ]. Despite these concerns, in some centres, the use of this 
technique is routinely used to improve the monitoring of volume status and myo-
cardial function and to assess the response to cardioactive drugs [ 59 ]. Intraoperative 
TEE may provide additional critical information, such as identifi cation of intra-
cardiac thrombi [ 60 ] or complications related to TIPSS [ 61 ]. Recently, a report 
presented a case of postreperfusion graft congestion; TEE revealed a haemody-
namically signifi cant thrombotic stenosis of the IVC [ 62 ]. The PiCCO technology 
to assess cardiac output is another less invasive monitoring technique compared to 
pulmonary arterial catheterization. This device enables the assessment of intra-
vascular blood volume and therefore guides a correct intraoperative fl uid manage-
ment [ 63 ]. Coagulation monitoring is best provided by thromboelastography 
(TEG) although platelet count, activated prothrombin time, thromboplastin time, 
fi brinogen, and fi brinogen decay products can also supply information and guide 
reintegration therapy [ 64 ,  65 ].  

9.2.2     Anaesthesia Management: Induction and Maintenance 

 Anaesthesia typically is performed in a rapid sequence, and ventilation is started 
immediately. A steep drop in SpO 2  can occur rapidly after anaesthesia induction in 
patients with pre-existing hypoxemia and ascites [ 66 ]. 
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 Generally the patients are ventilated with anaesthesia-integrated machine, with 
minimal fl ow technique; a balanced technique is used for maintenance of anaesthe-
sia, with a volatile agent, narcotic and non-depolarizing muscle relaxant [ 13 ]. The 
lungs are ventilated using a protective strategy with a combination of low tidal vol-
umes (6–8 mL/kg), a positive end expiratory pressure of 6–8 cm H 2 O and regular 
recruitment manoeuvres [ 67 ,  68 ]. The effects of the anaesthetic technique on patient 
outcome are unknown. It has been suggested that isofl urane offers advantages over 
sevofl urane and desfl urane in terms of its impact on splanchnic blood fl ow; how-
ever, the evidence supporting this assertion is weak. Investigations addressing the 
effects of desfl urane had confl icting results. In an animal study, desfl urane has been 
shown to decrease hepatic blood fl ow in a dose-dependent manner at concentrations 
up to 1 MAC. However, a human study, although excluding patients with hepatic 
diseases and achieving non-statistically signifi cant results, has shown increased 
hepatic blood fl ow using desfl urane compared to isofl urane [ 69 ]. Another study 
comparing the effects of desfl urane and sevofl urane in terms of hepatic blood fl ow 
and hepatocellular integrity showed that both agents preserved well the hepatic 
functions, but decreased splanchnic perfusion and oxygen delivery to the liver. The 
increased metabolism of sevofl urane which is a hundred times that of desfl urane is 
not known to have detrimental effects on the liver [ 70 ]. Paralysis is titrated to 
achieve suppression of the neuromuscular function, assessed using a peripheral 
nerve stimulator. Cisatracurium may be the preferred neuromuscular blocking agent 
in patients undergoing liver transplantation because of its organ-independent elimi-
nation and diminished histamine release [ 71 ,  72 ].  

9.2.3     Intraoperative Management: Preanhepatic Stage 

 The preanhepatic phase begins with the surgical incision and ends with the cross- 
clamping of the portal vein, the suprahepatic inferior vena cava, the infrahepatic 
inferior vena cava, and the hepatic artery. This phase involves dissection and mobi-
lization of the liver and identifi cation of the porta hepatis. 

 With abdominal incision and drainage of ascites, hypovolaemia typically occurs. 
During this phase of surgery, ascites is drained, adhesions are taken down, the vas-
cular and biliary structures are identifi ed, and the diseased liver is mobilized. Blood 
loss during this phase of surgery may be signifi cant. Previous abdominal surgery 
(including hepatic resection or liver transplant) or previous intra-abdominal sepsis, 
including spontaneous bacterial peritonitis, may make this phase of surgery more 
diffi cult and the bleeding more signifi cant. Coagulation status should always be 
monitored by inspection of the surgical fi eld. Patients with active sites of bleeding 
should be transfused with fresh-frozen plasma, packed red blood cells, prothrombin 
complex concentrates, antifi brinolytic, recombinant factor VIIa (rFVIIa) or plate-
lets [ 73 ,  74 ]. In addition, desmopressin can be considered for patients with con-
comitant renal dysfunction and uraemic bleeding. Measurements from 
thromboelastography (TEG) or rotational thromboelastometry (ROTEM) assess the 
viscoelastic properties of a whole blood sample as a function of time to refl ect the 
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function and interaction of coagulation factors, blood cells and platelets. These 
measurements detect a hypercoagulable state and distinguish hyperfi brinolysis from 
other causes of coagulopathy, such as factor depletion or thrombocytopaenia, to 
offer a composite picture of the clotting cascade [ 74 – 93 ]. The maintenance of a low 
positive CVP during parenchymal transection is desirable to reduce hepatic venous 
bleeding and to allow an easier control of venous injury, because a low CVP can be 
translated into a low pressure in the hepatic veins and sinusoids. However, the risks 
of a low CVP include cardiovascular instability, air embolism [ 91 ,  94 ,  95 ] and 
adverse outcomes including acute renal failure. Thus, maintenance of low venous 
pressures must be balanced against adequate perfusion of the organs. The use of 
terlipressin to achieve these goals has been investigated, demonstrating a reduced 
portal venous pressure whilst maintaining the renal perfusion [ 96 ]. However, further 
studies are required to evaluate its safety in terms of splanchnic perfusion and post-
transplantation portal venous blood fl ow [ 97 ]. 

 Hyponatraemia should not be corrected rapidly. A perioperative rise of 
21–32 mEq/L in the serum sodium level was associated with central pontine 
myelinolysis in one report, whereas an increase of 16 mEq/L was not [ 98 ]. Citrate 
intoxication, ionized hypocalcaemia resulting from the infusion of citrate-rich 
blood products in the absence of hepatic function, is avoided by the administra-
tion of calcium chloride. Ionized hypomagnesaemia also results from citrate infu-
sion, but values of ionized magnesium gradually return to normal after graft 
reperfusion [ 99 ].  

9.2.4     Intraoperative Management: Anhepatic Stage 

 The anhepatic stage begins with the occlusion of vascular infl ow to the liver and 
ends with graft reperfusion. There are two major approaches to the removal of the 
diseased liver: piggyback technique and venovenous bypass [ 100 ]. 

 Piggyback technique uses only partial or side clamping of the IVC, with pres-
ervation of some caval fl ow. This technique causes less haemodynamic compro-
mise and leads to shortened operative and warm ischaemia times, reduced red 
blood cell and blood product use, and similar graft function and survival outcomes 
[ 101 ]. Venovenous bypass (an extracorporeal circuit to bypass the IVC cross-
clamp and return venous blood from the portal and lower body districts) [ 102 ] 
attenuates the decrease in preload, improves renal perfusion pressure, lessens 
splanchnic congestion and delays the development of metabolic acidosis [ 103 ]. 
The use of VVB is not without risk; in fact, air embolism, thromboembolism and 
incidental decannulation may be fatal or result in signifi cant morbidity. VVB is 
not uniformly used at all centres [ 104 – 106 ]; a reasonable approach is to consider 
the use of venovenous bypass only if trial clamping of the IVC causes profound 
hypotension associated with a dramatically reduced cardiac index, which does not 
respond to inotropes and volume loading, or if anatomy or surgical expertise 
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precludes the piggyback approach. A fl ow rate of 2–3 L/min is targeted, and 
depending on pre-existing coagulopathy, a small dose of heparin may be given to 
reduce the risk of in-circuit clot formation. With the exclusion of the native liver 
from the patient’s circulation, there are profound effects on the patient’s meta-
bolic state. The most signifi cant change during the anhepatic phase is the loss of 
the lactate-metabolizing capacity of the liver and a rise in plasma lactate and 
decrease in plasma pH [ 107 ]. This lactic acidosis is exacerbated when the graft 
liver is reperfused, and thus, many practitioners choose to treat the acidosis during 
the anhepatic phase to reduce the risk of severe acidosis with reperfusion [ 107 ]. 
In patients with profound preoperative liver failure or if the anhepatic phase is 
prolonged, it is appropriate to monitor and treat plasma glucose. If large volumes 
of blood products are transfused during the anhepatic phase, the reduced capacity 
of the body to metabolize citrate in the absence of the liver can lead to citrate-
associated hypocalcaemia. Particular care should therefore be paid to plasma ion-
ized calcium levels during the anhepatic phase to avoid the risk of reduced vascular 
tone and compromised myocardial contractility [ 47 ].  

9.2.5     Intraoperative Management: Neohepatic Stage 

 This phase of the procedure commences with the reperfusion of the liver graft 
(usually after completion of the vena cava and portal vein anastomoses) and ends 
with the closure of the skin and transfer of the patient to the recovery area or 
ICU. During this phase of surgery, the liver graft is reperfused with the recipient’s 
blood via the portal vein, the hepatic artery and the hepatic veins. During this 
phase, the biliary anastomosis is made. If the recipient’s biliary system has unfa-
vourable anatomy or is diseased, the graft biliary system may require anastomosis 
to the recipient small bowel, signifi cantly prolonging the operating time. During 
the reperfusion phase, it is vital that the anaesthesiologist responds actively to the 
physiological changes this phase entails, in order to optimize the conditions for 
the survival of the graft. Maintenance of appropriate perfusion pressures to the 
graft and avoidance of high central venous pressures which may contribute to 
venous congestion are key factors to this purpose. The surgeon is often able to 
advise the anaesthesiologist about the venous congestion of the graft and its 
colour and may request lowering the central venous pressure to optimize this situ-
ation. In addition, the reperfusion of the graft, which has been previously kept in 
ice for preservation, represents an important thermal load for the recipient to 
absorb. It is expected that the recipient’s core temperature (measured, e.g., by a 
temperature probe on the pulmonary artery catheter) will drop approximately 
0.5–1 °C in the minutes following reperfusion. A relatively rapid increase in the 
core temperature of the recipient following this initial dip can be regarded as an 
important sign of exothermic cellular metabolism and function of the graft. 
Additionally, improvement in acid-base status and stable glucose levels are 
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reassuring signs of graft function. Postreperfusion syndrome is the most signifi -
cant anaesthetic concern during the reperfusion phase. This syndrome consists of 
severe cardiovascular dysfunction with decreased cardiac output, severe systemic 
hypotension, bradyarrhythmia, asystole, raised pulmonary artery pressure, and 
raised pulmonary capillary wedge pressure and central venous pressure [ 108 ]. 
Reperfusion syndrome is usually observed in the fi rst minutes following the reper-
fusion of the liver graft and, if not managed actively, can cause cardiac arrest. The 
formal defi nition of the syndrome has been refi ned to include a mean arterial pres-
sure drop of at least 30 % for a period of at least 1 min, within 5 min of reperfu-
sion. Postreperfusion syndrome has proven diffi cult to predict, with only increased 
age of the liver graft donor being a strong predictive factor. Its occurrence has 
been associated with poor outcomes in terms of survival and postoperative renal 
function [ 109 ]. It is not clear if these associations are causative. Various methods 
are used counteract the negative haemodynamic effects of this syndrome with 
variable effects. These include fl ushing the graft with cold saline or autologous 
blood, sequential or partial unclamping of hepatic graft outfl ow and anticipatory 
use of various antihistamine agents, vasopressors, calcium, bicarbonate and meth-
ylene blue in cases resistant to other treatments [ 110 ]. Haemodynamic perturba-
tions are treated with vasopressor agents, including cautious bolus doses of 
phenylephrine and epinephrine [ 111 ]. Calcium chloride and sodium bicarbonate 
are also often administered, guided by arterial blood gas results. Life-threatening 
hyperkalaemia requires prompt treatment; calcium chloride and sodium bicarbon-
ate are the drugs of choice. Dialysis should be considered early in the procedure 
for oliguric patients with elevated potassium levels [ 109 ].  

9.2.6     Management of Intraoperative Coagulopathy 

 Patients with active sites of bleeding should be transfused with fresh-frozen plasma 
(FFP), packed red blood cells, prothrombin complex concentrates, antifi brinolytic 
agents, recombinant factor VIIa (rFVIIa) or platelets. 

 Prothrombin complex concentrates (PCCs) contain the vitamin K-dependent 
clotting factors II, VII, IX and X and the coagulation inhibitors protein C and S, 
which allow the correction of coagulation alterations using small fl uid volumes. 
Current evidence suggests that even in high-risk patients, PCCs are safe and that 
thromboembolic events are rare [ 82 ,  83 ]. 

 FFP is often transfused in order to correct a deranged INR; however, the expo-
nential relationship between coagulation factors and the measured value of PT/INR 
is not always appreciated. It has been shown that FFP is unable to contribute a suf-
fi cient amount of coagulation factors to correct PT/INR by 50 % in most cases, even 
for mildly prolonged PT/INR [ 84 ,  85 ]. 

 Antifi brinolytic therapy reduces blood loss and transfusion requirements [ 86 ]; these 
drugs are recommended for the treatment of fi brinolysis evidenced by microvascular 
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oozing or TEG/ROTEM clot lysis measurement (CLI < 15). Meta-analyses have shown 
that both tranexamic acid and aprotinin can reduce RBC transfusion requirements dur-
ing OLT [ 87 ]. Various dosing regimens have been suggested, and it is unknown which 
is the lowest effective dose. Currently, tranexamic acid is usually given in 1–2 g incre-
ments. In the early years of OLT, the routine use of prophylactic antifi brinolytic agents 
was common, since the mortality associated with massive blood loss was high, and the 
risk associated with antifi brinolytic drugs was small in comparison. Now that massive 
haemorrhage is less frequent, antifi brinolytics are no longer recommended for routine 
prophylaxis [ 88 ]. The response to antifi brinolytic agents should be monitored using 
TEG/ROTEM to guide the administration of further doses. 

 Hypofi brinogenaemia has also been shown to infl uence blood product require-
ments. A baseline MA (maximum amplitude of the clot measured with TEG) of 
<35 mm at the beginning of the transplant and measured fi brin degradation products 
>48 mg/L has been demonstrated to lead to hyperfi brinolysis in 100 % of patients 
[ 89 ]. When haemodilution and massive bleeding occur, fi brinogen is the fi rst factor 
to reach critical levels [ 90 ]. A concentration of <1.5–2 g/L increases haemorrhagic 
tendency, so this value or signs of functional fi brinogen defi cit on TEG or ROTEM 
should trigger immediate fi brinogen repletion [ 74 ]. 

 Recombinant factor VII improves haemostasis by directly activating factor X, 
precipitating the conversion of prothrombin to thrombin to form a haemostatic clot. 
Factor VII binds to the surface of activated platelets at sites of vascular injury, 
increasing localized thrombin generation. Several meta-analysis and systematic 
reviews of the use of factor VII in hepatic surgery (including transplantation) failed 
to show a reduction in transfusion requirements, but they showed a signifi cant 
increase in the incidence of arterial thrombotic events [ 91 ,  92 ]. The ESA guidelines 
for massive bleeding in visceral and transplant surgery echo this with recommenda-
tion against the prophylactic use of rFVIIa, reserving its use only as rescue therapy 
for uncontrolled bleeding. 

 Intraoperative platelet transfusions have been identifi ed as a strong independent 
risk factor for survival after OLT, with a greater hazard ratio than RBCs transfused, 
particularly for TRALI [ 112 ]. A low platelet count combined with a low fi brinogen 
always leads to a reduced MA/MCF and is strongly associated with an increased 
tendency towards bleeding [ 93 ]. 

 A marked heparin-like effect on the TEG at the time of reperfusion is common 
and is due to both exogenous heparins administered to the organ donor and the 
release of endogenous heparinoids from the vascular endothelium and activated 
macrophages, triggered by the ischaemia-reperfusion injury. This does not appear to 
contribute signifi cantly to the risk of bleeding and is usually a temporary phenom-
enon, unless graft function is poor [ 113 ]. Reversal with protamine is rarely indi-
cated. Native TEG is extremely sensitive to heparin, and endogenous heparin can be 
detected in some patients even prior to reperfusion [ 114 ,  115 ]. 

 Table  9.2  synthesizes the main intraoperative tips for anaesthesiologic manage-
ment for every phase of the intervention.
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9.3         Postoperative Management of Liver Transplantation 

 Intensive care management of liver-transplanted patients mainly focuses on rapid hae-
modynamic stabilization, early weaning from mechanical ventilation, proper fl uid 
administration, kidney function preservation, identifi cation and prompt treatment of 
poor graft function and appropriate monitoring and correction of coagulopathy. 

9.3.1     Postoperative Ventilatory Support and Weaning 
from Mechanical Ventilation 

 In some patients respiratory weaning is feasible immediately at the end of the surgi-
cal procedure. Other patients are stabilized in the ICU before discontinuing mechan-
ical ventilation, in order to ensure that liver function is satisfactory. A number of 
studies suggest that early or very early tracheal extubation (immediately in the oper-
ating room or within 3 h postoperatively) has been associated with a persistent 
maintenance of satisfactory gas exchange. The incidence of reintubation was not 
increased when compared to patients extubated later [ 116 ,  117 ]. Mandell et al. 
[ 118 ] demonstrated that a protocol for early extubation and rapid transfer of liver 
recipients from the ICU to the surgical ward did not negatively impact on long-term 
outcome. In    the early extubation protocol, 1- and 3-year graft and patient survival 
were above the national average at the time. More recently, Biancofi ore et al. [ 117 ] 
retrospectively studied 168 patients who underwent orthotopic liver transplantation 
and identifi ed a number of risk factors for delayed extubation (Table  9.3 ). The best 
predictor of successful extubation according to their results was a model for end- 
stage liver disease (MELD) score less than 11. Finally, it is clear that an optimal 
patient selection strategy is key for successful early extubation, though defi nite cri-
teria and timing are not yet well defi ned by the current literature. Furthermore, it is 
not possible to generalize results from different centres who recommend this 

  Table 9.3    Risk factors for 
delayed extubation in LT 
patients  

 Severity of liver disease before surgery (Child-Pugh and 
MELD score) 

 UNOS status 

 Age 

 Duration of graft ischaemia 

 Duration of surgery 

 Primary graft dysfunction 

 Intraoperative blood requirements 

 Body temperature on ICU admission 

 Renal dysfunction 

 Hepatic encephalopathy 

 Need to inotropes or vasopressor 

 Inadequate oxygenation 

  This table has been adapted from Razonable et al.  
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strategy, due to differences in the preoperative clinical conditions of the patient 
populations, the surgical skills and the postoperative resources available.

   Mechanical ventilation has a number of potentially detrimental side effects in the 
liver transplant patient. It can worsen venous congestion of the liver graft by increas-
ing the intrathoracic pressure and reducing venous return from the IVC and hepatic 
veins [ 119 ]; moreover, prolonged mechanical ventilation increases the risk of 
ventilator- associated pneumonia [ 120 ]. Failure of an early extubation strategy may 
be associated with impaired oxygen delivery to the newly grafted liver. 

 A diffi cult weaning from mechanical ventilation is very often a consequence of 
postoperative respiratory complications. These can be attributed to massive transfu-
sions, pleural effusion, inadequate clearance of bronchial secretions, pneumonia 
and adverse effects of the immunosuppressive therapy. Acute respiratory distress 
syndrome (ARDS) is one of the major complications following OLT. Its main 
causes include a severe reperfusion syndrome, substantial blood loss, prolonged 
surgical times and early postoperative infections, mainly caused by translocation of 
gram negative bacteria form the intestinal mucosa. The pathophysiological mecha-
nism of transfusion-related acute lung injury (TRALI), a causative factor of ARDS, 
seems to be related to donor alloantibodies that react against granulocytes or leuco-
cyte antigens (anti-HLA) [ 121 ]. The management and treatment of respiratory com-
plications, including ARDS, are primarily supportive, with obligatory mechanical 
assistance in cases of ventilatory failure. It is known that ventilation at high intra-
thoracic pressure may cause venous congestion of the graft increasing the risk of 
ischaemic damage. The available literature regarding the ventilatory strategy in 
transplanted liver patients with ARDS provides little evidence, but we have to 
underline that the preservation of the graft function is mandatory. This can be 
achieved by privileging the maintenance of a very good oxygenation, even if ele-
vated intrathoracic pressures have to be applied. Sometimes liver transplant patients 
prove diffi cult to wean form mechanical ventilation, due to unsatisfactory gas 
exchange during various T-piece trials. In these circumstances a rapid extubation 
followed by an immediate application of a noninvasive ventilator support should be 
considered. Noninvasive ventilation (NIV) by adding a pressure support (PS) with a 
continuous positive end expiratory pressure (PEEP) could prevent the loss of vital 
capacity and impede severe lung derecruitment following extubation. As opposed to 
the fi rst applications in solid organ transplantation, when NIV was mainly delivered 
by full facial mask [ 122 ], nowadays it is predominantly delivered by the helmet 
system. Daily experience shows that the helmet is more suitable for longer applica-
tion of NIV. The fi rst application of NIV in solid organ transplant recipients was 
described by Antonelli et al. [ 123 ]. If postoperative respiratory failure is severe 
enough to require a prolonging of mechanical ventilation, ventilator strategies that 
minimize insults to both the lung and the allograft should be used. Airway pressures 
and PEEP should be set in order to improve oxygenation without simultaneously 
impairing liver outfl ow. In liver recipients affected by severe ARDS, low tidal vol-
ume (6 mLKg −1  of ideal body weight), relatively high respiratory rates and PEEP 
confer a survival advantage by keeping the lung open and avoiding atelectasis and 
shear stresses on lung units [ 124 ]. Mechanical ventilation with high PEEP, as 
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previously stated, has been reported to impair liver outfl ow. Besides determining an 
increase retrograde blood accumulation and liver oedema, an excessive PEEP 
(>10 cmH 2 O) may also depress the splanchnic perfusion and hepatic performance, 
by increasing venous stasis in the portocaval system and depressing cardiac output. 
When critical hypoxaemia occurs in the setting of a severe respiratory failure, 
inhaled nitric oxide may be administered.  

9.3.2     Postoperative Haemodynamic Monitoring 
and Circulatory Stabilization 

 Because of potential cardiocirculatory instability and the need to optimize cardiac 
output and organ perfusion, haemodynamic monitoring must be strict in the imme-
diate postoperative period. Maintenance of postoperative graft function depends 
primarily on liver cell recovery, which can be enhanced by optimizing the liver 
haemodynamics and preventing venous stasis. Knowledge of the preload and after-
load indexes of both right (RV) and left ventricle (LV), mean and transpulmonary 
pressure and pulmonary vascular resistance (PVR) is useful in managing pharmaco-
logic interventions, volume therapy and vasoactive drug administration. It is useful 
to insert also a pulmonary artery catheter (PAC) equipped with a fast response 
thermistor capable of assessing RV ejection fraction (RVEF%) and ventricular fi ll-
ing through RV end- diastolic volume calculation (RVEDV). 

 Subclinical hypovolaemia or excessive cardiac fi lling resulting in pulmonary 
oedema and deterioration of gas exchange may lead to inadequate graft perfusion 
and increase postoperative morbidity. Patients with cirrhosis tend to have 
impaired ventricular contractility in response to physiologic stress or pharmaco-
logic stimulation. Additionally, metabolic disturbances, in the form of acidosis, 
hypothermia and electrolyte disturbances, can further reduce the cardiac perfor-
mance and lead to circulatory instability. Haemodynamic depression may also be 
a long-term result of the reperfusion syndrome and/or a consequence of graft 
nonfunction. Other causes of postoperative hypotension are a pre-existing dilated 
cardiomyopathy, the potential for coronary artery disease and unrecognized 
hypovolaemia from various factors, including third space losses, haemorrhage 
and ongoing ascites formation. The possibility of perioperative myocardial 
infarction causing left ventricular dysfunction must be kept in mind in cases of 
refractory circulatory dysfunction. Postoperative ‘subclinical’ pulmonary 
oedema is not infrequent, with at least 50 % of these episodes developing within 
the fi rst 24 h. The rapid improvement of systemic vasodilatation with the return 
of liver graft function, which can result in a sudden increase in the afterload, is 
another potential cause of excessive strain on the heart. It is known that the evo-
lution of some cardiocirculatory parameter and ossiforetics    (progressive increas-
ing in arteriovenous oxygen content) plays an important role as prognostic 
indexes. 

 Haemodynamic optimization following orthotopic liver transplant aims at pre-
venting inadequate cardiac fi lling, which results in suboptimal tissue perfusion and 
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possible organ failure. Continuous monitoring of dynamic parameters of fl uid 
responsiveness and/or assessment of RV (right ventricular) end-diastolic fi lling and 
RV ejection fraction % is helpful in maintaining an adequate central blood volume. 
Optimizing cardiac output will avoid excessive fl uid administration, thus preventing 
both pulmonary congestion and an unrecognized increase in the sinusoidal and 
hepatic vein pressures. In liver-transplanted patients, a vasodilated and hyperdy-
namic state may take days or weeks to regress to near-normal levels. Moderate fi ll-
ing followed by vasoconstriction should effectively treat this evolving clinical 
condition. Infusion of norepinephrine is usually started in the operating room to 
ameliorate the hyperkinetic status of the patients and continued in ICU to achieve a 
good mean arterial pressure and thus a good perfusion of the new liver. 

 A correct fl uid and electrolyte balance in the immediate recovery period in the 
ICU is also mandatory. Many studies demonstrate that one of the signifi cant predic-
tors of readmission to the ICU of the transplanted patients was the amount of blood 
product administered intraoperatively [ 125 ]. Generous fl uid replacement may result 
in volume overload, water-sodium retention and capillary leak syndrome in the third 
space and may further worsen graft congestion and oedema caused by ischaemia- 
reperfusion syndrome. Once the postoperative haemodynamics have been stabi-
lized, it is necessary to promote the return of the sequestered fl uid from the peripheral 
circulation and third space, back to the central circulation. An appropriate negative 
fl uid balance in the fi rst days after operation apparently decreases the incidence of 
early pulmonary complications and may be associated with improved oxygen deliv-
ery to the graft. Lowering right ventricular volume and pressure would create a 
venous pressure gradient between the portal and the central venous circulation that 
draws blood through the donor graft. A rationale approach to maintaining circulat-
ing volume is by providing two-thirds of required fl uids with crystalloids and 
replacing half of drain loss with 5 % albumin solution. The real advantage of albu-
min solutions on the fi nal outcome is still under debate as the evidence for a specifi c 
benefi t as been substantial only in the settings of decompensated cirrhosis. A few 
reports have addressed the use of albumin after orthotopic liver transplant [ 126 ]. 
Although the postoperative transfusion policies may differ among centres, the 
replacement of blood components to achieve haemoglobin between 8 and 10 g L −1 , 
as commonly adopted during transplant surgery, could be a valid approach [ 127 ]. 
Maintaining a postoperative haematocrit between 25 and 30 % would be helpful to 
guarantee an adequate oxygen delivery to the new graft. Disturbances of the meta-
bolic function of different organs and alterations of the hormonal balance are very 
common and mainly caused by ischaemia-reperfusion injury, surgical stress and 
pre-existing pathologies and the various drugs administered to the patients. Common 
disturbances include alteration of metabolism of glucose, of lactate levels and of 
electrolytes. Hyperglycaemia is the most frequent alteration, and it is due to the 
preoperative stress, liberation of endogenous catecolamines, administration of high- 
dose steroids to induce immunosuppression, chronic immunosuppressive therapy 
(calcineurin inhibitors) and glucose given for enteral or parenteral nutrition. A tight 
control of blood glucose levels is mandatory and best achieved by continuous infu-
sion of insulin. Hyperglycaemia is very common and usually lasts until a good 
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peripheral utilization of glucose and normalization of the endogenous hormonal 
secretion returns. This is greatly ameliorated by an early enteral feeding. The per-
sistence of hypoglycaemia on the other hand can be a picket sign of a compromised 
liver recovery.  

9.3.3     AKI and Renal Failure 

 The occurrence of AKI [ 128 ] in patients undergoing liver transplant is associated 
with reduced patient and graft survival not only in the perioperative period but also 
in the longer term [ 129 ,  130 ] with reports of 10 % of patients progressing to end- 
stage renal failure. AKI reduces patient survival and leads to increased health care 
and hospital stay. Furthermore, increasing evidence supports the fact that even rela-
tively minor deteriorations in renal function not requiring renal replacement therapy 
are associated with inferior patient and renal outcomes in the longer term: this 
underlines the importance of the early identifi cation of ‘at-risk individuals’ and the 
need to identify preventative strategies. AKI post liver transplant is not an infre-
quent problem and has been reported to occur in 9–78 % of cases [ 131 ,  132 ]. This 
marked variability in the reported incident rates can be predominantly attributed to 
the different underlying aetiologies and defi nitions of AKI used. Defi nitions of AKI 
have varied and only recently has a consensus defi nition based on the risk, injury, 
failure, loss and end-stage kidney disease (RIFLE) criteria been introduced [ 133 ]. 
This staging system has been modifi ed by the Acute Kidney Injury Network (AKIN) 
to defi ne AKI as a rise in serum creatinine levels within a 48-h frame and also 
stresses the importance of a relatively small rise in serum creatinine levels. 

 When AKI is defi ned as at least a doubling of serum creatinine levels or the need 
for dialysis (RIFLE grade 1 or F or AKIN stages 2 or 3), the incidence of AKI is 
approximately 9–48 % [ 132 ,  134 ]. Clearly, the aetiology of AKI post liver trans-
plant can be multifactorial because these patients are frequently critically ill in the 
perioperative period. Renal insult can occur during septic episodes or periods of 
haemodynamic instability and hypovolaemia due to intraoperative blood loss, and 
this can result in prerenal failure or ischaemic injury. Immediately after the opera-
tion, the risk of developing AKI depends primarily on the aforementioned factors, 
the severity of liver disease, the preoperative renal function and the postoperative 
liver function. Furthermore, several studies have reported an increased risk of AKI 
associated with poor graft function or primary non function (PNF) [ 135 ] postopera-
tive [ 131 ,  136 ]. Elevated intra-abdominal pressure is well established as a risk factor 
for AKI; however, there has been no formal evaluation of whether there is a critical 
threshold of abdominal pressure after liver transplant [ 137 ]. Major causes of late 
postoperative AKI (i.e. after the fi rst 3 days) include bacterial infections, re- 
transplantation and exploratory surgery for delayed haemorrhaging and surgical 
leaks [ 138 ]. However, the single most important cause of renal injury remains drug- 
induced toxicity. Ciclosporin and tacrolimus can lead to renal injury [ 139 ]. Acute 
renal injury due to calcineurin inhibitors has been reported to increase almost three-
fold the odds ratio for developing chronic kidney disease within 10 years [ 140 ]. 
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Independently of the cause of renal injury, starting the renal replacement therapy 
remains a clinical decision: fl uid overload and electrolyte disturbances are the most 
common trigger factors [ 141 ], and they are followed by metabolic acidosis rather 
than urea and creatinine levels per se [ 142 ]. The choice of the renal replacement 
modality should be guided by each patient’s clinical status, the medical and nursing 
expertise and the available modalities.      
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10.1             Introduction 

 Ever since its initial successful implementation in the clinical practice, liver trans-
plantation has been plagued with a shortage of donor organs. The transplant com-
munity has responded by implementing proven strategies, including improved 
preservation techniques, refi ned surgical approaches enabling the use of expanded 
criteria donors (i.e., aged liver, steatotic grafts, and donation after cardiac death, 
DCD), and the introduction of adult partial liver transplantation (split liver and 
living donor liver transplantation). While the use of marginal grafts and split liver 
transplantation seems to have plateaued, living donor liver transplantation (LDLT) 
holds the greatest promise for an underutilized source of transplantable grafts. 
Since its introduction in 1988, thousands of pediatric and adult patients have been 
saved by LDLT, which is now embraced by transplant centers around the world. 
Over the course of almost two decades, tremendous effort has been given to 
improving donor safety while optimizing the outcome of recipients. Increasing 
sophistication of the preoperative donor workup, more liberal use of adult-to-
adult left lobe liver transplantation, introduction of infl ow modifi cation, improved 
recipient selection, better understanding of small-for-size graft syndrome, and, 
most importantly, a more holistic approach to this complex practice have yielded 
acceptable donor morbidity and mortality rates along with excellent recipient 
outcomes.  
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10.2     Indications to LDLT 

 Although the safety and effectiveness of LDLT for children are well established and 
accepted worldwide in part because of the severe shortage of pediatric deceased 
donor organs, the use of adult-to-adult LDLT varies depending on the availability of 
deceased donor organ pools [ 1 ]. In Asia, where most liver transplants are performed 
with live donors, LDLT is utilized for critically ill patients with high MELD scores. 
Conversely, in western countries with well-developed organ allocation systems and 
larger deceased donor organ pools, adult-to-adult LDLT is reserved mainly for 
patients with relatively low MELD scores. In these countries, the aggressive appli-
cation of adult-to-adult LDLT is still controversial.  

10.3     Donor Evaluation 

10.3.1     General Overview of Donor Evaluation 

 In concert with the dictum of “primum non nocere,” the evaluation of a potential liv-
ing liver donor is the most important step to mitigate the risk of organ donation for 
someone who otherwise would not need surgery except this noble purpose. Donor 
evaluation involves medical, psychiatric, social, and sometimes genetic examinations. 
Potential donors with concomitant medical illness should not be accepted for living 
donation. A psychiatric evaluation is mandatory in most programs due to the complex 
emotional nature of the decision and the small, but documented, risk of donor suicide 
[ 2 ]. Genuine volunteerism can be confi rmed with a thorough evaluation, including an 
interview with psychiatrist and other members of the donor advocacy team. 

 The upper age limit for live donation varies from 55 to 60 years. Donor age also 
can affect the quality of liver graft [ 3 ]. Some studies have reported that aged liver 
grafts are more susceptible to portal hyperperfusion and thus have a greater risk of 
small-for-size syndrome (SFSS) [ 4 ]. 

 When the donor candidate is a relative of a recipient whose liver disease is either 
hereditary or due to an autoimmune disease, the donor should be screened for the 
presence of such conditions. These conditions include Wilson’s disease, Alagille 
syndrome, polycystic liver disease, congenital hepatic fi brosis, and primary scleros-
ing cholangitis. Appropriate imaging and genetic study and/or liver biopsy may be 
needed to exclude potential donor with liver pathology. 

 Once the donor is deemed to be a good candidate from medical and psychosocial 
perspectives, the anatomical and surgical aspects should be carefully evaluated. 
Particularly, liver anatomy is the most critical element of surgical planning. Points 
to look for in the preoperative imaging studies include graft and remnant liver size 
and vascular and biliary anatomy. This evaluation process is not only indispensable 
for surgery but is also important for the possible exclusion of high-risk donors in 
surgical perspective. 

 Since hepatic macrosteatosis increases the morbidity and mortality in both recip-
ient and donor, the assessment of hepatic macrosteatosis in the donor liver is imper-
ative. Obese candidates are recommended to lose weight, thereby reducing hepatic 
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steatosis and the risk of postoperative morbidity, including deep venous thrombosis 
and respiratory complications. Ultrasound and CT are useful measures to evaluate 
hepatic steatosis. 

 The prevalence of nonalcoholic steatohepatitis (NASH) has been rapidly increas-
ing in the general population; thus, attention should be paid for screening of NASH 
in donor candidates. One donor death was correlated with NASH in a small remnant 
donor liver [ 5 ]. NASH is frequently seen in people with metabolic syndrome, 
including those with glucose intolerance and obesity. 

 Liver biopsy may be performed on donor candidates to evaluate the degree of 
hepatic macrosteatosis or to rule out NASH. Indication of liver biopsy varies in each 
program. In our center we perform a liver biopsy on all donors with a BMI > 30.   

10.4     Graft Selection 

 The vast majority of the living donor liver transplant programs consider three types of 
grafts: the left lateral segment (segments II and III), the left lobe (segments I–IV) with 
the middle hepatic vein, and the right lobe (segments V–VIII) without the middle 
hepatic vein. The left lateral segment represents 20–25 % of the total liver and is usu-
ally used for children. Among the three types of standard grafts, the left lateral seg-
ment is generally least harmful for living donors. The left lobe represents 30–40 % 
and is usually offered to teenagers or small adults. Finally, the right lobe accounts for 
60–70 % and usually provides the most promising outcomes in the recipient. However, 
it contains a highest risk of signifi cant morbidity and mortality in the donor. 

 When donor anatomy is not suitable for the abovementioned standard grafts, 
non-standard grafts can be used by an experienced transplant team. The extended 
right lobe graft with the middle hepatic vein provides a larger liver volume and bet-
ter venous outfl ow in the recipient. However, this graft imposes a higher risk for the 
donor compared to the right lobe graft without the middle hepatic vein. When the 
donor has a disproportionately small left lobe and a rare anatomical variant of the 
portal vein and bile duct, the right posterior segment graft (segment VI–VII) some-
times can be used. However, this graft requires complex surgical techniques and is 
characterized by a high incidence of biliary complications [ 6 ]. In pediatric cases of 
body weight < 5 kg, a reduced left lateral segment graft is used to avoid large-for- 
size syndrome [ 7 ]. 

 Two primary concepts are considered when determining the type of graft used in 
LDLT. Namely, consideration is given to the future liver remnant (FLR) and the 
graft to recipient body weight ratio (GRWR). The FLR is the proportion of remain-
ing liver volume that stays in the donor after the partial graft is removed. A FLR of 
30 % is considered to be an acceptable lower limit for donor hepatectomy. A FLR 
less than 30 % carries signifi cant risk of developing postoperative liver failure for 
the donor. The GRWR is the ratio of the donor graft weight to the recipient body 
weight. The accepted lower limit of GRWR to avoid small-for-size-related compli-
cations is generally considered to be 0.8 % [ 8 ]. Many centers prefer to keep a 
GRWR of at least 1 % to secure a margin of safety for the recipient when recipient 
physiology is unfavorable for partial liver grafting, and technical complexities are 
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anticipated in the recipient surgery. While the GRWR can be reduced to 0.6 % in 
selected cases with active portal infl ow modifi cation, such a small graft still con-
tains the higher risk of developing small-for-size-related graft failure. 

10.4.1     Maximized Effort of Using Left Lobe Graft for Adult Recipients 

 Historically, left lobe grafts were fi rst used in 1993 [ 9 ], followed a few years later by 
the larger right lobe grafts [ 10 ]. While the systematic utilization of right lobe grafts 
allowed for the rapid expansion of this technology with good outcomes in recipients, 
it soon became clear that there were more complications and mortalities in right lobe 
donors [ 11 ,  12 ]. The rate of complication following right lobectomy is two to four 
times greater compared to complications following left lobectomy [ 13 ,  14 ]. 

 Figure  10.1  shows suggested algorithm of graft selection for adult recipients. If 
the left lobe provides a GRWR > 0.8 % or >40 % ELV/SLV, it is certainly the pre-
ferred graft. If the left lobe is calculated to provide 0.6–0.8 % GRWR or 30–40 % 
GV/SLV, alternative strategies need to be employed in patients with portal hyperten-
sion; however, these grafts are adequate for certain patients with no portal hyperten-
sion, such as those with metastatic neuroendocrine tumors. The strategies for 
utilizing smaller left lobe grafts for patients with portal hypertension involve dual 
grafting as described by Lee [ 15 ] and various techniques of infl ow modulation as 
described above.    

‘‘Left lobe First Choice” approach
GRWR

MELD score
Portal hypertension
Portosystemic shunt

Donor age
FLR

GRWR with Right lobe

Left lobe

>0.8 %0.6 % – 0.8 %<0.6 %

<0.6 % >0.6 %

<30 % >30 %

Right lobeDDLT

  Fig. 10.1    Diagram showing our “left lobe fi rst choice” approach. Every donor is fi rst screened for 
a left living donor hepatectomy following this algorithm       
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10.5     State-of-the-Art Preoperative Planning 

 Preoperative planning is arguably the most important factor involved in optimal 
outcomes for both donors and recipients. A thorough preoperative planning process 
integrates information gained from donor vascular, biliary, and volumetric analyses 
and recipient clinical and hemodynamic data to establish the best donor-recipient 
combination. 

10.5.1     Donor Anatomical Evaluation 

 The fi rst step in the assessment of a potential donor is a standard triple phase CT 
scan of the abdomen. A 1–2 mm incremental reconstruction is performed in both 
the arterial and venous phases to provide a very detailed arterial and venous anat-
omy of the donor as well as a volumetric analysis of the left/right lobes and 
FLR. Most centers obtain a preoperative assessment of the bile duct anatomy using 
magnetic resonance cholangiopancreatography (MRCP). CT cholangiography and 
ERCPs have been abandoned almost universally because the IV contrast agent used 
to opacify the biliary tree carries a relatively high risk of allergic reaction [ 16 ] and 
because of the potential for ERCP-related complications [ 17 ]. Additionally, all 
donors undergo an intraoperative cholangiogram to determine the anatomical and 
bile duct transection line. 

 If the CT scan and the MRCP show no contraindication for living donor hepatec-
tomy, the images are elaborated to obtain a 3D rendering of the liver along with its 
vascular and biliary components (in our institution images are sent to MEVIS dis-
tant service; Bremen, Germany). 3D reconstruction (Fig.  10.2 ) carries several 
advantages over bi-dimensional imaging. First, it allows the representation of the 
portal vein, hepatic artery, and the bile duct bifurcation in one fused three- 
dimensional image that can be viewed, rotated, and manipulated to best predict and 
simulate the perspective encountered during surgery. Second, 3D reconstruction 
simulates the parenchymal transaction line with superimposed vascular and biliary 
structures, improving the surgeon’s ability to preoperatively understand the spatial 
relationships of these structures and therefore helps minimize intraoperative com-
plications [ 18 ].  

 Additionally, 3D reconstruction provides an accurate assessment of the total and 
segmental liver volumes with a percentage of error of approximately 2.8 % [ 19 ,  20 ]. 
The estimated weight is obtained from volumes using a correction factor of 0.9 [ 21 ] 
and is used to calculate the estimated GRWR. 

 Finally, using a semi-automated process, 3D reconstruction depicts hepatic 
venous territories with the amount of parenchyma individually drained. This calcu-
lation is very important when making decisions about graft selection, inclusion/
exclusion of the middle hepatic vein in the graft, and segmental venous reconstruc-
tion. These are all key functional aspects of partial graft transplantation, since sub-
optimal graft outfl ow is associated clearly with compromised regeneration, SFSS, 
and biliary complications [ 22 ,  23 ].  
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10.5.2     Innovations in Living Donor Preoperative Planning 

10.5.2.1     3D Liver Printing 
 Three-dimensional (3D) printing is an innovative technology that produces solid 
objects starting from a digital image. Recently, our group was the fi rst to describe 
[ 24 ] the use of this technology in LDLT. A total of six 3D-printed livers (three 
donors and three recipients) were analyzed prospectively and were found to be 
extremely accurate in depicting the spatial relationships and dimensions of the vas-
cular and biliary structures of the actual livers (Fig.  10.3 ). 3D printing, though in its 
infancy, offers several theoretical advantages over the current 3D screen-only graft 
reconstruction. Importantly, having a physical model of the liver gives the surgeon 
a tool for intuitive navigation of the critical anatomical structures found during 

  Fig. 10.2    MEVIS 3D 
reconstruction of the liver 
anatomy with proposed 
anatomical resection planes. 
Hepatic vein anatomy, 
combined portal vein, hepatic 
artery, and bile duct analysis       
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surgery due to the transparency of the model and the use of color “ink” to print 
vascular and biliary structures. Future refi nement of 3D printing and the modeling 
process may complement current imaging technology and provide surgeons with an 
additional planning tool.   

10.5.2.2     Computer-Assisted Surgical Navigation 
 Computer-assisted surgery is used in numerous fi elds and only recently has been 
introduced in liver surgery. This technology involves the use of a tracking device 
and a computer system that integrates, in real time, the fi eld position of the surgical 
instrument with the preoperative imaging of the patient. The tracked instrument 
position is overlaid on multiple CT/MRI images, improving the surgeon’s spatial 
understanding of the vital structures that will be encountered during parenchymal 
dissection, thereby helping to minimize complications. While tracked surgical 
devices hold great potential in LDLT, the lack of accuracy during mobilization and 
repositioning of the liver is a current and signifi cant limitation.   

10.5.3     Recipient Evaluation 

 In order to optimize donor and recipient outcomes, preoperative donor assessments 
need to be integrated with recipient imaging and clinical information. 

 The recipient’s clinical characteristics, such as MELD score, severity of portal 
hypertension, and hemodynamic parameters (CO, CI), are combined with imaging 
data, including spleen dimension and the presence of portosystemic shunts to guide 

  Fig. 10.3    3D printed right hemiliver ( a ) with the respective graft ( b )       
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the choice of the graft. High-risk patients, such as those with a high MELD score or 
severe portal hypertension, should be considered for LDLT only if a GRWR > 0.8 
can be safely obtained. Conversely, recipients with large portosystemic shunts and 
therefore decompressed portal venous system can be considered for smaller grafts, 
ideally left lobe.   

10.6     Surgical Techniques 

10.6.1     Graft Type and Surgical Planning 

10.6.1.1     Donor Surgery 
 Unlike liver resection for malignancy, both portions of the graft and the remnant 
liver must be handled with extreme caution in donor hepatectomy. Preservation of 
vascular and biliary integrity on both sides of the liver is critical. Donor safety 
depends on preoperative knowledge of surgical anatomy, which is highly variable. 
The presence of multiple variants may be a relative contraindication for donation, 
particularly in high-risk cases. 

 Several important principles must be followed in donor surgery to maximize 
donor safety. First, contralateral hepatic ligaments should not be divided. The divi-
sion of these ligaments can cause malrotation of the remnant liver, which in turn 
may cause catastrophic vascular insuffi ciency in the donor. Second, an intraopera-
tive cholangiogram should be performed before hilar dissection to rule out anatomi-
cal variants that are not found preoperatively. Third, hepatic hilar dissection on the 
side of the hepatic lobe or segment should be minimized to avoid compromising 
blood supply to the bile duct. Fourth, a confi rmatory cholangiogram should be per-
formed after the graft liver is removed to confi rm the integrity of the biliary system. 
Fifth, after a right hepatectomy, the falciform ligament should be tagged to the ante-
rior abdominal wall to avoid malrotation of the remnant liver. In addition to these, 
the use of the liver hanging maneuver helps minimize blood loss and guides the 
direction of parenchymal transection [ 25 ]. Liver parenchymal division should be 
performed with familiar methods (CUSA, clamp-crushing technique, water-jet, 
bipolar coagulator, etc.) that further help minimize blood loss. 

 While experienced centers have performed donor hepatectomy through minimally 
invasive techniques, general application of this approach remains controversial due to 
concerns about the diffi culty of controlling inadvertent massive bleeding under a lapa-
roscopic view. Furthermore, surgical stress on living donors seems to be determined 
by the amount of liver mass removed during donor surgery rather than the size of 
incisions. Therefore, further studies and extensive discussion will be necessary before 
reaching a general consensus on minimally invasive donor hepatectomy. 

 The extent of venous reconstruction varies considerably between the left and the 
right lobe. The left lobe graft usually needs a simple venoplasty to optimize venous 
outfl ow on the back table [ 26 ]. In contrast, the right lobe graft frequently needs 
complex venous reconstruction. Reconstruction of segment fi ve and eight veins 
increases the functional liver mass so that it is comparable to the extended right lobe 
graft with the middle hepatic vein. Vascular grafts for this reconstruction can be 
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taken from unused vessels procured from deceased donors, cryopreserved grafts, 
and autologous veins such as recipient intrahepatic portal vein, internal jugular vein, 
and recanalized umbilical vein [ 27 ]. If these grafts are not available, expanded 
polytetrafl uoroethylene grafts can be used with excellent early patency [ 28 ]. When 
two separate hepatic ducts are identifi ed, these can be combined together using a 
ductoplasty technique to avoid multiple biliary reconstructions in the recipient.  

10.6.1.2     Recipient Surgery 
 Two major components of recipient surgery are essential to achieve good outcomes: 
excellent venous outfl ow to prevent graft congestion and active portal infl ow modi-
fi cation to optimize graft hemodynamics. In the small pediatric cases, venous out-
fl ow can be maximized by making a vertical cavotomy on the retrohepatic cava 
from the common orifi ce of the three hepatic veins to create a triangular shape ori-
fi ce [ 29 ]. This technique was fi rst described in 1988, but remains the gold standard 
of outfl ow venous reconstruction in pediatric partial grafting. This technique can 
also be applied for the left lobe graft in adults. If the recipient venous orifi ce is too 
big and does not match the donor hepatic vein, the alternative technique for left lobe 
venous reconstruction is to make a horizontal cavotomy on the right side of the 
middle hepatic vein to enlarge the size of the common channel of the left and middle 
hepatic veins. In the right lobe graft, multiple venous anastomoses are frequently 
required, including the right hepatic veins and anterior segment branches. When a 
venous patch is available, multiple venous orifi ces can be combined together to 
perform one-step venous anastomosis [ 30 ]. Suboptimal venous outfl ow decreases 
functional graft size and increases the risk of graft dysfunction or failure. 

 In size-mismatch adult LDLT, a small graft receives excessive portal fl ow caus-
ing an arterial spasm via hepatic arterial buffer response, which explains the patho-
physiology of SFSS [ 31 ]. Splenic artery ligation is the most frequently used 
technique for infl ow modulation, but the effect of portal fl ow reduction is not always 
promising. Splenectomy is more effective but less frequently used due to the risk of 
increased blood loss and post-splenectomy sepsis [ 32 ]. Portosystemic shunt contin-
ues to be used by some centers with excellent outcomes, but there is an increased 
risk of portal fl ow steal resulting in graft hypoperfusion [ 33 ].    

10.7     Recipient Outcomes 

 In pediatric patients, graft and patient survival is comparable or better for LDLT 
than deceased donor liver transplantation. This result is consistent with the histori-
cal observation in split liver transplantation using deceased donors. In LDLT for 
adults, national data in the USA has shown that the outcomes in LDLT are compa-
rable to deceased donor liver transplantation in terms of survival, cost, and hospital 
mortality, despite the increased risk of early complications [ 34 ]. Moreover, an 
intent-to-treat analysis has proved a signifi cant survival benefi t of recipients who 
received livers from living donors compared to deceased donors [ 35 ,  36 ]. 

 Interestingly, the outcome advantage for LDLT is sustained even for those recipients 
with a MELD score of <15 [ 37 ], a group that generally does not benefi t from DDLT. 
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10.7.1     Hepatocellular Carcinoma 

 Early studies raised the concern that the high regeneration rate of LDLT grafts early 
after transplant could induce HCC and HCV recurrence. A single-center study 
showed higher tumor recurrence rate after LDLT compared to that of DDLT [ 38 ]. 
Recently, a multicenter study by the A2ALL group confi rmed the fi nding [ 39 ]. The 
study suggested that the higher recurrence rate was due to advanced staged tumors 
in the LDLT group. More specifi cally, the shorter waiting period between diagnosis 
or locoregional therapy and LDLT seemed to allow recipients with aggressive HCC 
to undergo LDLT. The longer waiting time for DDLT seemed to result in a pool of 
transplant recipients who had less aggressive tumors. Interestingly, the study sug-
gested a mandated observation time after locoregional therapy before LDLT for 
recipients with advanced HCC in order to determine tumor biological behavior and 
to exclude candidates with aggressive HCC who likely would not benefi t from 
LDLT. The study suggests that such an approach would result in comparable out-
comes following both LDLT and DDLT for HCC.  

10.7.2     Hepatitis C 

 HCV cirrhosis is the important indication for both DDLT and LDLT. While early 
data suggested that HCV may recur earlier and the incidence of severe recurrence is 
higher for HCV patients undergoing LDLT [ 40 ,  41 ], recent studies demonstrate that 
the outcome is approximately equal to that of DDLT [ 42 ].   

10.8     Complications 

10.8.1     Donor Complications 

 To date, more than 11,500 LDLTs have been performed worldwide with a total of 
34 living liver donor deaths reported in the literature [ 43 ]. A longitudinal obser-
vational cohort of 740 living donor hepatectomies (707 right/33 left hepatecto-
mies) performed at nine major US centers (A2ALL consortium) [ 43 ] experienced 
an overall complications rate of 40 %, with a 1 % incidence of catastrophic com-
plications (residual disability, liver failure, or death) and 2–5 % risk of aborted 
donation. These complication rates were confi rmed by other groups [ 44 ,  45 ]. 
Infections represented the most common complication (10 %). Bile leak/biloma 
accounted for 8 % of complications, followed by incisional hernia 6 %, psycho-
logical complications 6 %, neuropraxia 3 %, ileus 3 %, unplanned re-exploration 
2 %, ascites 2 %, pleural effusion 1.8 %, bowel obstruction 1.6 %, DVT/ pulmonary 
embolism 1.5 %, intra-abdominal abscess 1 %, intra-abdominal bleeding 0.9 %, 
and biliary stricture 0.6 %. Based on the existing literature, the risk of donor 
death after a right hepatectomy is 0.4–0.6 % and for a left-sided hepatectomy 
is 0.1–0.4 %.  
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10.8.2     Recipient Complications 

 Given its technical complexity, it is not surprising that LDLT carries higher compli-
cation rates compared to DDLT. Biliary complications remain the Achilles heel of 
LDLT, and most of the technical complications occur in the fi rst 90 days after 
transplantation. 

 In a report of 385 transplants performed in the USA [ 46 ], early bile leaks were 
seen in 30 % of recipients, and biliary strictures were observed in 8 %. Vascular 
complications occurred in 8 % of patients (HAT 6 %, PV thrombosis 2 %). Intra- 
abdominal bleeding presented in 7 % of the patients, and a re-exploration was 
needed in 24 % of the cases. As center experience increased, the rate of biliary 
complications decreased from 38 % (fi rst 20 cases) to 24 %. A similar trend was 
found in the rate of hepatic artery thrombosis 8–4 % and PV thrombosis (3–1 %). 
Biliary stricture (10 %), infections (8 %), and hernias (5 %) represented the most 
common complications after 90 days.   

10.9     Strategy for ABO Incompatible LDLT 

 Generally, ABO-incompatible (ABOi) liver transplantation is contraindicated for 
deceased donor liver transplantation due to the high risk of graft loss resulting from 
antibody-mediated rejection (AMR) and vascular thrombosis. However, this immu-
nological barrier can be overcome by desensitizing the recipient preoperatively in 
LDLT [ 3 ,  47 ]. 

 Early experience of ABOi LDLT demonstrated devastating outcomes with a 
1-year survival rate of 20 % in adult cases, while the survival of pediatric 
recipients <1 year old was comparable to that of compatible or identical blood 
combination [ 3 ]. 

 Japanese groups introduced a desensitization protocol using the combination of 
anti-CD20 antibody (rituximab) and local infusion of anti-infl ammatory agents into 
the graft through portal vein or hepatic artery, achieving signifi cantly improved out-
comes [ 48 ,  49 ]. In 2008, the Japanese registry for ABOi LDLT reported the largest 
experience of 291 recipients who received ABOi grafts [ 47 ]. Interestingly, high 
preoperative antibody titer did not have a signifi cant effect on the frequency of 
AMR. In contrast, elevated postoperative anti-donor blood-type antibody titer 
increases the risk for AMR. 

 The signifi cant effect of rituximab raised a question whether local infusion is 
necessary with a high rate of catheter-related lethal complications such as hepatic 
infarction and catheter dislocation [ 47 ,  50 ]. The Asan group reported 120 ABOi 
adult LDLT using the desensitization protocol using rituximab and plasmapher-
esis with ( n  = 20) or without local infusion ( n  = 100) [ 51 ]. The results were prom-
ising with an overall graft survival rate of 92.8 % at 3 years. Although the study 
showed a high incidence of catheter-related complication (30 %), there were no 
signifi cant outcome differences between the two groups in terms of the rate of 
AMR and acute cellular rejection as well as graft and patient survival.  
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10.10     Preparing for the Worst-Case Scenario: The Death 
of a Living Liver Donor 

 LDLT is associated with a low, yet well-defi ned, risk of donor morbidity and mor-
tality. It is therefore crucial that centers and institutions involved in this activity 
acknowledge the fact that the death of a living donor is as a matter of “when” rather 
than “if” [ 52 ]. Countless studies in the fi eld of risk management show that “prepar-
ing for the inevitable” not only is critical in better preparing teams to respond to 
catastrophic events, but also plays a key role in their prevention. Therefore, LDLT 
programs must implement strategies and protocols to assure that such events are 
carefully anticipated and properly managed, should they occur [ 52 ]. The more 
“immune” a LDLT program thinks it is to the death of a living donor, the less it 
prepares for and the more vulnerable it becomes.     
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  11      Liver 
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11.1            Pre-transplant Evaluation of the Donor Liver 

 Although not all centres still agree, histological evaluation of liver graft quality is 
crucial for the short-term outcome of orthotopic liver transplantation (OLT). Pre- 
transplant and “time zero” biopsies are useful for the assessment of macrovesicular 
steatosis, i.e. the histological alteration universally accepted as the major cause of 
early graft failure. Donor biopsies also provide information on graft preservation, 
fi brosis, and the occurrence of disregarded hepatitis or focal lesions. 

 The material sent to the pathologist should always include a wedge resection and a 
core biopsy. The fi nal diagnosis should be made on the balance between them: the wedge 
resection includes more portal tracts, but the subcapsular localization increases the fi bro-
sis and the infl ammatory infi ltrate [ 1 ]. Frozen-section analysis is considered the approach 
of choice for the evaluation of liver biopsies from cadaveric donors, both on economic 
and time-effective grounds [ 2 ]. Freezing the samples increases the risk of overestimating 
microvesicular steatosis due to the formation of intracellular droplets of frozen water. 
Nonetheless, the microsteatosis score is generally not used as a donor exclusion crite-
rion, and this artifact can be ruled out by avoiding excessive soaking in saline solution or 
other media and transporting the biopsy in dry gauze or empty vials [ 1 ]. 

  Suggested checklist for histopathological evaluation of the donor liver: 

•    Architecture and fi brosis assessment  
•   Portal infl ammatory infi ltrate: grade of infl ammation and extension (little/most 

portal tract)  

mailto:antonietta.derrico@unibo.it


186

•   Bile duct status, including biliocyte regression and ductular proliferation  
•   Artery status, in particular the presence and amount of myointimal hypertrophy  
•   Lobules: occurrence and amount of lobular necrosis and/or infl ammatory 

infi ltrate  
•   Cholestasis  
•   Percentage of macrovesicular and microvesicular steatosis    

 This checklist offers the transplant team a quick and complete overview of graft 
status. In any case, it should be kept in mind that only macrovesicular steatosis has 
a proven higher risk of graft failure, and macrovesicular steatosis >30 % is generally 
a contraindication to OLT [ 3 ,  4 ] (Fig.  11.1 ). Other fi ndings such as lobular necrosis 
and diffuse fi brosis can infl uence the decision to proceed, although there are cur-
rently no standardized indications.   

11.2     Graft Dysfunction 

11.2.1     Preservation Injury 

 Also called “ischaemia/reperfusion injury”, preservation injury is the leading cause 
of early graft dysfunction and is defi ned as tissue damage occurring immediately 
after graft reperfusion, in the absence of other explicable causes of liver injury (e.g. 
vascular or biliary; see below). 

 The histopathological features of preservation injury depend on when the dam-
age takes place: a warm ischaemia time of 120 min or more compromises both 
hepatocytes and endothelial cells, while a prolonged (usually more than 12 h) cold 
ischaemia is characterized by sinusoidal and endothelial damage, with a higher inci-
dence of biliary complications [ 5 ,  6 ]. The reperfusion phase is the most crucial for 
the onset of liver preservation damage, since the reoxygenation after ischaemia 
causes activation of the Kupffer cells and complement factors, resulting in the pro-
duction of reactive oxygen species and cytokines. The short-term consequences are 
granulocyte migration in the sinusoids and general vasoconstriction that can lead to 
graft circulatory failure [ 7 ]. 

  Histopathology (Figs.  11.2  and  11.3 )         Microscopically, mild preservation injuries 
are visible on biopsies taken 1 h after OLT as microvesicular steatosis with hepato-
cyte swelling, but these features are rapidly reversible. Conversely, the more severe 
forms of preservation injury are characterized microscopically by hepatocyte necro-
sis, especially in zone 3, with acidophilic bodies and/or zonal or confl uent necrosis. 
The adjacent viable hepatocytes can show ballooning and mitotic activity. Bile duct 
degeneration is visible as a detachment of the biliocytes from the basement mem-
brane and as a ductular reaction with ductular and lobular neutrophilic infi ltrate [ 8 , 
 9 ]. As a consequence, both intracellular and extracellular cholestases (with bile 
plugs) are common. Cholestasis, architectural lobular distortion, hepatocyte mitotic 
activity with nuclear polymorphism and ballooning, as well as histiocytosis in zone 
3 can be seen several weeks after OLT.  
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a

b

c

  Fig. 11.1    Three examples of frozen-section analysis on donor liver biopsies with 0 % ( a ), 10 % 
( b ) and >30 % ( c ) steatosis. In ( b ,  c ) freezing artifacts are visible as empty spaces, representing a 
pitfall in the evaluation of macrosteatosis. Magnifi cation 10×       
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  Differential Diagnosis     In these early phases, the differential diagnosis includes 
acute infections, biliary complications, and antibody-mediated rejection. 
Cholangitis, bile duct obstruction, and reperfusion injury share predominant zone 3 
damage, but cholangitis is commonly characterized by periductal oedema with neu-
trophilic granulocytes [ 9 ]. Interestingly, immunohistochemical positivity for C4d 
has been demonstrated in necrosis during reperfusion injury [ 10 ].   

11.2.2     Hyperperfusion (“Small-for-Size” Syndrome) 

 This is a very early post-transplant complication (within 2 weeks), due to inade-
quate graft size (less than 0.8 % of the recipient’s weight) resulting in hyperdynamic 
portal fl ow. Allograft hyperperfusion is a critical condition that generally requires 
retransplantation. 

a

b

  Fig. 11.2    ( a ,  b ) Ischaemic lobular damage, characterized by hepatocyte swelling and ballooning, 
without a signifi cant infl ammatory infi ltrate. Magnifi cation 10× ( a ); 20× ( b )       
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a

b

c

  Fig. 11.3    ( a ) In some cases of ischaemia/reperfusion injury, architectural distortion, lobular 
haemorrhage with hepatocyte polymorphism and ballooning are visible. ( b ) Cholestasis and histio-
cytosis in zone 3 can be seen several weeks after OLT, associated with ( c ) portal tract distortion and 
bile duct regression. Magnifi cation 20× ( a ); 40× ( b ,  c )       
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  Histopathology     The histopathological modifi cations of “small-for-size” syndrome 
are commonly sorted into early, intermediate and late changes [ 11 ]. Starting from a 
few minutes after reperfusion, denudation of portal veins and sinusoids can be seen, 
resulting in haemorrhages in the periportal zone (zone 1), all consequences of portal 
hyperperfusion. In the more severe cases, ischaemic bile duct damage with lobular 
infarcts can be seen [ 9 ]. Intermediate features include hypertrophic changes in the 
endothelia, oedema and fi brosis, while the late changes comprise thrombosis and 
obliteration of the portal veins with recanalization, together with nodular regenera-
tive hyperplasia and biliary stenosis.  

  Differential Diagnosis     Arterial vascular complications (see below).   

11.2.3     Vascular Complications 

 Post-OLT vascular complications include hepatic artery thrombosis, portal vein 
thrombosis and hepatic venous outfl ow obstruction (HVOO). Vascular complica-
tions represent a major technical problem after OLT and an important cause of liver 
damage and dysfunction in the fi rst months after transplantation. Since liver biopsy 
is neither reliable nor safe in this setting, and the affected vascular structures are 
hilar and perihilar, histopathological examination is generally confi ned to the graft 
explant specimen [ 9 ]. 

  Histopathology     At gross examination, the liver surface may be normal, while foci 
of cholestasis and/or necrosis can be seen in some cases. At histology, thrombosis 
of the hepatic artery leads to ischaemic necrosis of the bile ducts with epithelial 
denudation and bile leakage into the surrounding parenchyma. Lobular alterations, 
ranging from Councilman’s bodies to confl uent hepatocytic necrosis, appear in the 
more severe and advanced cases. Prolonged arterial ischaemic injury can result in 
biliary strictures and fi brosis [ 12 ].  

 Histopathological examination of an allograft with portal vein thrombosis shows 
various degrees of parenchymal damage, from hepatocyte swelling and necrosis with 
haemorrhage and eventually thrombosis in the areas around the portal branches, to a 
pan-lobular necrosis of the allograft in cases with massive portal thrombosis. Chronic 
portal obstruction leads to nodular regenerative hyperplasia or similar changes [ 9 ]. 

 HVOO can be due to problems at different levels, from congestive heart failure 
to Budd-Chiari syndrome and veno-occlusive disease affecting the portal venules or 
even sinusoids. The clinical presentations and the aetiologies of these conditions 
vary widely, but the histopathological picture is common. The fi rst alterations affect 
the centrolobular zone (zone 3), with sinusoidal dilatation and centrolobular haem-
orrhage (in advanced cases), hepatocyte atrophy and loss of lobular architecture. 
Lobular or portal infl ammation is lacking, and only the most severe cases show 
cholestasis. Chronicization (e.g. in Budd-Chiari syndrome, which is often subacute) 
leads to bridging fi brosis and the formation of hepatocellular nodules resembling 
focal nodular hyperplasia [ 12 ].  
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11.2.4     Large Bile Duct Obstruction 

 Strictures of the large bile ducts can be due to technical complications involving 
anastomoses, or other causes, including severe ischaemic and preservation injuries 
(see above) and chronic rejection with arteriopathy, among others. 

  Histopathology (Fig.  11.4 )        Post-transplant biliary complications histologically 
resemble the biliary disease of the native liver. Portal oedema and infl ammation 
with neutrophilic granulocytes, resembling cholangitis, are common fi ndings: the 
predominance of the neutrophilic infi ltrate is very important in the differential diag-
nosis between post-OLT biliary complications and acute rejection. Cholestasis can 
be associated, while portal fi brosis and biliary cirrhosis represent the chronic evolu-
tion of this condition [ 12 ,  13 ].    

11.3     Rejection 

11.3.1     Acute Cellular Rejection 

 Acute cellular rejection (ACR) is defi ned as a predominantly lymphocytic infl am-
mation of the graft due to an antigen mismatch between donor and recipient. The 
liver structures most commonly affected are the bile ducts and the vascular endothe-
lia. Due to the high variability in onset and clinical symptoms, liver biopsy is man-
datory in cases of suspect ACR. 

  Histopathology (Fig.  11.5 )        The main histological features of ACR are portal infl am-
matory infi ltrate, endothelialitis and bile duct aggression. The infl ammatory infi ltrate 
characterizing ACR is mainly portal and with a prevalent lymphocytic component, 
although macrophages and both neutrophilic and eosinophilic granulocytes can be 
seen. The lymphocytes are CD8-positive and show the morphology of activated (or 
frankly blastic) T cells [ 14 ]. Lymphocyte-mediated bile duct injury is always present, 
with intraepithelial lymphocytes and associated bile duct regressive and reactive 
changes such as cytoplasmic eosinophilia and/or vacuolation, prominent nucleoli and 
occasional apoptosis [ 15 ]. Endothelialitis is defi ned as the presence of infl ammatory 
cells in the subendothelial layer of the graft vascular (mainly venous) structures [ 16 ]. It 
is an important diagnostic feature in ACR, albeit not a specifi c fi nding since it can be 
detected in other pathological conditions (e.g. HCV recurrent hepatitis, infections) [ 17 ].  

  Differential Diagnosis     Recurrent and  de novo  viral hepatitis (HCV, HBV, CMV, 
EBV), drug hepatitis, lymphoproliferative disorders and other disorders with a pre-
dominant infl ammatory component. Clinical onset, serological and clinical data are 
mandatory for the differential diagnosis. The presence of a plasma cell component 
requires the differential diagnosis from plasmacellular HCV recurrent hepatitis or 
post-OLT autoimmune hepatitis: the role of plasma cells in acute rejection is still 
debated [ 18 ] (Fig.  11.6 ).   
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b

c

  Fig. 11.4    A severe case of post-transplant biliary obstruction. ( a ) The lobule shows marked feath-
ery degeneration of the hepatocytes and architectural distortion. ( b ,  c ) The portal tracts show 
infl ammation with neutrophilic granulocytes, neoductulogenesis with bile plugs ( black arrows ) 
and intracellular cholestasis ( red arrow ). Magnifi cation 10× ( a ); 20× ( b ); 40× ( c )       
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b

c

  Fig. 11.5    ( a ) Acute cellular rejection ( ACR ) is characterized by a portal infl ammatory infi ltrate 
with portal expansion. ( b ) The infl ammatory infi ltrate is prevalently lymphocytic, although macro-
phages and granulocytes can be present. There is aggression of the vascular ( black arrow ) and bili-
ary ( red arrow ) structures. ( c ) Endothelialitis is defi ned as the presence of infl ammatory cells in the 
subendothelial layer of the graft vascular structures (in this case, a centrolobular vein). 
Magnifi cation 20× ( a ); 40× ( b ,  c )       
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a

b

c

  Fig. 11.6    A scarce ( a ) or more pronounced ( b ) plasma cell component, both in the portal tracts 
( a ,  b ) and lobule ( c ) can be associated with rejection, recurrent viral hepatitis and  de novo  autoim-
mune hepatitis. The meaning of the plasma cell infi ltrate after transplantation is controversial. 
Magnifi cation 40×       

 

F. Vasuri et al.



195

 Histopathological ACR is graded according to the 1997 Banff criteria as follows 
[ 14 ]:
 Histopathological 
parameter  Description 

 Rejection 
activity index 

 Portal infl ammation  Mild/focal  1 

 Diffuse, mixed with occasional blasts and 
granulocytes 

 2 

 Diffuse, mixed with numerous blasts and 
granulocytes, and interface activity 

 3 

 Bile duct involvement  Mild/focal infl ammation  1 

 Diffuse infl ammation with epithelial injury to a 
few ducts 

 2 

 Diffuse infl ammation of most bile ducts; biliary 
cells necrosis 

 3 

 Endothelialitis  Presence of subendothelial lymphocytes in a 
minority of portal vessels 

 1 

 Presence of subendothelial lymphocytes in most 
portal and centrolobular vessels 

 2 

   The absence of one or more criteria might lead to a diagnosis of indeterminate 
for rejection (Figs.  11.7  and  11.8 ), while according to these criteria a rejection activ-
ity index (RAI) of three to four represents mild ACR, a RAI of fi ve to six moderate 
ACR, and a RAI greater than six severe ACR [ 14 ].    

11.3.2     Acute Antibody-Mediated Rejection 

 Antibody-mediated rejection (AMR), also called humoral rejection, is defi ned as 
liver injury mediated by pre-existing or  de novo  antibodies against graft antigens. 
The graft antigens most commonly involved are AB0 and other endothelial surface 
molecules or (more rarely) MHC class I on the graft lymphocytes. AMR can mani-
fest after hours, especially in AB0-incompatible transplants with pre-existing recip-
ient antibodies, or days after reperfusion: the terms hyperacute and acute AMR are 
used depending on the timing and severity of graft dysfunction onset. At gross 
examination, the graft is swollen, oedematous and fl accid, often with visible throm-
bosis of the major hepatic vessels. 

  Histopathology (Fig.  11.9 )        AMR is primarily acute endothelial damage to virtu-
ally all liver vascular structures, which show fi brin deposition and granulocytic 
infi ltrate. Accordingly, the main histopathological appearance is that of oedema and 
haemorrhage of the portal and periportal regions, with an infl ammatory infi ltrate 
predominantly composed of neutrophilic and eosinophilic granulocytes in the 
absence of lymphocytes. The most severe cases and all hyperacute cases present 
fi brin deposition in the sinusoids, portal and centrolobular veins, together with 
thrombosis. The lobular hepatocytes show necrosis and ballooning of variable 
degrees and extension [ 19 ].  

 As in the renal AMR, the antibody-antigen complexes activate the complement 
cascade, which mediates the endothelial damage. Accordingly, C4d positivity in the 
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liver graft can also be detected by immunohistochemistry and immunofl uorescence, 
while positivity in the portal tracts is considered of diagnostic help in cases of 
AMR. However, the usefulness of C4d is not as well established in the liver graft as 
it is in kidney transplantation [ 14 ,  20 ,  21 ] (Fig.  11.10 ).   

11.3.3     Chronic Rejection 

 Chronic rejection is defi ned as a progressive loss of graft bile ducts commonly resis-
tant to immunosuppression. Although its incidence is low, chronic rejection repre-
sents a major cause of graft loss and retransplantation in the long term. It is 
characterized by a progressive loss of the bile ducts, without a signifi cant infl amma-
tory infi ltrate, and by a post-transplant arteriopathy of the large arteries. 

a

b

  Fig. 11.7    A histological picture with only one or two criteria for rejection poses the diagnosis of 
indeterminate for rejection according to Banff. In these cases there can be ( a ) a mild portal infi l-
trate possibly with bile duct aggression or ( b ) mild and focal endothelial aggression of centrolobu-
lar veins. Magnifi cation 20×       

 

F. Vasuri et al.



197

  Histopathology (Fig.  11.11 )        Although a lymphocytic bile duct infi ltrate can be visi-
ble in the fi rst phases of chronic rejection, the main histopathological feature is the loss 
of at least 50 % of the portal bile ducts, without direct infl ammatory aggression and 
without ductular proliferation, possibly associated with “dysplastic-like” cell altera-
tions [ 22 ]. Cholestasis is a common feature. Since bile duct loss is  gradual, involving 
most of the portal tracts in the long term, it is even recommended that the graft biopsy 
contain no fewer than 20 portal tracts for a diagnosis of chronic rejection.  

 Graft arteriopathy represents another feature of chronic rejection: it begins with 
a subintimal infi ltration by foam cells, activation of the endothelial cells and nar-
rowing of the lumens. With time, a fi brotic obliteration of the hepatic arteries is 
visible, resulting in hepatocytic regression and necrosis of zone 3 [ 23 ]. 

  Differential Diagnosis     “Vanishing bile duct syndrome” and recurrent primary 
sclerosing cholangitis. Portal tract expansion is normally present in cholangitis, 

a

b

  Fig. 11.8    ( a ,  b ) Detail on portal tract involvement in indeterminate for rejection, characterized by 
an infl ammatory infi ltrate, marked bile duct regression and focal subendothelial lymphocytes. 
Magnifi cation 40×       
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together with regressive changes in the biliary epithelium. Primary sclerosing chol-
angitis as the primitive disease, immunosuppression status and the timing of onset 
help in the differential diagnosis [ 9 ,  24 ].    

11.4     Recurrence of Primitive Disease 

11.4.1     Recurrent Hepatitis C 

 End-stage liver disease due to chronic hepatitis C (HCV) is the principal indication 
for OLT in the Western world. Reinfection after OLT is universal, and up to 70 % of 
graft recipients experience recurrent HCV. 

  Histopathology (Figs.  11.12  and  11.13 )         Recurrent HCV has recently been divided 
into three histopathological variants: the “usual” form (acute and chronic), fi brosing 
cholestatic HCV (FCH) and plasma cell-rich recurrent hepatitis [ 25 ,  26 ].  

 The “usual” acute recurrent HCV shows lobular damage, similar to acute HCV 
in the native liver, with lobular disarray, numerous Councilman bodies and spotty 
necrosis with Kupffer cell activation. When present, portal tract involvement is usu-
ally very mild. In the chronic phases, a portal lymphocytic infi ltrate with interface 
activity becomes evident, and the lobular activity (Councilman bodies in particular) 
depends on direct viral replication in the chronic and acute phases. Recurrent HCV 
can sometimes overlap post-surgical damage or ACR hampering the diagnosis as 
some morphological features of recurrent HCV, such as endothelialitis and bile duct 
damage, mimic other graft diseases (Fig.  11.14 ). HCV RNA quantitation by means 
of RT-PCR should always be considered in HCV-positive recipients, as it has a good 
diagnostic and prognostic value in the early post-transplant phases [ 27 – 29 ].  

  Fig. 11.9    Antibody-mediated rejection is histologically characterized by portal oedema and 
haemorrhage, with fi brin deposition and a neutrophilic and eosinophilic infi ltrate, with endothelial 
damage. Magnifi cation 20×       
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 FCH is a peculiar highly aggressive presentation of recurrent HCV, characterized 
by early onset (within 1 year), rapid fi brosis progression and a poor response to 
antiviral therapies. Overimmunosuppressed recipients are at higher risk. At liver 
biopsy, FCH shows hepatocyte swelling and ballooning, spotty necrosis with 
Councilman bodies, cholestasis with ductular reaction and a scarce mixed portal 
infi ltrate. Periportal fi brosis and cirrhosis are common in the late stages. 

 Plasma cell-rich recurrent HCV and other variants such as granulomatous recur-
rent HCV are rare and not well studied. Nevertheless, they should be known so as 
not to miss this differential diagnosis. They probably represent variants related to a 
“hyperimmune” status of the recipients or the immunosuppressive regimen (e.g. 
pegylated-interferon). As stated above, the role of plasma cells in recurrent HCV 
and acute rejection, and their meaning in possible de novo autoimmune damage, is 
still debated, making any differential diagnosis diffi cult (especially in overlap ACR- 
HCV recurrent hepatitis) [ 18 ].  

a

b

  Fig. 11.10    ( a ) A case of antibody-mediated rejection (AMR) with specifi c immunohistochemical 
positivity for C4d in the endothelia ( arrows ): this kind of positivity is considered diagnostic for AMR 
(see  arrows ). ( b ) Another case with sinusoidal C4d positivity, considered not diagnostic for 
AMR. Magnifi cation 40×       
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11.4.2     Recurrent Hepatitis B 

 Compared to the last decades, the risk of a hepatitis B virus (HBV) re-infection after 
OLT has diminished due to advances in antiviral therapies and the possibility to 
transplant HBV-positive recipients with no dosable viraemia. 

  Histopathology     Early HBV proliferation in the graft is visible with immunohisto-
chemistry (anti-HBcAg antibody) also without appreciable histological modifi ca-
tions. Up to 6 months after OLT, lobular hepatitis is seen characterized by spotty 
necrosis, Kupffer cell activation and “ground-glass” appearance of the hepatocytes 
[ 30 ]. The overall picture resembles acute HBV in native livers, but antiviral therapy 
and immunosuppression can modify the histopathology [ 9 ]. Indeed, portal involve-
ment is generally mild. In the late phases (>6 months), recurrent HBV becomes 

a

b

  Fig. 11.11    ( a ) A case of chronic rejection with chronic portal infl ammation but without direct 
aggression of the bile ducts, which show biliocyte regression. ( b ) In advanced cases there is loss of 
the biliary structures in at least 50 % of the portal bile ducts. Magnifi cation 40×       
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chronic, and a lymphocytic portal infl ammation with interface activity (“piecemeal 
necrosis”) completes the picture. Although the response to antiviral therapy is gen-
erally good, fi brosis progression can lead to end-stage liver graft.   

11.4.3     Recurrent Autoimmune Hepatitis and Biliary Diseases 

 Chronic conditions such as autoimmune hepatitis (AH), primary biliary cirrhosis 
(PBC) and primary sclerosing cholangitis (PSC) are minor causes of end-stage liver 
and OLT. However, the recurrence rates of these diseases in the graft are very high 
(up to 50 % according to some series). Generally, these diseases show the same 
histopathological features in primitive livers and recurrent forms. 

a

b

  Fig. 11.12    Classic acute post-transplant recurrent HCV shows scarce portal infl ammation ( a ), 
and a severe lobular necrosis with Councilman bodies ( arrows ) and hepatocytic polymorphism ( b ). 
Magnifi cation 20×       
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  Histopathology     Like primitive AH, recurrent AH shows a prominent lymphocyte- 
and plasma cell-rich portal infl ammation, with interface activity (“piecemeal necro-
sis”) of moderate/severe degree [ 31 ]. The biliary structures are often spared. 
Mononuclear infl ammatory cells, especially plasma cells, are often visible in the 
lobules and in the central veins, posing the differential diagnosis with rejection.  

 Recurrent PBC is characterized by a lymphocytic aggression of the bile ducts with 
occasional non-necrotizing epithelioid granulomas. These changes are diagnostic of 
recurrent PBC, but they are focal and often require a large biopsy with many portal 
tracts to be appreciable [ 32 ]. The lobules show spotty infl ammation, intrahepatocellu-
lar cholestasis, Mallory bodies and sometimes copper deposition. Immunohistochemistry 
for Keratin 7 highlights ductular proliferation and hepatocytic ductular metaplasia. 
Serum autoantibody quantitation is required for a defi nite diagnosis. 

a

b

  Fig. 11.13    A detail on acute lobular damage in recurrent HCV, characterized by several acido-
philic Councilman bodies ( a ) and lobular regeneration (mitosis,  arrows ). Magnifi cation 40×       
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 The histopathological picture of recurrent PSC is characterized by bile duct loss 
and ductular proliferation, together with an infi ltrate of neutrophilic granulocytes, 
with portal fi brosis and “onion-skin” fi brosis seen in the long term [ 24 ]. The lobules 
show the same changes as recurrent PBC. Biliary stenosis places the differential 
diagnosis with post-surgical bile duct obstruction: the timing of onset, the presence 
of “onion-skin” fi brosis and biliary non-anastomotic stenosis are useful for the 
diagnosis.   

11.5     Allograft Infections 

11.5.1     Cytomegalovirus 

 Cytomegalovirus (CMV) graft infection has an incidence from 17 to 29 % accord-
ing to the different series, and overimmunosuppression is the principal risk factor. 

  Histopathology (Fig.  11.15 )        The diagnostic hallmark of CMV infection is repre-
sented by nuclear inclusions, typically eosinophilic with a clear halo, seen in virtually 
all graft cells, albeit endothelial cells are the most commonly affected. Sometimes 
these nuclear inclusions are associated with smaller basophilic cytoplasmic inclu-
sions. Lobular spotty necrosis, centrolobular haemorrhage, mixed portal tract infl am-
matory infi ltrate and (more rarely) microgranulomas and lobular microabscesses 
defi ne the picture of CMV hepatitis [ 9 ,  12 ]. Apart from the nuclear inclusions, CMV 
graft infection does not show specifi c histopathological features and can sometimes 
overlap conditions such as rejection and other infections. In these cases, the immuno-
histochemistry with anti-CMV antibodies can be of use in the differential diagnosis.   

  Fig. 11.14    Portal involvement in a case of overlapping acute cellular rejection and chronic recur-
rent HCV. A granulocytic infi ltrate is seen together with the lymphocytic infl ammatory infi ltrate, 
with interface activity and subendothelial lymphocytes. Magnifi cation 20×       
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a

b

c

  Fig. 11.15    ( a ) The overall histological picture of post-transplant CMV hepatitis is not specifi c, 
with lobular spotty necrosis, centrolobular haemorrhage, mixed portal and lobular infl ammatory 
infi ltrate; ( b ) nuclear eosinophilic inclusions with a clear halo are considered diagnostic. ( c ,  d ) 
Diagnostic confi rmation comes from the immunohistochemical positivity for CMV in scattered 
cells. Magnifi cation 10× ( a ); 20× ( c ); 40× ( b ,  d )         
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11.5.2     Epstein Barr Virus 

 The incidence of Epstein Barr virus (EBV) hepatitis after OLT is diffi cult to evalu-
ate since it depends on donor and recipient EBV positivity before transplant, immu-
nosuppression and viral replication in the graft [ 9 ]. Moreover, apart from 
post-transplant lymphoproliferative disease (PTLD), which represents the most 
severe EBV complication, the histological picture of the EBV graft damage is very 
variable and often masked by overlapping conditions. 

  Histopathology     In the milder form, post-OLT EBV infection shows a mild portal 
and sinusoidal infi ltrate of small lymphocytes, sometimes with slight nuclear atypia. 
A typical feature of EBV infection is the tendency of lymphocytes to line up within 
the sinusoids. A more severe form of EBV hepatitis is characterized by lobular 
spotty necrosis with Councilman bodies and mixed portal infl ammatory infi ltrate, 
containing large irregular lymphocytes and immunoblasts, and bile duct damage 
[ 33 ]. In situ hybridization for EBER is needed to confi rm the diagnosis.       
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  12      Postoperative Technical Complications 

             Giorgio     Ercolani      ,     Matteo     Cescon     , 
and     Antonio Daniele     Pinna    

        The technique of liver transplantation has been standardized to a considerable 
extent, at least in the majority of cases; however, this operation remains an excep-
tional surgical challenge. Numerous and life-threatening medical complications 
may appear in the early postoperative period, including “primary non-function,” 
infectious disease, and immunological problems such as acute rejection. 

 Common surgical complications, namely, hemoperitoneum and/or perforation, 
may be similar in occurrence and treatment to other surgical procedures. We will 
focus on the most frequent postoperative technical complications which are related 
to the four different anastomoses performed during OLT. For this reason, we mainly 
recognize biliary and vascular complications. 

12.1     Biliary Complications 

 The common bile duct is supplied through arteries coming from the gastroduodenal 
artery and running at the right and the left border of the bile duct which may have 
communication with the right or left hepatic artery which represents the remaining 
30–40 % of bile duct arterial perfusion [ 1 ]. Due to this anatomical situation, it is 
advisable to avoid denudation of the graft’s bile duct during the preparation for the 
anastomosis to preserve the arterial supply. Due to the vulnerability of arterial per-
fusion, the biliary epithelium is highly susceptible to ischemic injury, and severe 
hypotension or transient arterial thrombosis may frequently lead to ischemic chol-
angiopathy with biliary necrosis and cast formation [ 2 ]. In a recent survey of more 
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than 17,000 liver transplantations performed in the United States, biliary complica-
tions requiring treatment within 6 months after OLT occurred in 15 % of cases, 
although only 3–4 % required surgical revision [ 3 ]. 

 Biliary complications are usually divided in two main groups, depending on the 
site of the problem: anastomotic and non-anastomotic. 

12.1.1     Anastomotic Complications 

 The most common risk factors for anastomotic complications are inappropriate sur-
gical technique, arterial complications, and type of the graft (partial graft vs whole 
graft [ 1 ]. Other factors such as donor age and MELD score have been related to a 
higher incidence of biliary anastomotic complications [ 1 ,  4 – 6 ]. 

 Higher incidences of biliary complications have been reported in the case of split 
liver and living donor liver transplantation [ 7 ,  8 ]. In the case of partial graft liver trans-
plantation, the primary site is bile leaks from the resection surface; more common 
complications are due to the presence of anatomical variants, multiple and small 
hepatic ducts which should be reconstructed, and leaks from the caudate lobe [ 1 ,  7 ,  8 ]. 

 Anastomotic biliary leakage is usually described at the point of T-tube insertion. 
Among 11,000 liver transplantations, it has been reported in 8.2 % of cases; how-
ever, a decrease to 4.9 % has been described in the most recent period [ 1 ,  4 ]. It is 
generally an early complication, within the fi rst month after transplantation or at the 
time of T-tube removal [ 9 ]. It can be managed by leaving the T-tube open; when the 
problem persists, ERC is the treatment of choice, and sphincterotomy with or with-
out a plastic stent is effective in almost 90 % of cases [ 10 ]. In cases of early leaks 
within 1–2 weeks, a large defect or suspected bile duct necrosis, primary surgical 
revision, and bilioenteric anastomosis might be required. 

 The percutaneous approach is rarely required except for leaks from a hepato- 
jejunostomy. In a few cases, the presence of a subhepatic abscess may require per-
cutaneous US- or CT-guided aspiration. 

 Anastomotic stenosis may be present in 10–15 % after liver transplantation [ 6 ]. 
Early anastomotic strictures are usually a surgical failure and require urgent surgical 
revision (most often a hepato-jejunostomy is advisable), while late strictures may be 
a consequence of ischemic damage, leaks, or other factors. 

 Anastomotic strictures are usually managed by ERC and eventually balloon dilata-
tion [ 11 ]. Overall, 60–90 % of these complications can be treated endoscopically [ 11 , 
 12 ]. In the case of prolonged biliary obstruction and cholangitis, surgical revision and 
bilioenteric anastomoses are necessary before allograft dysfunction appears [ 13 ]. 

 In the case of stenosis of bilioenteric anastomoses, balloon dilatation is per-
formed through a percutaneous approach (see Chap.   13    ). 

 Several technical modifi cations have been described, including end-to-end vs 
end-to-side or side-to-side anastomoses, and running vs interrupted sutures. 
However, randomized studies failed to show any statistical difference among differ-
ent reconstruction techniques [ 14 ,  15 ]. 
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 Finally, as yet there is no general consensus on the benefi t of the T-tube. The 
proposed advantages of reducing postoperative complications have not been con-
fi rmed by other recent studies [ 1 ,  16 ,  17 ]. A general consensus has been found on 
the use of the T-tube after DCD donation due to the high risk of biliary complica-
tions as reported by the ASTS guidelines [ 18 ].  

12.1.2     Non-anastomotic Complications 

 The incidence of non-anastomotic strictures varies from 5 % up to 25 % [ 1 ]. 
Recently, there has been a slight increase due to the increased use of old donors, 
donors with extended criteria, and DCD [ 4 ]. 

 The most frequent cause of non-anastomotic stenosis is the evolution of an early 
arterial thrombosis. Though immediate surgical revascularization may prevent bili-
ary damage, due to the high susceptibility of the biliary epithelium to ischemic 
damage, late strictures may develop months after a primary complication; multiple 
stenosis and dilatation mimicking primary sclerosing cholangitis are the usual 
radiologic images (Fig.  12.1 ). Management is usually percutaneously (see Chap. 
  13    ); however, in up to two thirds of cases, progressive forms unresponsive to percu-
taneous treatment may require retransplantation.  

 Other causes can be ABO incompatibility, chronic rejection, and postoperative 
CMV infection [ 1 ,  19 ]. Furthermore, every effort should be made to reduce the 

  Fig. 12.1    Percutaneous transhepatic cholangiography showing typical fi ndings of intrahepatic 
biliary dilatation and stenosis, “cast syndrome,” due to posttransplant hepatic thrombosis. Early 
surgical revascularization was performed, but the patient required retransplantation 6 months later 
for recurrent episodes of cholangitis and septic complications       
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warm ischemia time, which is a well-established risk factor for this kind of compli-
cation, and to avoid cold ischemia time over 13 h [ 1 ,  20 ].   

12.2     Vascular Complications 

 Postoperative vascular complications are related to caval, portal vein, or hepatic 
artery anastomoses. 

12.2.1     Inferior Vena Cava Anastomoses 

 Liver transplantation with the preservation of the recipient inferior vena cava, the 
so-called “piggyback” technique described by Tzakis in 1989 [ 21 ], has been recently 
adopted in the majority of cases instead of the conventional technique, avoiding the 
dissection of the retrocaval space, the use of venovenous bypass, and reducing blood 
loss and renal impairment [ 22 ]. 

 In spite of its advantages, this technique does not perfectly restore the physiolog-
ical situation and may increase the risk of venous outfl ow stenosis or obstruction, 
which is the only drawback compared to the conventional caval anastomosis [ 23 ]. 
Cavo-caval side-to-side anastomosis and piggyback technique using the stump of 
the three major hepatic veins are the best-performing techniques to reduce/avoid 
postoperative complications [ 23 ,  24 ]. With these techniques, the incidence of com-
plications might be around 1 %. The kinking or stricture of the anastomosis may 
cause an early Budd-Chiari syndrome or a chronic outfl ow obstruction. This latter 
may present with refractory ascites, jaundice, and alterations of coagulator factors 
with a normal liver and which are not justifi ed by liver biopsy or presence of a liver 
disease. The diagnosis suspected by percutaneous ultrasound showing the absence 
of the physiological triphasic waves must be confi rmed by cavography and mea-
surement of pressure gradients (see also Chap.   13    ). 

 In the case of stenosis/kinking, the percutaneous approach with balloon dilata-
tion and, if necessary, stent placement may solve the problem in almost 80 % of 
patients (see Chap.   13    ). In a few cases, a second infracaval termino-lateral cavo- 
cavostomy is required in order to solve the problem and save the organ [ 25 ]. When 
surgical or percutaneous approaches do not solve the problem or a Budd-Chiari 
syndrome develops, retransplantation can be required in nearly half the cases [ 23 ].  

12.2.2     Portal Vein Anastomoses 

 Anastomotic stenosis of the portal vein is a rare complication after liver trans-
plantation (occurring in 0.5–3 % of cases), but it is a potential cause of graft loss 
if not treated [ 26 – 28 ]; the majority of cases have been reported after living donor 
or split liver transplantation and in pediatric recipients. In these cases, alterations 
of biochemical liver function tests may be present, but the diagnosis must be 
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confi rmed by Doppler ultrasound and portography. In the past, these complica-
tions were usually treated by surgical reconstruction of the anastomoses or 
retransplantation, while nowadays the percutaneous approach is the treatment of 
choice (see Chap.   13    ) [ 29 ]. 

 Preoperative portal vein thrombosis in recipients is no longer considered a con-
traindication for OLT [ 30 ]. However, in these patients postoperative re-thrombosis 
may appear in up 10 % of patients [ 31 ]; postoperative prophylaxis using low-dose 
heparin has been suggested to reduce the incidence of re-thrombosis [ 31 ].  

12.2.3     Hepatic Artery Anastomoses 

 These are probably the most complex anastomoses, since thrombosis of the hepatic 
artery is a life-threatening complication after OLT and an important cause of retrans-
plantation and/or mortality. Early hepatic artery thrombosis is associated with bile 
duct necrosis followed by intrahepatic abscess and septic complications. In the case 
of late thrombosis, the presence of collaterals mainly derived from the phrenic arter-
ies can prevent these dreaded complications [ 32 ]. A systematic review in 2009 
showed that the median incidence of hepatic artery thrombosis was 4.4 %; it was 
higher among pediatric recipients and in low-volume transplant centers (less than 
30 cases/year) [ 32 ]. The median time to detection was 6.9 days after surgery through 
Doppler ultrasound screening protocol performed daily or more frequently at least 
for the fi rst week. In cases of suspected thrombosis, a CT scan or direct relaparot-
omy was performed. Revascularization can be successful in almost half of cases, but 
re-OLT is required in 50 % of cases [ 33 ]; mortality rates as high as 33 % have been 
reported. Several causes have been analyzed, but there is not agreement in all cases. 
There is a general consensus regarding the fact that the following are considered 
potential risk factors for postoperative occurrence of arterial thrombosis: presence 
of anatomical variants which may often require arterial reconstruction, donor age, 
retransplantation, and when the recipient’s weight is signifi cantly higher than the 
donor’s weight [ 33 – 36 ]. In our experience, even the use of the infrarenal aortic con-
duit using an iliac cadaveric graft has a negative impact on hepatic artery patency 
[ 33 ,  37 ]. To avoid the use of an infra-aortic iliac conduit, alternative techniques such 
as arterial reconstruction on the splenic artery or microsurgery for end-to-end anas-
tomoses with early administration of antiplatelet agents seem to reduce the inci-
dence of this severe complication [ 36 ,  37 ]. 

 It should be emphasized that intimal dissection of the artery due to a vigorous 
manipulation of the anastomotic sites, either of the donor or the recipient, can lead 
to intimal fl ap causing early thrombosis. For other situations such as ABO incom-
patibility, the use of reduced/split grafts, and cold ischemia time, no consensus has 
been found in the literature. 

 If arterial thrombosis is recognized early, surgical revascularization may be 
attempted with good long-term results and organ saving [ 38 ]. This technique may 
decrease the need for retransplantation. If revascularization fails or intrahepatic 
abscesses are present at the time of relaparotomy, retransplantation remains the only 
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chance of cure. This strategy tries to save the number of organs as much as possible 
due to their shortage. 

 Risk factors for late arterial thrombosis have been reported as low donor weight, 
previous surgery, and long operative time for transplantation. In these cases, the 
presence of collateralization from phrenic arteries may ensure satisfactory perfu-
sion of the liver, saving the organ from retransplantation; ischemic cholangiopathy 
can be treated by interventional radiology (see also Chap.   13    ).      
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  13      Percutaneous Treatment of Biliary 
and Vascular Complications 

             M.     Renzulli      ,     S.     Ascanio      ,     G.     Garzillo      , and     R.     Golfieri     

        Advances in surgical techniques and immunosuppression have made liver 
 transplantation (LT) a fi rst-line treatment for many patients with end-stage liver 
disease. The early imaging detection and the technological improvements in mini-
invasive treatment of postoperative complications have contributed signifi cantly to 
improved graft and patient survival, with interventional radiology playing a pivotal 
role in the multidisciplinary team following LT recipients. 

13.1     Biliary Complications 

 After rejection, biliary complications are the most frequent sequelae after LT, mostly 
occurring within the fi rst 6 months (10–30 % after LT from deceased donors and 
more than 36 % in living-donor liver transplant [LDLT]) resulting in mortality of 
25–30 % [ 1 ]. However, their incidence in the adult population has been progres-
sively decreasing over the years thanks to the surgical technique improvement and 
also as a result of early diagnosis and treatment that has signifi cantly reduced the 
mortality associated with them. By contrast, in LDLT and in the pediatric popula-
tion, they represent the most frequent cause of morbidity, with percentages of 
30–60 % [ 1 – 3 ] in relation to the greater technical complexity in the reconstruction 
of the biliary tract. 

 The risk of specifi c biliary complications is related to the technique of biliary 
reconstruction: the incidence of complications is greater in the end-to-end 
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choledochocholedocostomy (duct-to-duct technique) as compared to Roux-en-Y 
choledochojejunostomy [ 4 ]. In about 40 % of cases multiple separate duct anasto-
moses are necessary; in these cases, the most frequent complication is biliary stric-
ture (described up to 68 % of cases), which may occur from several months to 
several years after LDLT. 

 Biliary complications can be divided into early (<3 months) and late (>3 months). 
  Early biliary complications  are mainly represented by bile leakage (or biloma) 

that can be divided into intrahepatic non-anastomotic and anastomotic, biliary fi stu-
las, and anastomotic stenosis. 

  Bile leakage  is caused, in half the cases, by a biliary fi stula at the site of the anas-
tomosis – more frequently in end-to-end choledochocholedocostomy (2–25 %) – or 
from a fi stula at the distal end of the Kehr T-tube, as a spontaneous event, or when 
it is removed (31 % of cases) [ 5 – 7 ]. Rarely, bile spillage may originate from the 
choledochojejunostomy, from the cystic duct stump of the graft or of the recipient, 
or from the sectioned surface of the liver in the case of dimensional reduction of the 
graft. The most frequent (30 %), but also less troubling, bile leaks develop in 
the  non - anastomotic extrahepatic site , at the trans-choledochal crossing point of the 
Kehr T-tube. A trans-Kehr cholangiography shows a small linear collection along 
the course of the tube. In most cases, removal of the T-tube is suffi cient, while in 
35 % of cases surgical correction is needed. Sometimes it generates very large col-
lections that are likely to get infected with abscess formation and/or biliary perito-
nitis; in these cases US-/CT-guided needle aspiration or percutaneous drainage is 
necessary, possibly associated with endoscopic papillotomy (EPT) in order to facili-
tate the bile outfl ow.  Anastomotic extrahepatic biliary leakages  often form large 
collections: they are caused by a surgical technical error in the anastomosis creation 
or by ischemic necrosis of the terminal portion of the graft common bile duct. 
Prognosis is signifi cantly better in case of leakage of the end-to-end choledocho-
choledocostomy anastomosis rather than the choledochojejunostomy anastomosis, 
because they can be solved with endoscopic treatment or percutaneous transhepatic 
drainage, and rarely requires surgical correction (choledochojejunostomy).  Non - 
anastomotic   intrahepatic biliary leakages  are severe early complications caused by 
ischemia and necrosis of the common bile duct (89 % of cases) due to stenosis or 
thrombosis of the main hepatic artery, or by vasculitis during hyperacute rejection, 
with or without associated biliary tract stenosis. Clinical symptoms include signs of 
sepsis, cholestasis, and intrahepatic multiple collections; the only possible treat-
ment is re-transplantation. 

  Early biliary stenoses  are frequently anastomotic, as consequence of an ischemic 
insult or a technical error in surgical suture. Clinically they may produce cholangitis 
and sepsis as a result of graft dysfunction. 

  Late biliary complications  include anastomotic and non-anastomotic stenosis or 
obstruction (hilar or intrahepatic) and have a mean prevalence of 10 % (4–17 %) 
[ 8 ,  9 ]. They may be isolated, arising many months after LT, or be the consequence 
of recurrence or the evolution of an early complication, particularly ischemic. 

  Anastomotic biliary strictures  are considered technical in nature, accentuated by 
fi brosis and scarring that may be secondary to, if not exacerbated by, graft ischemia: 
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they are usually single and short stenoses.  Non - anastomotic strictures  (hilar or 
intrahepatic) are the expression of a diffuse biliary insult with multifactorial 
etiology. 

  Non - anastomotic strictures  are usually longer, extending from the hilum to the 
intrahepatic ducts; they seldom appear in isolated form, representing in this case the 
only sign of slow onset arterial thrombosis with well-developed collateral circulation; 
intraluminal mucous fragments and biliary sludge may worsen the obstruction. 

 The most frequent among biliary complications (6–29 %) [ 10 ,  11 ] is the early 
formation (few weeks after LT) of  fragments ,  stones ,  and biliary sludge  possibly with-
out any biliary strictures, caused by acute rejection, ischemia, or infection. This could 
be favored by cyclosporine immunosuppressive treatment, inducing formation of cho-
lesterol crystals: in the biliary tract, more frequently main bile ducts and common 
hepatic duct, bile is thickened, infected, or mixed with necrotic fragments. The clini-
cal picture may vary from mild to severe forms characterized by the formation of large 
agglomerates in the biliary tract (casts): the “biliary cast syndrome” which has lower 
incidence (5–15 %) and usually is the result of an ischemic stenosis of the biliary tract. 

  Nonsurgical approach , either through percutaneous transhepatic cholangiography 
(PTC) or endoscopic retrograde cholangiopancreatography (ERCP), is almost always 
the fi rst-line treatment, with well-established long-term results. In distal and mid com-
mon bile duct steno-obstruction, endoscopic procedures are usually preferred, as the 
risk of bleeding and septic complications is lower compared to percutaneous approach, 
which conversely is mandatory in biliary-digestive anastomosis and for treatment of 
proximal biliary complications (pre-anastomotic or intrahepatic sites). Moreover, the 
percutaneous approach has the advantage that it can always be performed in any clini-
cal condition, lesion site, and type of biliary anastomosis. However, the choice 
between the two approaches is challenging and mainly depends on local experience. 

 The percutaneous approach involves the standard right lateral intercostal access 
for right biliary tracts or the subxiphoid access for left biliary tracts obtained by 
puncturing the corresponding segmental bile duct under fl uoroscopic or ultrasound 
(US) guidance. A combined right midline transaxillary and subxiphoid percutane-
ous approach is employed for bilateral, intrahepatic bile accesses. After the biliary 
branch puncture, under fl uoroscopy, contrast medium is injected to perform cholan-
giographic study to identify precisely leaks, stenosis, and endoluminal defects [ 12 ]. 

 In case of biliary fi stulas associated with leaks, after a preliminary PTC, percu-
taneous treatment includes the insertion of an internal–external biliary drainage 
catheter, placed across the fi stula and left in situ until leak resolution (Fig.  13.1 ). 
The diversion of biliary fl ow should induce the complete resolution of small biliary 
fi stulas, as reported in 62.5 % of cases within 2 months [ 13 ]. A higher success rate 
is reported for biliary leaks along the course of the Kehr T-tube after its removal. In 
case of large fi stulas, removable covered stents can be placed across the biliary 
breach to allow healing.  

 In biliary steno-obstructions, after having crossed with a guidewire the stenotic 
bile duct, high-pressure angioplasty-type balloon catheter (bilioplasty) is inserted, 
chosen on the basis of the location of the stricture and the diameter of the normal 
bile duct (range from 6 to 12 mm). Usually, the balloon is infl ated two or three 
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consecutive times at high pressure, for 1–3 min during the same session, and the 
success of dilation is defi ned as the disappearance of a balloon waist during infl a-
tion. After dilation, a transhepatic biliary drainage of adequate caliber is left in 
place across the stenosis, as a protection from restenosis during the healing pro-
cess. The patient is then discharged and returns as an outpatient for follow-up chol-
angiography, repeated dilation, and to replace the biliary catheter at 2- to 3-week 
intervals. In most cases, more subsequent sessions of balloon dilations are required 
(mainly in anastomotic strictures) upsizing the balloon catheters, before the mor-
phological and functional results become stabilized, while the biliary catheter has to 
remain in place for several weeks or months (Figs.  13.2  and  13.3 ). In the presence 
of complex strictures, multiple accesses may be required to place two or more cath-
eters. The presence of sludge, stones, or bile casts upstream of the stenosis requires 
their removal through the use of occlusion catheters [ 8 ] or Dormia baskets, with 
 immediate success in 60–90 % of cases.   

a b

c d

  Fig. 13.1     ( a ) Cholangiogram shows a fi stula at the site of the biliodigestive anastomosis, with an 
associated collection (biloma) as demonstrated on CT scan ( b ). The cholangiographic follow-up, 
performed 20 days after biliary drainage insertion and external drainage positioned under CT guid-
ance into the biloma, shows reduction of the leakage ( c ). The cholangiographic follow-up at 40 
days, after external drainage removal, shows resolution of the fi stula, and therefore the biliary 
drainage was removed ( d )       
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 Among different variables in the percutaneous transhepatic balloon dilation proto-
cols, none have proven to improve long-term patency. Success rate varies between 70 
and 90 % at 3–6 years, with restenosis at 1 year in 20 % of cases [ 8 ,  13 – 15 ] depending 
on the technique. Nonischemic stenoses provide better results in less repeated ses-
sions, whereas ischemic stenoses require a closer follow-up and multiple repeated 
bilioplasty sessions, but they obtain better secondary patency at 3 years [ 12 ]. 

a b

c d

  Fig. 13.2    ( a ) Percutaneous transhepatic cholangiography shows biliary stenosis at the site of the 
biliodigestive anastomosis. ( b ) The stricture was treated with balloon dilation. ( c ) Cholangiography 
performed after three bilioplasty sessions show complete resolution of the anastomotic stenosis. 
( d ) Magnetic resonance cholangiogram 3 months after the completion of treatment confi rms the 
stability of results       
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 In refractory biliary strictures with recurrence after balloon dilatation or surgical 
repair, it is possible to place self-expanding stainless steel stents, which exert a con-
tinuous outward radial pressure on the bile duct and prevent the elastic recoil of the 
wall. Stent positioning has a reported technical success rate approaching 100 % and 
3-year patency rate of more than 90 % [ 16 ]. Placement of the recently introduced 

a b

c

  Fig. 13.3    ( a ) Percutaneous transhepatic cholangiography shows an almost complete obstruction 
at the site of the choledochocholedochal anastomosis associated with intrahepatic biliary duct dila-
tation. The patient was treated with repeated balloon dilation of the anastomotic stricture ( b ). At 
the end of the treatment, cholangiography shows restored patency of choledochocholedochal anas-
tomosis ( c )       
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covered removable stent across stenosis is an alternative option in cases of recur-
rence after repeated bilioplasty. The optimal removal period is about 6 months; after 
9 months, removal becomes more diffi cult as it increases the risk of complications. 
Another possible complication is their migration due to lack of stability. 

 If the dilation causes hemobilia, a biliary drain should be left in place for a few 
days to prevent blood clots from creating a possible occlusion of the lumen. 

 Post-LT percutaneous procedures may incur in a series of complications (8–30 %) 
such as hemobilia, bleeding with subcapsular hematoma formation, cholangitis, 
pancreatitis, and fi stulas due to biliary or duodenum perforation, usually spontane-
ously resolving [ 12 ,  16 – 18 ]. 

  Sphincter of Oddi dysfunction , also termed ampullary dysfunction, occurs in 
3–5 % of LT recipients and presents with cholestasis, dilatation of the distal bile 
duct, and cholangiography failing to detect any anatomic cause for biliary obstruc-
tion. It may be caused by operative denervation of the sphincter of Oddi during 
recipient hepatectomy, leading to subsequent impairment of ampullary relaxation 
and increased intraductal biliary pressure. The diagnosis may be confi rmed clini-
cally by decreasing cholestasis with T-tube unclamping, delayed drainage of 
contrast medium after cholangiography, and manometry [ 1 ]. Endoscopic sphinc-
terotomy and biliary stenting are usually successful treatments, but conversion to a 
 hepaticojejunostomy may occasionally be required.  

13.2     Vascular Complications 

 Vascular complications after LT have a mean prevalence of 9 % and a wide variability 
among series (2–25 %), but are the most frequent cause of graft failure. They can be clas-
sifi ed as early (within 3 months after LT, mostly including hemorrhages, thrombosis, or 
stenosis) or late (beyond 3 months, mainly comprising stenosis, thrombosis, and pseu-
doaneurysms) [ 19 ,  20 ]. The most frequent and critical vascular complications involve the 
hepatic artery and consist of hepatic artery stenosis and thrombosis, whereas portal and 
hepatic venous complications are less common and include stenosis and occlusion of the 
portal vein, hepatic veins, and inferior vena cava (IVC) [ 21 – 24 ]. In a series of 429 patients 
[ 21 ], arterial complications accounted for 6 % – including arterial thrombosis (58 %), 
stenosis (31 %), kinking (6 %), and pseudoaneurysms (5 %) – portal vein complications 
accounted for 1 %, and IVC and hepatic veins abnormalities for 2.5 %. In all cases, two 
therapeutic options, surgical or percutaneous, can be considered. 

13.2.1     Arterial Complications 

  Hepatic artery thrombosis  (HAT) is the most feared vascular complication, with 
incidence of 4–15 % in LT; its usual site is at the anastomotic level, with onset vari-
able from weeks to months following LT, being more frequent during the early post-
 LT period [ 20 ]. Re-transplantation is required whenever thrombolysis and surgical 
thrombectomy do not allow salvage of the graft. Early HAT, appearing within 
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1 month after LT, more frequently needs a surgical approach of revascularization – 
if the graft function is still maintained – as an alternative of re-transplantation. Late 
HAT (after 1 month) can be treated more conservatively, by managing secondary 
ischemic complications such as biliary necrosis (treated with percutaneous biliary 
drainage) or parenchymal breakdown and abscess formation (treated with percuta-
neous abscess drainage). The signifi cance of HAT stems from the relationship of the 
hepatic artery with the biliary epithelium; since the hepatic artery is the sole blood 
supply to bile ducts, its compromise can quickly lead to biliary ischemia, necrosis, 
bilomas, and biliary stricture onset. 

 The endovascular treatment of HAT should include intra-arterial thrombolysis 
(safely performed since 1–3 weeks after LT), currently achieved by combining 
mechanical thrombolysis (thrombus maceration) of the intra-arterial thrombus 
and pharmaceutical thrombolysis (infusion within the thrombus through a multi- 
perforated catheter) by using urokinase or recombinant tissue plasminogen acti-
vator (r-tPA, Alteplase). In conjunction with intra-arterial thrombolysis perfusion, 
peripheral intravenous heparin is infused to prevent pericatheter thrombosis 
[ 25 ,  26 ]. Interval angiography after 12–24 h of thrombolysis is performed to 
assess the progress of the thrombolysis process and, if fl ow has been reestab-
lished, assess for underlying anatomical defects such as arterial stenosis or kink-
ing, to be treated consequently. Defi nitive success is defi ned as resolution of the 
thrombus without arterial anatomical defects reducing the arterial diameter 
lumen more than 50 % after 36–48 h of thrombolysis (Fig.  13.4 ). This treatment 
is burdened with bleeding complications, especially when performed in the early 
stages post-LT [ 27 ].  

  Hepatic artery stenosis  (HAS) affects up to 11 % of transplant recipients and 
usually occurs at the anastomosis. The average onset of clinically signifi cant steno-
sis is approximately 3 months and is more common in patients with a history of 
surgical clamp injury – responsible for proximal stenosis at the anastomotic site – 
and rejection, which commonly appears with multiple intrahepatic artery involve-
ment [ 26 ]. Biliary sequelae can be observed in over 60 % of cases, with diffuse 
intrahepatic ducts involvement in up to 42 % [ 28 ]. Percutaneous endoluminal pro-
cedures are the fi rst choice for HAS treatment, having less morbidity than surgery. 
HAS can be treated by percutaneous transluminal angioplasty (PTA), which must 
be performed at least 35 days after transplantation to prevent anastomotic lesions 
and bleeding [ 29 ]. This procedure, after intravenous administration of heparin, 
encompasses the selective catheterization of the involved artery, followed by the 
crossing of the stenotic segment with a guidewire on which an angioplasty double- 
lumen balloon catheter is advanced, placed over the stenosis, and infl ated. Balloon 
size is determined by direct measurement of the patent portion of the hepatic artery 
at imaging (usually angio-CT). Possible complications of PTA (7–10 %) include 
hepatic artery rupture/perforation, thrombosis, dissection, and spasm [ 26 ,  30 ,  31 ]. 
Failure of the procedure is defi ned by relapse of stenosis, reported in 32–40 % of 
cases [ 26 ]. In case of recurrence, mainly due to longer segment stenosis (>3 cm) or 
after occurrence of parietal tears, a trans-stenotic metallic stent positioning is rec-
ommended [ 29 ] (Fig.  13.4 ). 
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  Pseudoaneurysm of the hepatic artery  is a rare, but potentially catastrophic, 
complication of LT requiring prompt treatment. While most pseudoaneurysms are 
asymptomatic and discovered incidentally during surveillance imaging, rupture of 
the pseudoaneurysm may present with peritoneal signs, gastrointestinal hemor-
rhage, hemobilia, hypotension, or death. Extrahepatic pseudoaneurysms most com-
monly arise at the anastomosis and can be a sequela of PTA, while intrahepatic 
pseudoaneurysms may be secondary to infection, biopsy, or biliary interventions. 
Technological improvements of angiographic materials have led to fast, safe, and 
effective embolization procedures, which have replaced emergency surgery as the 
fi rst treatment choice. Permanent materials including, plugs, metallic coils, or liquid 
materials (e.g., isobutyl cyanoacrylate [glue], polyvinyl alcohol [PVA]) serve to 
occlude proximal or distal vessels, and covered stent grafts are usually used for 
proximal large artery rupture and pseudoaneurysms. In pseudoaneurysms of the 

a b

c d

  Fig. 13.4    ( a ) Selective hepatic arteriography shows complete thrombotic obstruction of the com-
mon hepatic artery at the surgical anastomosis with onset 3 months following LT; ( b ) the angio-
graphic follow-up after 48 h from administration of urokinase showed resolution of the thrombus 
with residual stenosis, treated with deployment of a stent at the anastomotic level ( c ); fi nal angio-
graphic study demonstrates regular stent patency with preserved downstream arterial fl ow ( d )       
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hepatic artery, elective percutaneous treatment differs depending on its proximal or 
distal location: if the pseudoaneurysm occurs in the intrahepatic tract, endovascular 
embolization of the afferent branch of the aneurysm sac is performed by using 
micro-coils or permanent liquid embolic material. If the pseudoaneurysm is located 
in the extrahepatic tract, placement of a metallic covered stent graft is generally 
preferred to exclude the aneurysm sac from the main bloodstream. 

  Arterioportal fi stula  is a common transient phenomenon that can be detected in 
up to half of patients undergoing percutaneous biopsy. Most of these fi stulas resolve 
spontaneously, with only approximately 10 % remaining past the fi rst week after 
biopsy. A superselective embolization is the elective treatment by using appropriate 
angiographic material according to the fi stula location [ 29 ,  31 ,  32 ]. 

  Hepatic arterial kinking  occurs in about 0.4 % of LT, and 7 % of HAS are associ-
ated to arterial kinking. The causes are due to donor or graft arterial redundancy or, 
more rarely, to external compression from surgical drainages. Surgical repair is the 
fi rst choice, and, whenever not feasible, endoluminal correction can be attempted by 
stent positioning in order to straighten the vessel segment. 

  Splenic artery steal syndrome  ( SASS ) is another rare (3–8 %) vascular complica-
tion frequently underdiagnosed: it is clinically comparable to HAS and the graft 
results underperfused due to fl ow diversion toward the splenic artery in the absence 
of an organic stenosis [ 33 – 35 ]. This syndrome is caused by splenomegaly with 
hypersplenism in the pre-LT period: after LT, portal hyperperfusion can stimulate 
hepatic arterial vasoconstriction, further predisposing to acute HAT. The diagnosis 
of SASS relies on the fi nding of a splenic artery >4 mm or 150 % larger than the 
hepatic artery. On angiogram, the hepatic artery shows reduced distal perfusion with 
a dominant fl ow into the splenic artery. The fi rst-line treatment is surgical, with 
splenectomy or splenic artery ligation (banding), but an endovascular percutaneous 
approach can be also considered with partial splenic embolization (no more than 
30 % of splenic parenchyma at each session). 

  Splenic artery aneurysms  are more common in patients with cirrhosis and portal 
hypertension (0.7–2 %) [ 27 ,  36 ] due to high fl ow in the splenic artery: aneurysms 
>1.5 cm have a greater risk of rupture after LT caused by reduction of portal pres-
sures and increased splenic arterial fl ow with growing artery caliber [ 36 ]. Therefore, 
it is mandatory to schedule a percutaneous treatment in a pre-transplant phase 
(endovascular embolization) or to plan a surgical ligation/splenectomy at the time 
of transplantation, to prevent any subsequent rupture.  

13.2.2     Portal Vein Complications 

 Portal vein percutaneous interventions in LT include the management of several 
disease entities consisting of portal vein stenosis/thrombosis and recurrent liver cir-
rhosis with portal hypertension with and without varices. The procedures performed 
include portal vein angioplasty or thrombolysis with or without stent placement for 
portal vein thrombosis, transjugular intrahepatic portosystemic shunts (TIPS), or 
splenic embolization for cirrhosis. 
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 Portal vein complications (1–13 %) are commonly due to excessive portal vein 
length, hypercoagulability, history of previous thrombus or portal manipulation, and 
caliber discrepancies between the donor and recipient veins. 

  Portal vein thrombosis  is rare (approximately 3 % of LT) and can be treated, 
similarly to HAT, with pharmacologic thrombolysis followed by mechanical throm-
bectomy, especially when thrombosis is not recent. This technique is performed 
with dedicated angiographic equipment (catheters for thrombectomy) and followed 
by positioning of a metallic stent in the treated area, if there is mural thrombus. 

 In the rare (5 % of LT)  portal vein stenosis  (PVS), PTA is employed. This proce-
dure is currently performed through a percutaneous transhepatic intercostal puncture 
of the right portal vein or more rarely through a transjugular intrahepatic approach 
[ 30 ]; in patients with severe coagulopathy (and increased risk of bleeding), or with 
abundant ascites, a transjugular ultrasound-guided approach is preferable [ 37 ]. Self-
expanding bare stent placement may be indicated if recurrent (after many dilation 
sessions) stenosis occurs, although this precludes future re-transplantation.  

13.2.3     IVC and Hepatic Vein Complications 

 Complications of the IVC and hepatic veins encompass stenosis and thrombosis and 
affect 1–2 % of liver transplant recipients in traditional anastomosis and up to 5 % 
in the “piggyback” technique, being more frequent in LDLT and pediatric LT, 
mainly due to higher rates of anastomotic torsion and kinking [ 38 ]. Narrowing of 
the IVC anastomosis may be due to surgical technique, hypercoagulability, or com-
pression from graft edema or an adjacent fl uid collection. Diagnostic confi rmation 
of hemodynamically signifi cant stenosis can be obtained at direct venography when 
a trans-stenotic gradient of more than 5 mmHg is measured [ 14 ]. Symptoms differ 
according to the degree of venous stenosis and range from asymptomatic to lower 
extremity edema, renal abnormalities, and Budd–Chiari syndrome (“outlet 
syndrome”). 

 In  caval anastomotic stenosis , percutaneous balloon dilatation via the jugular or 
femoral vein approach is often successful when there is a conventional anastomosis. 
Large-caliber balloon catheters are frequently used or, alternatively, smaller cathe-
ters positioned side-by-side and simultaneously infl ated at high pressures (“kissing 
balloons” technique), with an immediate success rate of 80 %. As well as PVS, 
when there is narrowing recurrence or PTA-resistant stenosis, placement of a metal-
lic stent is indicated, being aware that it precludes re-transplantation. In juxta- 
anastomotic stenosis of the hepatic veins, the treatment of choice is PTA along with 
a bare stent insertion [ 14 ,  32 ,  38 – 40 ]. 

  Torsion of the  “ piggyback ”  anastomosis  can induce a functional outfl ow syn-
drome without a signifi cant trans-stenotic gradient. Torsion can be treated by 
deploying a metallic stent in the hepatic vein outlet, in order to prevent further kink-
ing [ 32 ] (Fig.  13.5 ). PTA has worse results not destined to last over time: the reported 
6, 12, and 60 months’ primary patency rates are of 60–65 % [ 40 ]. The treatment of 
choice is surgery, with the conversion into a conventional end-to-side anastomosis.       
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  14      Retransplantation (Causes, Outcome) 

             Valentina     Rosa     Bertuzzo     ,     Giorgio     Ercolani     ,     Matteo     Cescon     , 
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         Orthotopic liver transplantation (OLT) has been established as the defi nitive therapy 
for all types of end-stage liver failure. In spite of the steady improvement in survival 
of OLT recipients over the past two decades, a proportion of those patients experi-
ence graft failure and require retransplantation (re-OLT). Over the last 10 years, the 
reported waitlist admission for re-OLT varied between 5.5 and 14 % [ 1 – 3 ]. 

 Re-OLT indications can be divided into “early” and “late” causes. 
 Causes of early graft failure are:

•    Primary non-function (PNF)  
•   Vascular complications (hepatic artery thrombosis, portal thrombosis, hepatic 

vein thrombosis)  
•   Acute rejection    

 Causes of late graft failure include:

•    Recurrence of liver disease (viral infection, autoimmune diseases)  
•   Chronic rejection    

 Re-OLT is considered a high-risk procedure because of the technical demands of 
the operation and, in particular, the illness severity in the recipient. Even if good 
long-term survival rates have been reported in selected groups of patients [ 4 ,  5 ], re- 
OLT remains controversial because of inferior outcomes compared with primary 
OLT, especially considering the shortage of donated organs; in fact, the 5-year 
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patient survival rates reported after re-OLT range between 36 and 52 % [ 3 ]. The 
leading causes of death after re-OLT were sepsis, peritonitis, and pneumonia [ 6 ,  7 ]. 
Furthermore, although there are no concerns regarding the use of a liver graft for 
re-OLT in emergency situations (such as PNF or vascular complications), some 
authors consider elective re-OLT, in particular for hepatitis C virus (HCV) recur-
rence, as a controversial procedure. 

 In order to recognize which patients could benefi t from a re-OLT, many authors 
analyzed the variables associated with graft failure after re-OLT; recent studies 
reported the following factors as the main independent predictors of lower survival 
rate after re-OLT: recipient age [ 8 – 10 ], Model for End-Stage Liver Disease (MELD) 
score [ 8 ,  11 ,  12 ], donor age [ 8 ,  9 ,  12 ], and HCV infection [ 7 ,  9 ,  13 ,  14 ]. 

 The relationship between recipient age and worst outcome after re-OLT is prob-
ably linked to the higher rate of associated comorbidities; in fact, Ghabril et al. [ 8 ] 
reported an increment of 1.52 of the risk of death every 20 years of increments in 
recipient age ( P  = 0.029). Furthermore, considering only HCV-positive candidates 
for re-OLT, the International Liver Transplantation Society Expert Panel established 
that recipient age >55 years was associated with a worse outcome after re-OLT [ 9 ]. 

 MELD score refl ected the severity of graft dysfunction; in this sense, the higher 
the MELD score at the time of re-OLT, the lower the graft and patient survival rates. 
In particular, some authors reported both lower patient and graft survival rates in the 
case of a MELD score higher than 25 [ 8 ,  11 ]; during the fi rst postoperative month, 
48 % of patients with MELD >25 lost the second graft, compared to 16 % in the 
case of MELD <25 ( P  < 0.005) [ 11 ]. In a cohort of 466 adult re-OLT recipients, 
Hong et al. reported a MELD score higher than 27 as an independent predictor of 
lower graft survival (hazard ratio (HR) 1.3;  P  = 0.031) [ 12 ]. 

 Donor age over 40 years (and particularly over 60 years) was strongly associated 
with graft failure after OLT, since it could be considered as an indirect parameter of 
the graft quality. Feng et al. reported a relative risk of graft failure equal to 1.53 
(95 % confi dence interval (CI) 1.39–1.68,  P  < 0.0001) in the case of donor age 
higher than 60 years [ 15 ]. On the contrary, by maintaining cold ischemia time at 8 h 
or less, long-term graft function was shown to be equivalent in donors over and 
below 50 years of age [ 16 ]. In the case of re-OLT, the published literature agrees 
that the older the donors, the higher the risk of failure. In particular, donor age over 
or equal to 60 years was associated with a greater risk of patient death (HR 2.18; 
95 % CI 1.25–3.8;  P  = 0.006) [ 8 ], while donor age >45 years has been reported as an 
independent predictor of lower graft survival (HR 1.4;  P  = 0.018) [ 12 ]. In the case of 
re-OLT due to HCV recurrence, donor age higher than 40 has been associated with 
the worst outcomes [ 9 ]. 

 HCV infection has been related to lower graft and patient survival after both 
primary OLT and re-OLT [ 9 ]. In a cohort of 97 patients, Roayaie et al. found that 
patients undergoing re-OLT for recurrent HCV had a signifi cantly shorter survival 
time when compared with patients undergoing a second transplant for other chronic 
causes of allograft failure ( P  = 0.0026) [ 7 ]. Moreover, the severity of HCV recur-
rence is related to patient survival after re-OLT [ 9 ,  13 ,  14 ]; in fact, the mean survival 
time after re-OLT performed within 12 months was 16 months, compared to 
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45 months if re-OLT was performed later than 12 months after the fi rst transplant 
( P  < 0.05) [ 13 ]. However, thanks to the newest antiviral treatment recently estab-
lished [ 17 ,  18 ], the transplant community hopes that this  scenario  will be improved 
in a few years, due to the decrease of both HCV-related graft failure and HCV- 
related re-OLT. 

 Given the inferior outcome of re-OLT, several authors have created a model to 
guide clinicians in patient and donor selection, in order to optimize outcomes for 
this high-risk procedure. In particular, by combining INR, bilirubin, and time inter-
val between primary and re-OLT, Rosen et al. have developed a mathematical model 
to predict patient survival after re-OLT; according to the risk score, patients were 
assigned to low-, medium-, and high-risk groups ( P  < 0.0001) [ 19 ]. Furthermore, 
more recently, Hong et al. have created an index to exclude retransplant candidates 
on the basis of recipient age, MELD score, prior OLT >1, need for mechanical ven-
tilation, serum albumin, donor age, intraoperative requirement of packed red blood 
cell transfusions, and interval between previous and re-OLT. According to the cal-
culated score, re-OLT patients can be divided into four predictive risk categories 
(PCI); while in PCI I 5-year graft survival was 65 %, in PIC IV, it was 20 % 
( P  < 0.001) [ 12 ]. 

14.1     Primary Non-function 

 Early graft dysfunction could have a major impact on the prognosis and clinical 
outcome after OLT, with a reported incidence up to 23 % after deceased-donor OLT, 
in the current literature [ 20 ]. 

 PNF is defi ned as a severe form of reperfusion injury, resulting in irreversible 
graft failure, without detectable technical or immunological problems [ 20 – 22 ]. It is 
still the most common reason for early re-OLT, with a reported incidence of 2–7 % 
in the recent literature [ 4 ,  20 ,  22 ]. PNF is manifested by hepatic cytolysis and rap-
idly rising transaminases, absence of bile production, severe liver-related coagula-
tion defi cit, hypoglycemia, high lactate levels, and hepatic hemodynamic instability. 
Early re-OLT is the only therapy for PNF. 

 The actual causes of PNF are still largely unknown, although some authors have 
demonstrated that disturbed microcirculation in the liver seems to play a key role in 
the development of PNF [ 23 ,  24 ]. There are several risk factors associated with 
PNF, such as prolonged ischemia time [ 4 ,  25 ], length of stay of the donor in the 
intensive care unit [ 4 ,  26 ], uncorrected donor hypernatremia [ 26 ,  27 ], increased 
donor age [ 4 ,  26 ,  28 ], and graft steatosis [ 4 ,  29 ]. Retransplanted patients had a much 
higher risk for PNF than those receiving primary OLT [ 4 ,  30 ]. These data suggest 
that PNF is caused not only by donor factors but also by recipient factors. 

 Five-year patient survival after re-OLT for PNF was comparable to that after re- 
OLT due to other causes (60 % versus 51 %;  P  = 0.635) [ 4 ]. On the other hand, when 
PNF occurred in retransplant patients, their survival was very poor. In view of organ 
shortage, the wisdom of transplanting another graft after a retransplant for PNF 
should be carefully considered.  
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14.2     Vascular Complications 

 Hepatic artery thrombosis (HAT) is the most serious technical complication after 
OLT, occurring in approximately 2–9 % of cases [ 31 – 33 ] and frequently leading to 
patient death or re-OLT. Predisposing factors to HAT in whole OLT are technical 
aspects [ 31 ,  32 ], previous transarterial chemoembolization treatments [ 34 ], previ-
ous transplants [ 35 ], diabetes [ 36 ], cytomegalovirus infection [ 35 ], prolonged isch-
emia time [ 35 ], ABO incompatibility [ 37 ], acute rejection [ 37 ], Roux-en-Y biliary 
reconstruction [ 35 ], and transfusions [ 35 ]. The role of advanced donor age is con-
troversial, with some studies showing no differences between younger and older 
donors and others reporting a higher prevalence of HAT with elderly donors; a large 
study within the United Network for Organ Sharing Registry reported a 61 % 
increased risk of HAT-related graft loss (relative risk = 1.61;  P  < 0.001) with donors 
older than 70 years [ 38 ]. 

 HAT occurs most commonly in the fi rst 10 days after OLT, but it can present even 
many years later. The generally accepted defi nition of early HAT (eHAT) is throm-
bosis occurring within 1 month after OLT [ 39 ]; eHAT is often silent in the fi rst 
phase and is frequently identifi ed during a routine Doppler ultrasound examination. 
It should be suspected if there is a fever spike or transaminases alteration; if eHAT 
is unrecognized, it often leads to necrosis of the graft (Fig.  14.1 ) or serious compli-
cations secondary to the biliary tree necrosis.  

 On the other hand, late HAT, occurring more than 1 month after OLT, is a less 
common event and it may have a different evolution and outcome. This discrepancy 
in outcome between early and late HAT can be explained by the presence of arterial 
collaterals. After OLT, these collaterals (mainly derived from the phrenic arteries) 
are initially absent, but have been demonstrated angiographically as early as 2 weeks 
after OLT [ 40 ] (Fig.  14.2 ). Collaterals probably prevent biliary ischemic lesions in 
the case of late HAT [ 39 ,  40 ].  

 Factors reported to reduce the incidence of eHAT include the use of microvascu-
lar surgical techniques, the use of Doppler ultrasound (DUS) immediately after 

  Fig. 14.1    Early 
postoperative hepatic artery 
thrombosis, which 
determined massive hepatic 
necrosis. The patient died 
awaiting re-OLT ( red arrow : 
hepatic artery thrombosis)       
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surgery and daily scans for the fi rst week, a low hematocrit, and the use of antiplate-
let prophylaxis [ 31 ,  41 ]. The usual pattern of screening performed in our center is 
via routine DUS during the fi rst postoperative week, while in cases of a suspicion of 
eHAT, a computed tomography angiography should be performed. 

 Various therapeutic options for managing HAT, including surgical revasculariza-
tion [ 31 ,  32 ,  42 ,  43 ], portal vein arterialization [ 44 ], and endovascular treatments 

a

b

  Fig. 14.2    Asymptomatic late hepatic artery thrombosis.( a ) Selective angiography of the celiac 
trunk demonstrated common hepatic artery ( CHA ) thrombosis, with collateral arteries ( red arrow ) 
starting from the gastroduodenal artery ( GDA ), which revascularize the right hepatic branch 
(RHB). ( b ) Selective angiography of the superior mesenteric artery ( SMA ) demonstrated revascu-
larization of the left gastric artery ( LGA ) and left hepatic branch ( LHB ) by collateral arteries ( red 
arrows ) starting from the SMA       
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[ 45 ], are available, but re-OLT is still the treatment of choice for HAT [ 39 ]; in fact, 
alternative procedures (both radiological and surgical) to re-OLT can be compli-
cated by the occurrence of biliary complications, among which biliary cast syn-
drome (BCS) is the most fearful. BCS, fi rst described in 1975, is defi ned as the 
presence of a hardened, dark material within the biliary ductal system that takes the 
physical shape of the bile ducts [ 46 ] and is clinically characterized by fever, jaun-
dice, and cholestatic liver enzyme elevation. Although endoscopic/interventional 
radiology techniques are successful and safe in the removal of biliary casts [ 47 ], 
BCS can ultimately cause substantial injury to the liver, with some transplant recipi-
ents requiring re-OLT (Fig.  14.3 ).  

 The 1-year patient and graft survival rates after re-OLT for eHAT are 20–60 % 
[ 38 ,  45 ,  48 ] and 50 %, respectively [ 49 ]. Asymptomatic eHAT detected by DUS and 
treated with early revascularization shows promising results [ 31 ,  32 ,  41 – 44 ]. It is, 
however, important to detect eHAT while the patient is still asymptomatic, because 
graft survival after revascularization is much better in this group compared to symp-
tomatic patients (81.8 % versus 40 %, respectively) [ 50 ]. 

 Portal vein thrombosis (PVT) is a rare but severe complication that typically 
occurs early after OLT and is often related to abnormal venous reconstruction dur-
ing surgery in patients with preexisting PVT [ 51 ] or to the presence of spontaneous/
surgical portosystemic shunts determining graft hypoperfusion [ 52 ]; its incidence 
ranges from 2.1 to 13 % [ 51 – 54 ]. When PVT occurs soon after OLT, urgent surgical 
management may be necessary for PV thrombectomy or the placement of interposi-
tion grafts because allograft survival and potentially patient survival may be nega-
tively affected without restoration of PV fl ow. Other possible approaches to PVT are 
percutaneous thrombolysis, angioplasty, and stent placement. Re-OLT is rarely 

a b

  Fig. 14.3    ( a ) Early postoperative hepatic artery thrombosis, treated with surgical revasculariza-
tion. ( b ) The patient developed biliary cast syndrome (note the multiple stenosis and fi lling defect 
of the biliary tree at cholangiography) that later required re-OLT ( white arrows : hepatic artery 
course, prior to revascularization)       
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needed, especially in split-liver grafts/pediatric recipients experiencing early PVT, 
for the development of allograft failure [ 55 ]. 

 Hepatic vein outfl ow obstruction after OLT is uncommon and occurs in less than 
2 % of cases, but it is life-threatening if left untreated [ 56 ,  57 ]. The most common 
causes of hepatic vein thrombosis are anastomotic complications following OLT 
(30 %) [ 55 ]; although the majority of cases are managed conservatively with bal-
loon angioplasty or transjugular intrahepatic portosystemic shunt placement, 
approximately 30 % of patients require re-OLT due to liver insuffi ciency [ 56 ].  

14.3     Rejection 

 Nowadays, graft loss due to acute cellular rejection of the liver is an extremely rare 
condition, thanks to more effective immunosuppressive agents. 

 On the contrary, antibody-mediated rejection (AMR) has emerged as the cause 
of three types of rejection: (1) hyperacute rejection, (2) acute rejection, and (3) 
chronic rejection. 

 The hyperacute and acute forms of AMR are defi ned as acute rejection with graft 
dysfunction, histological evidence of acute tissue injury, and C4d deposition, in the 
presence of human leukocyte antigen donor-specifi c antibodies (DSA) [ 58 ]. The 
lack of interest in AMR in OLT is likely due to the fact that it is uncommon in liver 
recipients; however, in the last decade, a few cases of acute AMR after OLT have 
been reported [ 59 ]. O’Leary et al. have recently demonstrated that 5.8 % of previ-
ously unexplained early liver allograft loss was linked to AMR [ 60 ]; subsequently, 
the dosage of DSA is mandatory every time an unexplained graft dysfunction is 
present, in order to identify AMR early and promptly start the appropriate treat-
ment, to avoid graft loss and the need for re-OLT [ 59 – 61 ]. 

 Chronic rejection is the most common cause of late re-OLT [ 12 ,  19 ]. Thanks to 
advances in immunosuppressive therapy and to more sensitive means of detecting 
and diagnosing rejection, chronic rejection has considerably decreased in recent 
years as an indication for re-OLT, from 36 % at the end of the twentieth century to 
9 % during the last few years [ 62 ].  

14.4     Recurrence of Liver Disease 

 Hepatitis C virus recurrence accounts for 20–32 % of the cases of re-OLT, accord-
ing to the most recent literature [ 7 ,  12 – 14 ,  62 ]. The indication for re-OLT for recur-
rent HCV-related allograft cirrhosis is still questionable, especially for the lower 
survival rate of these patients after re-OLT [ 7 – 9 ,  13 ]. 

 However, the most recent literature agrees with the consideration that the timing 
of re-OLT performed for HCV recurrence is crucial to improve the outcome [ 13 ,  62 , 
 63 ]. In particular, Marti et al. evaluated 108 patients who underwent nonurgent re- 
OLT adopting the Rosen score [ 19 ]. Only HCV-infected patients who developed 
cirrhosis at least 3 years after primary OLT underwent re-OLT. Applying these 
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selection criteria, the authors did not fi nd signifi cant differences in survival after 
re-OLT at 1, 5, and 10 years between patients with hepatitis C recurrence (70 %, 
57 %, and 57 %, respectively) and all other causes (72 %, 50 %, and 45 %, respec-
tively) [ 62 ]. Moreover, McCashland et al., applying the Rosen score, reported 1- 
and 3- year survival rates after re-OLT of 69 and 49 % for HCV-infected patients 
and 73 and 55 % for non-HCV-infected individuals, respectively [ 63 ]. 

 OLT is a well-accepted treatment modality for autoimmune liver disease. 
Recurrence of primary biliary cirrhosis (PBC), primary sclerosing cholangitis 
(PSC), and autoimmune hepatitis (AIH) after OLT has been widely described. 
While the impact of PBC recurrent disease on long-term survival after OLT is mod-
est, with a re-OLT rate of 0.6–2 % [ 64 ,  65 ], PSC recurrence is very common, espe-
cially in the juvenile autoimmune form of sclerosing cholangitis (particularly if they 
have concurrent IBD), and it is associated with seriously compromised graft sur-
vival; in the case of PSC recurrence, a re-OLT rate of 5.4 % has been reported [ 66 ]. 
The AIH recurrence rate ranges from 12 to 46 % of cases [ 67 ]. Most patients with 
recurrent AIH respond to the reintroduction (or to an increase in dose) of corticoste-
roids and azathioprine, and re-OLT is a very rare event. 

 In conclusion, re-OLT is a high-risk procedure due to several early and late causes, 
weighted by an elevated rate of postoperative complications and a lower survival 
rate. In a context of organ shortage, it is mandatory to carefully select the patients 
who will benefi t more from re-OLT, in order to avoid futile matches and graft loss.     
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  15      Indications and Timing 

             Sergio     Stefoni     ,     Maria     Piera     Scolari     , and     Irene     Capelli    

         Defi ning the clinical and metabolic  indications  and  timing  for transplant are key 
issues in all solid organ transplantations. In the case of kidney, the characteristics of 
both the organ and nephropathic patients make both the indications for  transplant  
and its timing clearer and easier to establish than in other solid organs. 

 The  indication  for kidney transplant is chronic renal failure quantifi ed on the 
basis of the residual glomerular fi ltration rate (GFR) reached by patients when treat-
ment, if administered, has proved ineffective (Fig.  15.1 ) and changes to the renal 
parenchyma are defi nitive and irreversible. Given the multiple concomitant diseases 
present in these patients, due in part to their uremia and in part to dialysis, they 
require an in-depth analysis not only of the indications for transplant but also the 
contraindications, assessing the type and extent of the comorbidities affecting mul-
tiple organ systems.  

 To determine the  timing , i.e., when to proceed to transplantation, a distinction 
must be made between theory and practice. In theory, transplant should be enter-
tained when residual kidney function is around 10–15 %, irrespective of the start of 
regular dialysis treatment. However, this “early” optimal timing is only feasible if a 
living donor is available. In practice, almost all patients undergo kidney transplant 
when they have reached the terminal stage of uremia, the start of regular dialysis 
treatment (RDT), and placement on the renal transplant waiting list. The length of 
time spent on the waiting list will depend on organ availability and the number of 
patients awaiting transplantation. 

 In the United States, the number of people on the transplant waiting list has risen 
every year in the last decade, whereas the number of transplants has remained 
unchanged. During the same period, the average time on the waiting list before 
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transplantation rose to 2.7–4.2 years [ 1 ]. In Italy, the number of patients on the wait-
ing list remained relatively stable in the same period (from 6,816 to 6,707) along 
with the number of transplants (from 1,487 to 1,501), with a high but stable average 
waiting time of 3.1 years [ 2 ]. 

 The  indications  and  timing  for potential kidney transplant recipients include an 
assessment of transplantation  suitability , any  contraindications , and  monitoring  
while on the waiting list. In addition to those related to surgery and immunology, 
many different aspects need to be addressed, not only those purely nephrological, 
but also those referring to other organs and systems. 

 From a  nephrological  standpoint, transplant candidates must have advanced 
chronic kidney disease (from stage 4) [ 3 ] or already be on dialysis treatment, as 
occurs in most cases. Tests should be carried out to identify the underlying kidney 
disease to determine any risks that may be particularly high in conditions like focal 
segmental glomerulosclerosis, uremic hemolytic syndrome, and primary oxalosis 
[ 4 ]. In addition, the type of dialysis treatment (hemodialysis or peritoneal dialysis) 
must be considered together with its depurative effi cacy, paying special attention to 
the patient’s nutritional status. 

  Age  is an important parameter: recent decades have seen a marked increase in the 
number of elderly patients on the waiting list for transplantation. While patients 
aged over 65 years accounted for 36 % of those on the transplant waiting list in the 
United States in the 1980s, this percentage had risen to 48 % in 2009; 36 % of new 
patients with end-stage renal disease are currently aged over 70 years [ 5 – 7 ]. Age 
itself is not a contraindication to kidney transplant. Although elderly patients have a 
more than twofold risk of dying in the perioperative period [ 8 ] and a high risk of 
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cancer, cardiovascular events, and infections, they have a survival advantage of 
61 % with respect to remaining on the transplant waiting list, with an increased life 
expectancy of around 4 years [ 9 ] compared with continued RDT. 

 Many  urological  indications must be addressed before transplantation. Any 
abnormalities or diseases can be treated before transplant, carefully weighing the 
risks and benefi ts in each individual case [ 10 ,  11 ]. 

 In particular, the progressive contraction of diuresis common in many patients 
after years of dialysis may lead to reduced bladder capacity and hypertrophy of the 
detrusor muscle. Possible removal of the native kidneys must also be entertained 
especially in patients with polycystic disease (increased abdominal burden, hemor-
rhage, lithiasis, or infection) or infected lithiasis [ 11 ,  12 ]. 

 In establishing the indications for kidney transplant, assessment of the  cardio-
vascular apparatus  is essential as it is the prime cause of death after transplantation 
in both the short and long term [ 5 ,  13 ]. In-depth history taking should be followed 
by tests including cardiac examination, basal ECG, and chest x-ray. An echocardio-
gram is also useful to determine left ventricular hypertrophy, dilatation, and valve 
disorders. The latest guidelines of the American College of Cardiology/American 
Heart Association [ 14 ] suggest using noninvasive stress tests in patients without 
active heart problems but with at least three of the following risk factors: age over 
60 years, more than 1 year of dialysis, diabetes mellitus, previous  cardiovascular  
disease, hypertension, dyslipidemia, and smoking. The European guidelines [ 11 ] 
recommend pharmacological stress testing by ultrasound scan or scintigraphy in 
patients with a positive or inconclusive stress test. Coronarography is indicated in 
patients presenting features of inducible ischemia. 

 Any signs or symptoms of  cerebrovascular  or  peripheral vascular disease  must 
also be evaluated. If stenosis of the large vessels is suspected, angiography may be 
indicated possibly followed by endoscopic treatment, especially in patients with 
clinical symptoms [ 15 ]. 

 Uremic patients have a higher incidence of  cancer  than the general population 
[ 16 ,  17 ]. There is a general consensus on the need to investigate patients on entry 
onto the transplant waiting list, even though shared screening protocols are cur-
rently lacking. The latest European guidelines suggest patients undergo the same 
screening tests indicated for the general population, mainly to search for any renal 
tumors, especially in patients on dialysis for many years. Hepatocellular carcinoma 
should be ruled out in patients with HCV and HBV infection [ 11 ,  18 ]. The American 
guidelines emphasize the use of the PAP test and a gynecological examination at 
least every 3 years in women after the age of 20 years, an annual breast examination 
and mammogram after the age of 40 years, thyroid gland assessment, a search for 
fecal occult blood after the age of 50 years, and rectal exploration with PSA mea-
surement in men over 50 years [ 12 ]. A  cancer  screening protocol was recently pub-
lished in Italy for patients on the waiting list for kidney transplantation [ 16 ]. 

 Patients with a  history of cancer  need to be assessed on a case-by-case basis for 
entry onto the transplant waiting list, with a multidisciplinary approach also involv-
ing the cancer specialist. 
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 A series of indications and recommendations have been published on the length 
of the waiting period following diagnosis and treatment of cancer, designed to har-
monize decision-making in different transplant centers [ 19 ]. 

 Active  infection  may require eradication or prophylactic interventions before 
transplant or the inclusion of these patients in special transplantation programs. 

 The indications for kidney transplant also include serologic tests for HIV infec-
tion, hepatitis B and C, herpes simplex, HHV-8, varicella zoster, rubella, EBV, 
CMV,  Toxoplasma gondii , and syphilis and the Mantoux test. If a second transplant 
is envisaged, the BK virus should also be investigated. 

 Currently, around 1 % of patients on dialysis in the United States present HIV 
 infection  [ 20 ]. This condition initially represented an absolute contraindication to 
transplant as these patients had a limited life expectancy and a high incidence of 
opportunistic infections. Nowadays, indications can be put in place for transplanta-
tion in patients compliant with specifi c treatment, a CD4+ cell count above 200/μL 
and a viral load undetectable for at least 3–6 months, with no opportunistic infection 
in the past 6 months and no signs of progressive multifocal leukoencephalopathy, 
chronic intestinal cryptosporidiosis, or lymphomas. Posttransplant antiretroviral 
therapy must be defi ned in the light of its possible competitive effects with immu-
nosuppressants [ 11 ,  21 ]. 

 Patients with hepatitis B and C virus have a better survival rate with kidney trans-
plant than dialysis. However, their postoperative course can be complicated by an 
increased incidence of HCV-related renal disease, new-onset diabetes mellitus, and 
shorter graft/patient survival rates. Patients with decompensated liver disease can be 
assessed for the combined liver-kidney transplant program [ 22 ,  23 ]. 

 CMV and EBV serology are crucial for posttransplant decision-making. CMV 
infection is a risk factor for graft failure,  infection , the onset of lymphoproliferative 
disease, cardiovascular events, diabetes mellitus, and acute graft rejection [ 24 ]. 

 Patients positive for EBV are considered at high risk for the development of lym-
phoproliferative disease: the indications for transplant include a very cautious man-
agement of immunosuppressive therapy, with serological monitoring before 
transplant possibly including antiviral prophylaxis [ 12 ]. Vaccination is recommended 
before transplant in patients negative for herpes-varicella zoster virus [ 25 ] and in 
rubella-negative women of fertile age given the likelihood of future pregnancy [ 26 ]. 

 The increase in the immigrant population has led to a resurgence of tuberculosis. 
The Mantoux test must be administered in all kidney transplant candidates together 
with chest x-ray. Prophylaxis is advisable in the case of latent tuberculosis while 
active forms of tuberculosis require appropriate specifi c treatment before any indi-
cation for kidney transplantation. 

 Many centers also undertake a dental assessment prior to transplant to treat any 
infection of the teeth or gums [ 12 ]. 

  Diabetes mellitus  is currently the most common cause of chronic kidney failure 
in the United States and increasingly one of the most common in Europe and Italy. 
Diabetic patients merit special attention in establishing an indication for kidney 
transplant due to the high incidence of associated  comorbidities : cardiovascular and 
dysmetabolic abnormalities, risk of infection, neurological impairment, peripheral 
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vascular disease, etc. A combined kidney-pancreas transplant is the best option in 
insulin-dependent diabetes patients to normalize glucose metabolism [ 27 ,  28 ]. 

  Obesity  has now reached epidemic proportions in the developed countries and 
has not spared patients with chronic kidney disease. In 2011, 23 % of patients in the 
US kidney transplant waiting lists were obese.  Obesity  is correlated to longer sur-
gery times and hospital stay, an increased recourse to intensive care, and a higher 
incidence of surgical wound-healing problems. An elevated body mass index is also 
correlated to delayed functional recovery of the transplanted organ with an increased 
risk of graft loss [ 29 ]. The international guidelines for kidney transplant indication 
in obese patients suggest diet and physical exercise programs [ 11 ,  12 ]. 

 In relation to the  gastrointestinal  apparatus, the search for  intestinal  diverticular 
disease is particularly important given its frequency in patients on dialysis, espe-
cially those with hepatorenal polycystic disease [ 30 ]. Diverticulitis is the most com-
mon cause of posttransplant intestinal perforation (0.5–2 %), correlated with a very 
high mortality rate (17–43 %). Patients with a history of diverticulitis must be inves-
tigated endoscopically, bearing in mind gut resection in the case of extensive or 
symptomatic disease. Peptic ulcer used to be common (18–40 %), but the wide-
spread use of proton pump inhibitors has drastically reduced its incidence. 
Nonetheless,  gastric  endoscopy with a search for  Helicobacter pylori  is advisable 
fl anked by ultrasound gallbladder examination and possible assessment of ablation 
in patients with calculi due to the risk of posttransplant acute cholecystitis [ 12 ]. 

 The  respiratory apparatus  should be screened for unchangeable risk factors with 
intervention on factors that can be rectifi ed. Patients must be strongly encouraged to 
quit smoking as smokers have a 5.5 higher risk of developing lung complications 
than nonsmokers [ 12 ]. 

 Among the indications for kidney transplant,  psychosocial  assessment should 
disclose any behavioral traits in the graft recipient likely to undermine the success 
of transplantation. The results of psychometric testing are most useful when com-
bined with a clinical interview and other sources of patient information. Specifi c 
screening tools like the  psychological assessment  of candidates for transplantation 
(PACT) scale and the transplantation evaluation rating scale (TERS) may also prove 
useful [ 31 ]. Cognitive dysfunction does not in itself rule our eligibility for trans-
plantation. If the candidate cannot provide his/her informed consent, a family sup-
port system should be sought to ensure compliance with drug management and the 
necessary posttransplant follow-up [ 12 ]. Patients with active alcohol or drug addic-
tion must be referred to a detoxifi cation program. If the course is successful, a 
period of abstinence of at least 6 months is required before reassessing the patient 
for transplant eligibility. 

15.1     Monitoring Patients on the Transplant Waiting List 

 Once the  indications  for transplantation have been established and the patient care-
fully vetted, the wait for a potential donor begins. This is a dynamic rather than 
static process. Because of the length of time spent on the waiting list, patients have 
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to be monitored to disclose the onset of any clinical problems that could temporarily 
or defi nitively exclude them from transplantation. In the United States, around 30 % 
of patients are  excluded  from the waiting list at some point, at least temporarily [ 32 ]. 
The American guidelines recommend  monitoring  patients’ health conditions at least 
every 2 years [ 12 ] while  high - risk patients  (diabetes, aged over 65 years, cardiovas-
cular disease, etc.) must be reassessed more often. The frequency and type of diag-
nostic laboratory and instrumental tests needed to ascertain the persistence of 
transplant  indications  and to optimize the  timing  of transplantation are requested by 
transplant centers on the basis of experience and clinical practice as there is cur-
rently no general consensus in the literature.     

   References 

    1.    Matas AJ, Smith JM, Skeans MA, Thompson B, Gustafson SK, Schnitzler MA, et al. OPTN/
SRTR 2012 annual data report: kidney. Am J Transplant. 2014;14 Suppl 1:11–44.  

    2.   Centro Nazionale Trapianti – Ministero della Salute:   http://www.trapianti.salute.gov.it/cnt/cnt-
Statistiche    . Accessed 10 June 2014.  

    3.    Danovitch GM. Handbook of kidney transplantation. 4th ed. Philadelphia: Lippincott, 
Williams & Wilkins; 2005.  

    4.    Chadban SJ, Vacher-Coponat H. Recurrent disease in kidney transplantation. In: Floege J, 
Johnson RJ, Feehally J, editors. Comprehensive clinical nephrology. 4th ed. Philadelphia: 
Elsevier Saunders; 2010. p. 1211–21.  

     5.   United States Renal Data System (USRDS):   http://www.usrds.org/2013    . Accessed 10 June 
2014.  

   6.    Knoll GA. Kidney transplantation in the older adult. Am J Kidney Dis. 2013;61(5):790–7.  
    7.    Rao PS, Merion RM, Ashby VB, Port FK, Wolfe RA, Kayler LK. Renal transplantation in 

elderly patients older than 70 years of age: results from the Scientifi c Registry of Transplant 
Recipients. Transplantation. 2007;83(8):1069–74.  

    8.    Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, et al. Comparison of 
mortality in all patients on dialysis, patients on dialysis awaiting transplantation and recipients 
of a fi rst cadaveric transplant. NEJM. 1999;341:1725–30.  

    9.    Lenihan CR, Hurley MP, Tan JC. Comorbidities and kidney transplant evaluation in the elderly. 
Am J Nephrol. 2013;38(3):204–11.  

    10.    Silva DM, Prudente AC, Mazzali M, Borges CF, D’Ancona C. Bladder function evaluation 
before renal transplantation in nonurologic disease: is it necessary? Urology. 
2014;83(2):406–10.  

         11.    European Renal Best Practice Transplantation Guideline Development Group. ERBP 
Guideline on the management and evaluation of the kidney donor and recipient. Nephrol Dial 
Transplant. 2013;28 Suppl 2:1–71.  

            12.    Kasiske BL, Cangro CB, Hariharan S, Hricik DE, Kerman RH, Roth D, et al. American Society 
of Transplantation. The evaluation of renal transplantation candidates: clinical practice guide-
lines. Am J Transplant. 2001;1 Suppl 2:3–95.  

    13.    Ojo AO. Cardiovascular complications after renal transplantation and their prevention. 
Transplantation. 2006;82(5):603–11.  

    14.    Lentine KL, Costa SP, Weir ML, Robb JF, Fleischer LA, Kasiske BL, et al. Cardiac disease 
evaluation and management among kidney and liver transplantation candidate a scientifi c 
statement from the American Heart Association and the American College of Cardiology 
Foundation. Circulation. 2012;126:617–63.  

    15.    Sung RS, Althoen M, Howell TA, Merion RM. Peripheral vascular occlusive disease in renal 
transplant recipients: risk factors and impact on kidney allograft survival. Transplantation. 
2000;70(7):1049–54.  

S. Stefoni et al.

http://www.trapianti.salute.gov.it/cnt/cntStatistiche
http://www.trapianti.salute.gov.it/cnt/cntStatistiche
http://www.usrds.org/2013


251

     16.    Mosconi G, Centofanti F, Capelli I, Ricci A, Persici E, Gandolfi ni I, et al. Incidence and preva-
lence of cancer in kidney transplantation waiting list patients: an Italian experience. Int J Artif 
Organs. 2013;36(5):335–40.  

    17.    Piselli P, Serraino D, Segoloni GP, Sandrini S, Piredda GB, Scolari MP, et al. Risk of de novo 
cancers after transplantation: results from a cohort of 7217 kidney transplant recipients, Italy 
1997–2009. Eur J Cancer. 2013;49(2):336–44.  

    18.    European Association For The Study Of The Liver; European Organisation For Research And 
Treatment Of Cancer. EASL-EORTC clinical practice guidelines: management of hepatocel-
lular carcinoma. J Hepatol. 2012;56(4):908–43.  

    19.    Campistol JM, Cuervas-Mons V, Manito N, Almenar L, Arias M, Casafont F, et al. New con-
cepts and best practices for management of pre- and post-transplantation cancer. Transplant 
Rev. 2012;26(4):261–79.  

    20.    Trullas JC, Cofan F, Tuset M, Ricart MJ, Brunet M, Cervera C, et al. Renal transplantation in 
HIV-infected patients: 2010 update. Kidney Int. 2011;79:825–43.  

    21.    Campbell S, Pilmore H, Gracey D, Mulley W, Russell C, McTaggart S, et al. KHA-CARI 
guideline: recipient assessment for transplantation. Nephrology. 2013;18(6):455–62.  

    22.    Kidney Disease: Improving Global Outcomes (KDIGO). KDIGO clinical practice guidelines 
for the prevention, diagnosis, evaluation, and treatment of hepatitis C in chronic kidney dis-
ease. Kidney Int. 2008;109:S1–99.  

    23.    Covic A, Abramowicz D, Bruchfeld A, Leroux-Roels G, Samuel D, van Biesen W, et al. 
Endorsement of the Kidney Disease Improving Global Outcomes (KDIGO) hepatitis C guide-
lines: a European Renal Best Practice (ERBP) position statement. Nephrol Dial Transplant. 
2009;24(3):719–27.  

    24.    Kotton CN, Kumar D, Caliendo AM, Asberg A, Chou S, Danziger-Isakov L, et al. Updated 
international consensus guidelines on the management of cytomegalovirus in solid-organ 
transplantation. Transplantation. 2013;96(4):333–60.  

    25.    Broyer M, Tete MJ, Guest G, Gagnadoux MF, Rouzioux C. Varicella and zoster in children 
after kidney transplantation: long-term results of vaccination. Pediatrics. 1997;99(1):35–9.  

    26.    Kasiske BL, Zeier MG, Chapman JR, Craig JC, Ekberg H, Garvey CA, et al. KDIGO clinical 
practice guideline for the care of kidney transplant recipients: a summary. Kidney Int. 
2010;77(4):299–311.  

    27.    Ponticelli C. Medical complication of kidney transplantation. Abingdon: Informa Healthcare; 
2007.  

    28.    Jiang AT, Rowe N, Sener A, Luke P, BHSc. Simultaneous pancreas-kidney transplantation: the 
role in the treatment of type 1 diabetes and end-stage renal disease. Can Urol Assoc 
J. 2014;8(3–4):135–8.  

    29.    Lentine KL, Delos Santos R, Axelrod D, Schnitzler MA, Brennan DC, Tuttle-Newhall JE, 
et al. Obesity and kidney transplant candidates: how big is too big for transplantation? Am J 
Nephrol. 2012;36(6):575–86.  

    30.    Pourfarziani V, Mousavi-Nayeeni SM, Ghaheri H, Assari S, Saadat SH, Panahi F, et al. The 
outcome of diverticulosis in kidney recipients with polycystic kidney disease. Transplant Proc. 
2007;39(4):1054–6.  

    31.    Jowsey SG, Taylor ML, Schneekloth TD, Clark MM. Psychosocial challenges in transplanta-
tion. J Psychiatr Pract. 2001;7(6):404–14.  

    32.    Shafi  S, Zimmerman B, Kail R. Temporary inactive status on renal transplant waiting list: 
causes, risk factors and outcomes. Transplant Proc. 2012;44:1236–40.    

15 Indications and Timing



253© Springer International Publishing Switzerland 2015
A.D. Pinna, G. Ercolani (eds.), Abdominal Solid Organ Transplantation: 
Immunology, Indications, Techniques, and Early Complications, 
DOI 10.1007/978-3-319-16997-2_16
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             Annalisa     Amaduzzi     ,     Matteo     Ravaioli     ,     Massimo     Del Gaudio     , 
and     Flavia     Neri    

         In most cases, kidney retrieval is just part of a complex procedure such as multior-
gan procurement where different surgical teams have to work together and collabo-
rate to reach a common aim, which means getting the best result for as many 
potential recipients as possible. Each member of the retrieval team has to know the 
entire procedure in order to retrieve viable grafts, taking care of both anatomic 
aspects and preservation quality. 

 Multiorgan procurement is a well-codifi ed surgical procedure with standardized 
phases, the basis of which was fi rst described by Starzl in 1984 [ 1 ]. Communication 
and respect for colleagues and the donor are the key points for a good result. 

 Once thorough thoracic and abdominal exploration and exposure of the vascular 
pedicles of the grafts have been completed (see also Chap.   8    ), it is time for cross- 
clamping. The common iliac arteries should also be explored before cross-clamping 
to identify any additional renal vessels that may originate from there. The aorta is 
usually cannulated just above the iliac bifurcation and then clamped in the suprace-
liac position; cold perfusion is initiated in agreement with the cardiothoracic team. 
The inferior vena cava (IVC) or right atrium is transected for venous drainage to 
facilitate continuous high-fl ow perfusion. During the harvesting of the thoracic 
organs, the abdominal cavity is entirely chilled with slushed ice to associate the core 
cooling of the systemic perfusion with the topical action of the ice. 

 Removal of thoracic organs, liver, and pancreas generally precedes retrieval of 
the kidneys. It is very important to avoid rewarming of the kidneys during this time. 
Mobilization of the ascending and descending colon is advisable in order to allow a 
more direct exposure of the kidneys to ice. A complete exposure of the inferior vena 
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cava to the origin of the left renal vein using a Kocher maneuver is indicated; this 
makes possible to visualize possible venous variations of the renal hilum and to 
perform a proper sectioning of the IVC a few millimeters above to the origin of the 
right renal vein in order to maintain enough tissue for elongation of a short right 
renal vein if needed. 

 Special care must also be taken during the sectioning of the aorta when the liver 
and pancreas are retrieved because this is probably the most likely time when a renal 
artery is accidentally detached from the aortic patch. Sectioning of the aorta, usually 
performed by the liver or pancreas team, should be done just below the origin of the 
superior mesenteric artery approaching the anterior wall of the aorta with an oblique 
angle so as to identify, and not injure, the renal arteries. 

 After the retrieval of the thoracic organs, liver, and pancreas, it is time for the 
kidney retrieval team to start. The small bowel is pulled into the upper abdomen 
packed in a large swab; the empty abdomen facilitates kidney retrieval. 

 Surgeons should be aware of the possible anatomical variations that they may 
face: frequent vascular variations (multiple vessels, retroaortic left renal vein, 
anomalous venous drainage), urologic variations (double renal pelvis, multiple ure-
ters), or variable kidney position (pelvic kidney or absent kidney, horseshoe 
kidney). In most of the cases, these are not detected at the preoperative workup. 
A horseshoe kidney does not represent a contraindication for transplant in itself (it 
can be transplanted to a single recipient en bloc or into two patients after division of 
the renal isthmus), but it exposes the surgeon to a new technical challenge because 
of the complexity of the vascular anatomy [ 2 ]. The isthmus can be a fi brous band or 
may contain functional parenchyma; the multiple renal vessels often originate from 
iliac arteries and veins while the renal isthmus may have an independent blood 
supply. 

 Kidneys retrieval can be performed either individually, dividing the vascular 
pedicle in situ, or en bloc. En bloc kidney retrieval, which will be briefl y described 
later, is more often used in pediatric donors especially when a dual kidney trans-
plant with aortic and caval anastomosis is planned. Kidney harvesting starts with the 
bilateral identifi cation of the ureter and its isolation together with the gonadal veins 
and the fat tissue between them. The ureter is transected proximally to the bladder 
and dissected along an avascular plane on the psoas muscle; it is of paramount 
importance to preserve the tissue surrounding the ureter and the triangle between 
the lower pole of the kidney and the ureter, minimizing the risk of devascularizing 
the ureter. The aorta and IVC are then transected inferiorly at the level of 
cannulation. 

 When explanted separately, the left renal vein is divided at the origin from the 
IVC; the right kidney is removed with all the remaining vena cava to preserve a 
conduit to extend the right renal vein if needed; the IVC is then mobilized toward 
the right kidney, taking care at the right renal artery which lies just behind it. Once 
the exposure of the aorta and the bilateral origins of the renal arteries has been com-
pleted, a midline incision is made on the anterior wall of the aorta. Inspection of the 
interior surface makes it possible to identify orifi ces of renal arteries (and also of 
any potential ones) and guides the longitudinal sectioning of the posterior wall; it is 
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important to maintain adequate aortic tissue around each vessel to allow Carrel 
patch fashioning. 

 Some surgeons prefer to also divide the IVC longitudinally in a symmetric way, 
advocating the same advantages as those described for aorta; others leave just a cuff 
of vena cava with left renal vein to ensure a comfortable anastomosis. 

 The vascular pedicles are now completely separated; dissection on the paraverte-
bral plane, starting from the midline to the lateral profi le of the kidney, guarantees 
avoiding injury of the vascular structures even in the case of multiple vessels. All 
the tissue situated posterior to the aorta is divided. The upper line of sectioning is 
made in the adrenal gland to preserve the polar arteries. The kidney is now detached 
from the retroperitoneum following the avascular plane of the Gerota fascia and 
then removed. It can easily be removed from the donor together with the pararenal 
fat, but it is highly advisable to incise the surrounding fat in order to permit a proper 
cooling of the kidney and a complete exploration of the parenchymal surface. 

 The shortage of available organs for transplant has led to the use of older donors 
with a consequent greater degree of atheroma. More caution and gentle surgery are 
recommended in this kind of donor. An atheromatous aorta can make the placement 
of the aortic cannula diffi cult and dangerous especially in the case of an aortic aneu-
rysm. Direct mechanical trauma of the arterial wall and the high pressure of perfu-
sion can cause the atheroma material to break and can lead to cholesterol 
embolization which may affect the future kidney function in the recipient [ 3 ,  4 ]. The 
quite frequent presence of atheromatous stenosis of the renal artery origin does not 
represent a contraindication for transplant in itself but requires careful cannulation 
during bench surgery to better fl ush the kidney and cool the graft, avoiding intimal 
damage. Avulsion injuries are also described due to intimal or adventitial tear in 
fragile and easily dissectible vessels. 

 Once it has been removed, the graft is then immediately placed in cold preserva-
tion solution for a preliminary bench check and additional perfusion. The same 
procedure is repeated for the contralateral kidney. 

 Arterial and venous grafts (usually iliac or carotid vessels) for reconstruction 
during liver, pancreas, or kidney transplant can now be retrieved. Small samples of 
spleen and mesenteric lymph nodes are often required for histocompatibility testing 
(crossmatch between donor lymphocytes and recipient serum). Tight and cosmetic 
closure of the abdomen and thorax is advisable as a matter of respect toward the 
donor’s family. 

 Gerota fascia must be opened on the back table and the perirenal fat removed to 
carefully inspect the parenchyma and allow more effi cient cooling. In older donors, 
especially if smokers or with a history of renal infl ammation, the perirenal fat can 
sometimes be tightly adherent to the capsule; in that case, it is preferable to leave 
some portions of adherent fat (which could be carefully removed later by the trans-
plant team) to avoid the risk of entering a subcapsular plane and determining further 
bleeding or parenchymal damage. Simple cysts are quite common; the presence of 
solid lesions or complex cysts suspected of being tumors, even if not detected at the 
preoperative ultrasound, must not be ignored; an immediate complete excision and 
pathological examination are mandatory. All the teams should be promptly informed 
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about the presence of potential cancer. Preliminary examination of the vascular 
anatomy avoiding excessive dissection into the hilum and a further ex situ fl ushing 
with cold solution directly in the renal artery are recommended until the output from 
the renal vein becomes clear. 

 A preimplantation biopsy is commonly performed by many centers especially 
for comparison with subsequent samples. This can be a needl biopsy or a punch or 
a wedge biopsy. The common aim is to take out a sample of cortex with a suffi cient 
number of renal glomerulus, without going too deep into the medulla which is not 
useful for pathologic diagnosis and may determine severe bleeding or create arterial- 
venous fi stulas or urinary fi stulas. In the so-called marginal donors, the preimplanta-
tion kidney biopsy plays a central role in the process of valuation of the quality of 
the kidney. As described in more detail in Chap.   20    , donor parameters are integrated 
with anatomo-pathological features in the process of evaluating the suitability of the 
graft to enlarge the pool of suitable kidneys and to optimize the use of kidneys from 
older donors as single or dual transplants. We suggest performing the kidney biopsy 
immediately after the exploration of the abdominal cavity during the heartbeating 
phase when the donor is hemodynamically stable instead of doing it after the kidney 
retrieval. Kidney biopsies can be sent to the pathologist together with samples of the 
liver and suspicious lesions that may be detected. The advantages obtained by ear-
lier identifi cation of the candidate for transplant (single or dual on the basis of path-
ological fi ndings), the shortening of the cold ischemic time, and the economic 
saving compensate the minimal lengthening of the procedure caused by biopsying a 
not yet exposed kidney in a heartbeating donor with potential risk of bleeding. 

 Having completed the bench perfusion, the kidneys can then be preserved either 
in standard cold storage or in continuous machine perfusion and sent to the trans-
plant unit. Continuous machine perfusion offers persistent and homogenous core 
cooling that mimics the physiological pulsate blood fl ow and seems to offer better 
results compared to static hypothermic preservation. 

 Because in most cases the retrieval surgeon and the transplant surgeon belong to 
different teams, it is good practice to produce a document reporting essential infor-
mation regarding the donor, cross-clamping time, and the graft (kidney size, macro-
scopically detectable global quality of the kidney and of the degree of perfusion, 
vascular and ureteral anatomy in terms of numbers, caliber, length, presence/
absence of patch and quality, injuries if present, type, and volume of the perfusion 
solution used). 

 En bloc removal of the kidneys is performed with the same accuracy as single 
kidney removal. Once the aorta and vena cava have been divided at a subceliac level 
cranially and just before the iliac bifurcation caudally, inferior to superior dissection 
is performed posterior to the aorta and vena cava. Ureters should be isolated before 
this stage. After their removal, separation of the kidneys is performed on the back 
table following the same criteria of leaving the vena cava with the right kidney and 
enough aortic patch for all renal arteries. 
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16.1     Bench Surgery 

 Bench surgery has two basic aims: to prepare the vessels for safe fashioning of 
the anastomosis and to ensure good hemostasis in order to avoid massive bleed-
ing during the reperfusion of the graft. It is crucial to fi nd the right depth at 
which to stop the dissection in the hilum: this is the result of a balance between 
obtaining a satisfactory length of the vessels to ensure a safe anastomosis and 
getting too deep into the hilum with the risk of causing damage that is diffi cult 
to repair. 

 The kidney, placed in a basin in the anatomical position, is kept cold by slushed 
ice which never comes in direct contact with the graft (Figs.  16.1  and  16.2 ).   

 The renal vein and the IVC are dissected free of the extra tissue, and gonadal, 
adrenal, and any other veins coming from extrarenal tissue are ligated and divided. 
A similar procedure is performed with the renal artery taking into account that even 
small branches coming from the main artery are likely to supply the kidney (it is 
very unusual to fi nd branches which do not go to the parenchyma). 

 An accurate dissection between ligations is recommended not only to obtain 
good hemostasis once the clamps in the recipient have been released but also to 
close lymphatic vessels and to limit the incidence of lymphorrhagia and lymphocele 
posttransplant [ 5 ]. 

  Fig. 16.1     Right  kidney in 
the basin during bench 
surgery. One of the two renal 
arteries ( RA ) has been 
accidentally sectioned from 
its origin during the retrieval. 
 Ao  aorta,  RV  renal vein, 
 U  ureter,  K  renal parenchyma       
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16.1.1     Kidney Preservation 

 Despite the signifi cant increase in live donor kidney transplantation over the past 
20 years, the number of patients awaiting transplant continues to rise [ 6 ]. In order to 
expand the pool of available donors, all the fi elds of science related to the process 
of donation/transplantation have been the subject of renewed interest in the last 
decade. Particular attention has recently been focused on the importance of preser-
vation of grafts, especially of those obtained from marginal donors. Hypothermia 
allows the cellular metabolism to adapt itself to the anoxy condition (at 4 °C, the 
metabolism decreases by about 95 %); the drop in the energy consumption is also 
associated with the reduction of the activity of hydrolytic enzymes (proteases, phos-
pholipases, nucleases) which limits structural cellular damage to the graft. Even if 
no fi rm recommendations establish the optimum method of renal preservation [ 7 ], 
some recent reports advocate certain advantages in terms of reduced incidence of 
delayed graft function and 1-year graft survival of machine perfusion when com-
pared with static cold storage [ 8 – 11 ]. Even if the results of recent studies appear not 
quite homogenous, there appears to be enough benefi t associated with pulsate pres-
ervation to justify its continued use in routine clinical practice. A perfusion machine, 
measuring parameters such as renal resistances, may also offer a prognostic value 
that, in the near future, together with pathologic and clinical features could become 
part of the evaluation of the graft and contribute to the allocation process. Further 
adequately powered randomized studies are required in both heartbeating and non- 
heartbeating donors, standard criteria donor, and expanded criteria donors using 
standardized perfusion fl uid, in order to estimate the real advantage in specifi c and 
homogenous subgroups of donors. 

  Fig. 16.2    The renal graft 
once the bench surgery has 
been completed. The renal 
artery and the vein have been 
dissected free of the extra 
tissue. The paraureteral fat 
has been preserved as well as 
the hilar fat       
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 The classic concept of hypothermia as the best method of organ and tissue pres-
ervation is now a subject of debate. After a large amount of experimental research, 
normothermic perfusion is now being implemented as a novel method of preserva-
tion that restores circulation and allows an organ to regain function prior to trans-
plantation. Encouraging results come from earlier clinical experiences in grafts 
obtained from expanded criteria donor [ 12 ].      
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  17      Live Donor Evaluation 

             Giorgio     Feliciangeli     ,     Gaetano     La     Manna     , 
    Giovanni     Liviano     D’Arcangelo     , and     Vania     Cuna    

         In Italy, in Europe, and in the world, the kidney  transplantation  from a living donor 
is the main treatment to satisfy the aspiration for a better quality of life of patients 
with end-stage renal disease. 

 There are many reasons why the medical physicians (nephrologists, surgeons, 
etc.) suggest patients and their families taking into consideration the option of kid-
ney donation from living donor instead of applying for the waiting list from deceased 
donor. The main arguments can be ascribed to two main points:

   The transplantation from a  living donor  has better clinical results than the transplan-
tation from deceased donor. This fi rst point is well demonstrated by a recent 
study [ 1 ] that compares the transplantation results of completely HLA- 
mismatched living and completely HLA-matched deceased. The objective of the 
study was to evaluate the impact of HLA matching on the outcome of the kidney 
transplantation. It demonstrated the risk of graft failure increased proportionally 
with the number of HLA mismatches both in deceased donor and living donor 
transplantations. At the same time, the relative risk of graft failure for living 
donor transplantation (even with six mismatches) is the same as for deceased 
donor transplantation with 0–2 mismatches.  

  The supply of kidneys from donors with  brain death  is not suffi cient to satisfy the 
claim of kidney transplantation both in the present and in the future. In developed 
countries (Europe, USA, etc.), there is a constant reduction of donors with brain 
death. This is not only in the case of brain traumas, but also in the case with 
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cerebrovascular accidents typical of the old age. In other words, it is no longer 
possible to consider the category of “marginal” donors, utilized since more than 
20 years, as an unlimited source, but this is a progressively reducing source. This 
is because of the enhanced health of elderly people thanks to a more appropriate 
lifestyle and to the widespread use of drugs preventing cerebrovascular 
diseases.    

 In some countries (such as Italy, France, Spain, etc.), we observed an organization 
delay in the management of transplantation from living donors compared to others 
countries (USA, the Netherlands, UK, Sweden, etc.). This may be caused by the dif-
ferent attitude of doctors in  promoting  living donor transplantation in its several 
forms: direct donations from related donors, unrelated but family donors, and anony-
mous samaritan donors and indirect donations (such as crossover or domino). 

 In those countries where all these options are activated (such as the Netherlands), 
the number of living donor transplantations is higher than the number of deceased 
donor transplantations. Roodnat et al. [ 2 ] illustrated the successful expansion of the 
pool of living donor by alternative living donation programs. The reason of this suc-
cess is due to several factors including an effi cient team for the living donor trans-
plantation, the increasing number of potential donors, and the use of alternative 
programs. 

 It is essential the role of the living donor transplantation since the preliminary 
base of the chronic kidney disease (CKD). Starting in the third stage of CKD, 
awareness and health education in the patients and in their family are very important 
to promote within the family the practice of living donation. The promptness and 
effectiveness of this phenomenon allow the preemptive transplantation, which rep-
resents the best solution in clinical and social terms. It is also of great  psychological  
comfort for the family reaching this goal. 

 How can we ensure the correct understanding of the donation from living donor 
at the level of the patient and his/her family? It is important to give a simple and 
exhaustive response to the sources of doubts and concerns coming from all the 
actors involved: the receiving patient, the potential donors (better if more than one), 
the nephrologist, the surgeon, the nurse, the psychologist, etc. There are four main 
arguments in favor of living kidney transplantation:

    1.    The  clinical trend  (survival, complications, etc.) in case of living donor trans-
plantation is better than in deceased donor transplantation.   

   2.    The living donor transplantation increases the overall supply of kidney 
transplant.   

   3.    It is a safe clinical practice for the donor.   
   4.    It gives the opportunity of  preemptive  transplantation.    

  It is advisable to arrange a presentation to the enlarged family during two or three 
consecutive meetings. Joint meetings with several family groups with their relatives/
patients at the same stage of the disease are of crucial importance. Thanks to such 
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efforts, the practice of the transplantation from living donor will strengthen in the 
Southern Europe Countries. 

17.1     Evaluation of Living Donor 

 Several groups of physicians have developed  guidelines  for the evaluation of the 
living donors. In April 2004, an international consortium of more than 100 leading 
kidney transplant physicians and surgeons from 40 countries met in Amsterdam to 
discuss the standard of care for living donors. In partnership with the World Health 
Organization, this forum proposed a set of standard recommendations for living 
kidney donor evaluation derived from the best evidence-based medicine. A paper 
published in  Transplantation  in 2005 provides guidelines for potential kidney 
donors, but this document does not constitute mandatory regulation. The decision to 
accept (or not) an individual as a live kidney donor is infl uenced by medical judg-
ment and physician experience [ 3 ]. 

 Other guidelines have been published by several transplant centers from the USA 
[ 4 ] and Europe [ 5 ]. These guidelines affi rm that before donation, the live kidney 
donor must receive a complete medical and psychosocial  evaluation , and they 
should provide their appropriate, informed, and voluntary consent based on the full 
understanding of the information generated in the process [ 3 ]. 

 Donors should undergo the tests needed to ensure their safety. These include his-
tory and physical examination, blood and urine screening tests, cardiovascular 
screening, and radiographic assessment of the kidneys and vessels and quality of 
renal functions. Potential donors are evaluated meticulously and repeatedly to con-
fi rm excellent general health and bilateral normal renal function. 

 The standard workup for donor evaluation is summarized in Table  17.1 . The sec-
tion below examines the absolute and relative contraindications and some of the key 
issues related to the selection and risks for donors. It is important to remember that 
for all of the issues discussed below, the cutoffs should not be rigidly applied; the 
potential donor should in fact be evaluated as a whole, and risk associated with a 
specifi c medical fi nding should be assessed in the context of other potential risk fac-
tors [ 6 ]. The primary responsibility of the donor physicians is to “fi rst, do no harm” 
and hence to sometimes restrain motivated donors from harming themselves.

17.2        Age 

 The selection of potential living donor may be determined on the basis of  age  by 
avoiding, if possible, elderly or minor volunteers. Age <18 years is considered an 
absolute  contraindication  and most programs consider age of 18–21 years as a rela-
tive contraindication [ 3 ]. This is because younger donors, even if without risk fac-
tors for kidney disease at the time of evaluation, may still develop diabetes, 
hypertension, and obesity and have more time for these risk factors to progress to 
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CKD.  Younger  potential donors with presence of even borderline risk factors are 
likely at higher long-term risk, and it is recommended to use exclusion criteria more 
stringently in this population [ 6 ]. 

 Old age (defi ned in various studies as age >60 or 65 years) is not an absolute 
contraindication to donation. However, in such cases, the medical workup of older 
donors must be particularly rigorous to ensure that they are suitable for donation [ 7 ]. 
Although older donors are more likely to have complex medical histories and lower 
glomerular fi ltration rate (GFR), studies have shown similar outcomes in selected 
older donors versus younger donors for perioperative outcomes such as operative 
time, blood loss, and length of hospital stay [ 8 ]. With regard to long-term risks, 
older donors with potential risk factors for kidney disease (such as hypertension) are 
less likely than younger donors to have enough time for such risk factors to generate 
kidney disease that would affect their life expectancy [ 9 ].  

   Table 17.1    Evaluation of donor   

 History and 
examination 

 Instrumental 
investigations 

 Microbiological 
screening 

 Laboratory 
investigations 

 Immunological 
investigations 

 Family history  Chest radiograph  HBV  Blood count 
and 
coagulation 

 Blood group 

 Pathological 
history 

 Electrocardiogram  HCV  Urea, 
creatinine, 
serum uric 
acid, 
creatinine 
clearance, 
GFR 
measurement 
by other 
methods 

 Isoagglutinins 
IgG IgM 
anti-donor 
group (if AB0 
incompatible) 

 Physical exam  Echocardiography  HIV  Fasting lipids  HLA typing 

 Psychiatric 
history 

 Stress test  IgG and IgM 
CMV 

 Liver function  HLA 
crossmatch 

 Medications  Additional cardiac 
investigations 

 IgG and IgM 
EBV 

 Serum 
electrolytes 

 Anti-HLA 
antibodies 

 Blood pressure  Renal scintigraphy  Syphilis 
screening 

 Fasting blood 
glucose and/or 
oral glucose 
tolerance test 

 Cardiovascular 
disease 

 Computed 
tomography 

 Tuberculosis test  PSA 

 BMI  Mammography  IgG and IgM 
HSV 

 Urinalysis 

 Willingness to 
donate 

 Resonance imaging  Urine culture  24 h urine, 
protein 
excretion 

   BMI  body mass index,  HBV  hepatitis B virus,  HCV  hepatitis C virus,  HIV  human immunodefi -
ciency virus,  CMV  cytomegalovirus,  EBV  Epstein-Barr virus,  HSV  herpes simplex virus,  GFR  
glomerular fi ltration rate,  PSA  prostate-specifi c antigen,  HLA  human leukocyte antigen  
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17.3     Hypertension 

 Donation for some hypertensive individuals may be acceptable if blood pressure is 
well controlled, the  GFR  for donation and age is as expected, and there are no fea-
tures of end-organ involvement from  hypertension  [ 3 ,  4 ]. However, the overall risk 
for cardiovascular events in hypertensive patients is higher than in normotensive 
individuals with the same age, sex, and race. It is therefore important to perform 
cardiovascular evaluation and careful blood pressure (BP) measurement in potential 
living kidney donors with hypertension. The evaluation for hypertension should 
include BP measurements by experienced providers on three separate occasions; 
verifi cation of elevated levels should be undertaken with ambulatory BP monitor-
ing. If elevated BP are detected while the potential donor is still under consider-
ation, a cardiovascular (electrocardiogram, echocardiogram, stress test, etc.) and 
ophthalmologic evaluation should be performed to assess the secondary conse-
quences of hypertension. In addition, a  24 - h urine  collection for albumin excretion 
or a spot urine for albumin/creatinine ratio should be performed along with a uri-
nalysis and a formal GFR measurement. Some patients with easily controlled 
hypertension who meet other defi ned criteria (e.g., >50 years of age, GFR >80 ml/
min, urinary albumin excretion <30 mg/day) may be considered a low-risk group 
for development of kidney disease after donation and may be acceptable as kidney 
donors. Candidates with a blood pressure >140/90 mmHg are generally not accepted 
as donors. Mild to moderate hypertension that is controlled with single or double 
antihypertensive agents is not a contraindication to kidney donation providing sig-
nifi cant end-organ damage is excluded. The presence of hypertensive end-organ 
damage, poorly controlled hypertension, and hypertension that requires more than 
two drugs to achieve adequate control are relative contraindications to living dona-
tion [ 3 – 5 ].  

17.4     Glomerular Filtration Rate 

 Among living kidney donors with normal renal function prior to donation, the risk 
of developing end-stage renal disease (ESRD) after unilateral nephrectomy is not 
higher than among individuals in the general population [ 10 ]. In general, individu-
als who are being evaluated for kidney donation should have “normal” renal func-
tion as determined by  GFR . Renal function can be measured with various methods, 
and the multifactorial nature of the various tests may lead to either an overestima-
tion or an underestimation of the true physiological function of the kidneys. 
However, in the case of living kidney donations, the accurate measure of renal 
function is of fundamental importance. GFR is either measured as endogenous 
creatinine clearance by 24-h urine collection or estimated based on serum creati-
nine measurement by various  formulas  such as Cockroft-Gault, modifi cation of 
diet in renal disease (MDRD), and the chronic kidney disease epidemiology col-
laboration equation (CKD-EPI). The use of a 24-h urine collection to estimate 
GFR with creatinine clearance is the most common technique of donor evaluation; 
however, creatinine clearance has many defi ciencies, including errors from urine 
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collection. MDRD, CKD-EPI, and other equations based on serum creatinine have 
been compared with measured GFR, and it was proved that it is unreliable for 
evaluation of donors; hence, it should be avoided [ 11 ]. Likewise, KDIGO guide-
lines discuss the limitation of these methods especially for patients with normal 
renal function [ 12 ]. The direct measure of GFR using iodinated or radioactive iso-
topes is ideal for evaluating kidney function in donors. This is because the methods 
that measure renal function with a higher precision use radioisotopic markers for 
 scintigraphy  such as technetium-99m-labeled diethylenetriaminepentaacetate 
(DTPA), chrome-51m- labeled ethylenediaminetetraacetate (EDTA), and techene-
tium-99m-labeled mercaptoacetyltriglycine (MAG3). In addition to these func-
tional tests, imaging techniques such as ultrasound, computed tomography (CT), 
and magnetic resonance imaging (MRI) are used to determine the vasculature, 
kidney size, and volume [ 13 ]. 

 Although various reports of normal kidney function stratifi ed by age differ some-
what, due to the technique used and the proportion of patients with medical prob-
lems that are included, the importance to use different cutoffs depending on the age 
of the potential donor can be seen from any reports. Several studies recommend that 
living donors should have a GFR of ≥80 ml/min or, alternatively, a normal kidney 
function for age and gender [ 5 ,  7 ].  

17.5     Diabetes Mellitus 

 All donors should be evaluated with fasting blood  glucose . Diabetes is associated 
with a higher  risk  of postsurgical complications and of future development of renal 
failure compared to the general population. The individuals at risk of developing 
type 2 diabetes include those with a familiar history, a body max index (BMI) 
>30 kg/m 2 , woman with gestational diabetes, and excessive alcohol use. Individuals 
with a history of diabetes or fasting blood glucose ≥126 mg/dl (≥7 mmol/l) on at 
least two occasions should not donate [ 3 ]. Only one study, carried out in Japan, 
examined the effect of impaired glucose tolerance on living donor outcome. The 
results of this study suggest that individuals who have glucose intolerance without 
diabetic complication may be able to donate their kidney safely with little surgical 
complication and slightly higher morbidity if strict evaluation is performed before 
transplant [ 14 ]. Individuals often lose weight and change their lifestyle (exercise, 
diet), leading to an improvement of their results and increasing their eligibility as 
donors. It is therefore important that these modifi cations of lifestyle and risk factors 
be sustained after donation occurs. 

  Dyslipidemia  should be included in donor risk assessment along with other risk 
factors although dyslipidemia alone does not exclude kidney donation. All potential 
donors should have a health-promoting dialogue with doctors (or another health 
professional) with the objective of promoting on alcohol and smoking cessation 
among other risk factors [ 3 ].  
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17.6     Obesity 

 Patients with BMI >35 kg/m 2  should be discouraged from kidney donation, espe-
cially when other comorbid conditions are present. Obesity is associated with pro-
teinuria and hypertension and may lead to ESRD. In the case of obese donors, the 
operative time and the length of hospital stay are longer, and the risk of peri- and 
postoperative complication is higher than in patients with  BMI  <30 kg/m 2 . 
Overweight donors should be advised to lose weight before donation, and the poten-
tial risks of being overweight should be carefully discussed [ 3 – 6 ].  

17.7     Proteinuria 

 Proteinuria should be considered as an ordinary element of the donor evaluation 
process. The collection of urine should be repeated and its accuracy checked when 
the result is outside the normal values. Because  proteinuria  is potentially a sign of 
renal disease, a potential donor with signifi cant and persistent proteinuria should 
not be considered. A 24-h urine protein higher than 300 mg/day and a urine albu-
min/creatinine ratio higher than 30 mg/mmol are contraindications to donation. The 
signifi cance of microalbuminuria and of a 24-h urine protein of 150–300 mg has not 
been fully evaluated among living kidney donors. However, because the risk of both 
chronic kidney disease and cardiovascular morbidity increases progressively with 
increasing albuminuria, such donors require careful evaluation and counseling 
about the risks of donation [ 3 ,  7 ].  

17.8     Hematuria 

 Potential donors should be subject to urinalysis at least on two separate occasions; 
two or more positive tests, including trace positive, should be considered as persis-
tent nonvisible hematuria [ 7 ]. Isolated microscopic  hematuria  is present in 5–6 % of 
the general population, and its prevalence increases with age; persistent microscopic 
hematuria occurs in 3 % of the general population and is closely linked to pathologi-
cal fi ndings [ 15 ]. Isolated hematuria may be urological (including stones, infection, 
or tumors) or glomerular. Imaging and cystoscopy address urological causes. For 
glomerular hematuria a renal biopsy is necessary to distinguish IgA nephropathy, 
thin basement membrane, Alport syndrome, and other causes of renal disease from 
normal histology [ 6 ]. Glomerular pathology precludes donation with the possible 
exception of thin basement membrane disease [ 7 ]. However, donor evaluation 
guidelines including the Amsterdam Forum have not identifi ed hematuria as a defi -
nite or relative contraindication for kidney donation. A recent study shows that per-
sistent glomerular hematuria is a signifi cant risk for persistent proteinuria and 
progressive renal dysfunction; therefore, potential donors should be excluded [ 16 ].  
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17.9     Nephrolithiasis 

 In the case of kidney donation from an individual affected by nephrolithiasis, the 
risks and risk factors for stone formation in that individual have to be defi ned. 
Individuals with more than one stone or who have metabolically active  stone forma-
tion  are not suitable for kidney donation. Candidates with genetic predisposition to 
stone disease, such as cystinuria or hyperoxaluria, also are not suitable. Any  meta-
bolic  abnormalities of hypercalciuria, hyperuricemia, and recurrent urinary tract 
infections are associated with higher risks for recurrent stone formation. An asymp-
tomatic potential donor with a current single stone is suitable for donation if the 
individual does not have a high risk of  recurrence , if the stone is smaller than 
1.5 cm, and especially if the stone is potentially removable during transplantation 
[ 3 ]. Seventy-seven percent of US programs accept donors with a history of stones 
[ 6 ]. There are few studies that describe the incidence of the risks and complications 
of recurring stone disease after live kidney donation. A study published in 2013 
assessed the outcomes of 41 donors with nephrolithiasis and their recipients; the 
authors concluded that the presence of small caliceal stones should not constitute an 
exclusion criteria: only one donor with nephrolithiasis on preoperative imaging who 
donated the contralateral kidney had a stone episode during the follow-up period. It 
can therefore be concluded that the risk of clinical stone recurrence in donors and 
recipients is low [ 17 ]. There is no formal donor registry to monitor these patients 
over time. Further research on the long-term performance of stone formers who 
donate a kidney would be needed to evaluate whether stone formers selected in an 
appropriate manner can be considered suitable for donation [ 18 ].  

17.10     Inherited Renal Disease 

 A complete  family history  of kidney disease, especially for the cause of renal failure 
in a genetically related recipient, is critical to the donor evaluation. For example, 
a signifi cant family history of diabetic nephropathy is usually a contraindication to 
donation, especially in the case of a young potential donor. In donors with a family 
history of polycystic kidney disease, ultrasound or computed tomography is highly 
sensitive in ruling out cystic disease, especially in those aged >30 years [ 6 ]. When 
the kidney failure in the recipient has hereditary causes, genetic testing should be 
performed to exclude genetic disease in the potential donor. Most common inherited 
kidney diseases are rare, so clinical  genetics tests  should be performed during the 
early stages of the donor evaluation process to assess the likelihood of risk occur-
rence among other family members [ 7 ].  

17.11     Malignancy 

 Kidney donor candidates should be screened for both personal and family histories 
of malignancy. They should undergo standard age and gender-appropriate screen-
ing tests as recommended by national organizations. The risk of  malignancy  
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increases with age; hence, it is imperative that older donors are screened to exclude 
malignancy. The Pap test is recommended for all women, prostate-specifi c antigen 
test was recommended for male potential donors older than 50 years, mammogram 
for women older than 40 years, and colonoscopy for individuals older than 5 years 
[ 19 ]. A prior history of the following malignancies usually excludes live kidney 
donation: melanoma, testicular cancer, renal cell carcinoma, choriocarcinoma, 
hematological malignancy, bronchial cancer, breast cancer, and monoclonal gam-
mopathy [ 3 ]. A prior history of malignancy usually excludes live kidney donation 
but may be accepted if the specifi c cancer is curable and the potential transmission 
of the cancer can reasonably be excluded (examples include colon cancer Dukes A, 
nonmelanoma skin cancer, or carcinoma in situ of the cervix). The risks of trans-
mission are not zero, however, and the risks and benefi ts need to be discussed with 
the potential donor and recipient. An oncology consultation is also recommended 
to donor candidates with a history of malignancy during the donor evaluation pro-
cess [ 3 ,  20 ].  

17.12     Cardiovascular and Pulmonary Disease 

 In potential donors, the cardiac assessment should be based on their medical his-
tory, the identifi cation of risk factors, the medical examination, the electrocardio-
graphic fi ndings, and on an exercise or pharmacologic stress test. The purpose of 
 preoperative  evaluation is to assess the patient’s current medical status and gen-
erate recommendations concerning the evaluation, management, and risk of car-
diac problems over the entire perioperative period. The evaluation should also 
provide a profi le of the clinical risk that may infl uence short- and long-term 
cardiac outcomes. The clinical predictors of an increased perioperative cardio-
vascular risk for noncardiac surgery by the American College of Cardiology/
American Heart Association identify three categories: major, intermediate, and 
minor. These guidelines provide a framework for assessing cardiac risk of non-
cardiac surgery in a variety of patient and surgical situations. Individuals with 
myocardial dysfunction or coronary ischemia are at increased risk and should 
generally not donate [ 3 ,  21 ]. 

 Routine preoperative pulmonary function testing is not necessary for potential 
live kidney donors, unless there is an associated risk factor such as chronic lung 
disease that signifi cantly increases the anesthetic risk [ 3 ].  

17.13     Infection 

 A potential donor should undergo an  infection  screening to identify potential risks 
resulting from previous or current infections. Such screening is also needed to 
assess the risks of transmission of infection to the recipient [ 7 ]. The risk of  trans-
missibility  of disease needs to be deeply analyzed because many forms of infectious 
disease may be benign in a nonimmunocompromised host; in a transplant recipient 
undergoing an immunosuppressive regimen, these disease entities might be 
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detrimental and sometimes fatal. The presence of human immunodefi ciency virus is 
an absolute contraindication to living kidney donation. Active hepatitis B virus and 
hepatitis C virus infection in the donor are usually contraindications to living donor 
kidney transplantation; however, donors with no evidence of active viral replication 
may be considered under some circumstances [ 7 ,  20 ]. Many other serological 
screens are usually performed as part of donor evaluation: for example, the cyto-
megalovirus (CMV) and Epstein-Barr virus (EBV) status of the donor and recipient 
should be established before transplantation. Serological  CMV -positive donors are 
not precluded from donation to a CMV-negative recipient. The agent for viral pro-
phylaxis might be more intensive during the initial transplant and might extend for 
a long time in the recipient to prevent acute infection with CMV [ 22 ]. When the 
donor is  EBV  positive and the recipient is EBV negative, the donor and recipient 
should be counseled about the risk of developing posttransplant proliferative disor-
der [ 3 ,  7 ]. There are regions in the world with geographical and endemic infectious 
diseases. Strongyloidiasis in Asia, Chagas disease in Central and South America, 
and schistosomiasis and malaria in Africa are examples of infectious diseases that 
have risks of transmission at the time of transplantation. It is important for potential 
donors to be screened for these diseases if they live in countries where such diseases 
are endemic [ 3 ]. Active mycobacterium tuberculosis infection is a contraindication 
for donation because tuberculosis can be transmitted from the live kidney donors to 
their recipients. Nevertheless, donation from individuals with a past history of pul-
monary tuberculosis is acceptable [ 3 ,  20 ]. Asymptomatic bacteriuria should be 
treated before donation. Unexplained hematuria or pyuria necessitates evaluation 
for adenovirus, tuberculosis, and cancer. Urinary tuberculosis and cancer are con-
traindications to donation [ 3 ].  

17.14     Psychosocial Evaluation 

 The transplant community agrees that, together with the medical evaluation, the 
predonation  psychosocial  evaluation is a necessary component of the process that 
determines whether a person is suitable for donation. However, most guidelines do 
not provide detailed information on how to ensure the genuine altruistic motivation 
of the donor, safeguarding voluntary consent and evaluating mental suitability 
[ 19 ]. Available psychosocial criteria for living donor selection seem to have been 
established based on the opinions and the experiences of various specialized insti-
tutes rather than on empirical evidence. In general, it is important that all donor 
candidates receive a psychosocial assessment to identify any risk factors in living 
organ donors that may lead to poor outcomes. Likewise, special care should be 
given to assess the differences in psychosocial problems between the donor and the 
recipient. It is also important to bear in mind that psychosocial evaluation helps 
clinicians to identify those individuals who need additional support or therapeutic 
interventions pre- or postdonation [ 23 ].     
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  18      Living Donor Nephrectomy 

             Matteo     Ravaioli      ,     Flavia     F.     Neri      ,     Lorenzo     Maroni     , 
    Massimo     Del     Gaudio     ,     Annalisa     Amaduzzi      ,     Giorgio     Ercolani      , 
and     Antonio     Daniele     Pinna     

18.1             Introduction 

 Living kidney donation (LKD) is the best option for end-stage renal disease (ESRD) 
and is nowadays considered a safe procedure for the donor, subject to a mortality 
rate lower than 0.03 %. 

 There are different surgical techniques for living donor nephrectomy, and over 
the years they have changed according to instrumental and surgical innovations. 
Less invasive surgical procedures using laparoscopic techniques are advocated to 
improve the postoperative outcome of the donors (less pain, short hospital stay, and 
a fast return to work). 

 The surgical procedure and the strategies for the entire donation process should 
focus on the principle of not damaging the donors and leaving them with a “better 
kidney.” 

 The classic surgical approach is transperitoneal, where the nephrectomy is per-
formed using a midline or subcostal incision according to the site. This technique 
includes all the risks of postoperative complications common to the “open” surgery 
in the abdomen (visceral injuries, small bowel occlusion, etc.). The extraperitoneal 
approach is performed with a lumbar incision underneath the 12th rib (the excision 
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of the 12th rib is seldom necessary) or above it, and it is important not to open the 
peritoneum or the pleural space. 

 The laparoscopic technique may be utilized using either the intraperitoneal or the 
extraperitoneal approach and applying many variants such as the hand-assisted or 
robotic-assisted techniques [ 1 – 5 ]. 

 A recent Cochrane review [ 6 ] compared the results of open and laparoscopic liv-
ing donor nephrectomy, and the latter technique showed reduced analgesia use, 
shorter hospital stay, and faster return to normal physical functioning, while the 
other postoperative complications were comparable. Open nephrectomy had a 
shorter operating time and warm ischemia period, but the outcomes of the kidney 
transplantations were comparable in terms of graft survival and function. 

 Therefore, the surgical techniques should be based on the local expertise of the 
surgeons to favor the safety and the satisfactory outcome of the kidney transplanta-
tion [ 7 ].  

18.2     “Open” Nephrectomy 

18.2.1     Intra-abdominal Approach 

 The incision may be midline or subcostal left or right according to the laterality of 
the kidney to be removed. Actually, we prefer a “mini” laparotomy through the right 
subcostal incision for right nephrectomy. The incision is close to 12 cm, and it is 
quite similar to the incision when the “hand”-assisted technique is applied. The 
retractors are moved according to the stage of the procedure. 

 We start with the mobilization of the colon to expose the Gerota fascia, and we 
then isolate the ureter and the gonadal vein. The adipose tissue of the kidney is 
removed, and the gonadal vessels are followed in order to isolate the renal vein. The 
renal artery is isolated and the upper part of the kidney detached from the adrenal 
gland. When the kidney has been completely mobilized and the renal vein and artery 
isolated for up to 3–4 cm, we cut the ureter and place a single vascular clamp for the 
artery and the vein, which are resected. The kidney is removed and the vein is sutured 
with 4-0 or 5-0 Prolene, while the artery is sutured with 5-0 Prolene and ligated with 
2-0 Vicryl. A drain is left in place and removed on postoperative day 2–3. 

 In the case of right nephrectomy, we often place a Satinsky clamp at the confl u-
ence of the right renal vein to the vena cava, in order to have the vein as long as 
possible. In the case of a short vessel, we sometimes use a cryopreserved graft from 
a cadaveric donor (Fig.  18.1 ).   

18.2.2     Retroperitoneal 

 The donor is placed in the lateral decubitus position on the opposite side of the 
nephrectomy. The lower leg is bent under the straight upper leg from which it is sepa-
rated by a pillow. The operating table can be broken under the fl ank of the donor in 
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  Fig. 18.1    Vein graft for living kidney transplantation and back table of an artery graft for living 
kidney transplantation       
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order to open the space between the ribs and the iliac crest and improve the exposure. 
The incision is performed underneath the 12th rib, which is preserved, following the 
superior border of the rib toward the umbilicus. During the incision it is important to 
avoid opening the pleural space. If this complication should occur, it is suffi cient to 
close the hole after aspiration of air and avoid pleural derangement in the postopera-
tive course. The steps of the procedure are the same as with “open” nephrectomy 
with the exception of the colon mobilization, which is not necessary. The risk of 
visceral injury is reduced since the peritoneum is left intact. The incision may be a 
“mini” laparotomy close to 12 cm like the open approach. The additional steps are 
the isolation of the ureter, the gonadal vein, the renal vein, and the renal artery and 
the complete removal of the adipose tissue from the kidney. After the complete mobi-
lization of the kidney and 3–4 cm of the renal vein and artery, the ureter is sectioned, 
a vascular clamp is placed for the vein and the artery, and the kidney is removed. The 
vein and the artery are sutured as previously described.   

18.3     Laparoscopic Nephrectomy 

18.3.1     Intra-abdominal 

 The donor is placed in a full fl ank position, on the opposite site with respect to the 
procured kidney; during the operation, the operating table should be fl exed so that 
the hyperextension of the fl ank elevates the kidney for a better exposure. The lower 
leg is bent, and three pillows support the upper leg. After creation of the pneumo-
peritoneum (12–15 mm water), the camera is introduced through the umbilical port. 
Three ports are mandatory and are the following: a 12-mm umbilical port for the 
camera, a 12-mm port between the umbilicus and the anterior iliac spine homolat-
eral to the side of the nephrectomy, and a 5-mm port 3 cm lateral to the umbilicus 
and 3 cm below the costal border. An additional 5-mm port may be used for retrac-
tion and placed on the anterior axillary line. First the surgeon incises the lateral 
peritoneal refl ection from the splenic or hepatic fl exure to the pelvic inlet and dis-
sects the Gerota fascia from the colonic mesentery. The surgeon then mobilizes the 
spleen (for left nephrectomy) or the liver and duodenum through kocherization (for 
right nephrectomy). The gonadal and adrenal veins are sutured, and the upper pole 
of the kidney is separated from the donor adrenal gland. When preparing the hilum, 
the lumbar veins are ligated to fully mobilize the renal vein, and the arterial vein can 
then be dissected. For right nephrectomy, some authors suggest performing inter-
aortocaval space dissection in order to ligate the renal artery at its origin from the 
aorta. The lower pole of the kidney can then be dissected and separated from the 
posterior attachments. The ureter is clipped at the level of the iliac vessels and dis-
sected together with the periureteral fatty tissue. If the retrieval is performed through 
an endobag, it should be placed within the abdominal cavity and around the kidney 
before the vessel is sectioned. The sequential ligation of the renal artery and vein is 
then performed with a GI vascular stapler, which should be oriented in a plane par-
allel to the inferior cava vein. In right nephrectomy, the surgeon may want to use a 
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TA stapler which only fi res two staple lines, leaving the surgeon the option of cut-
ting the vessel open at the time of retrieval and gaining extra length for the anasto-
moses on the recipient. Otherwise, a Satinsky clamp can be used to obtain a cuff of 
cava vein, which is then sutured. The kidney is fi nally retrieved through either the 
extension of one of the incisions or through a Pfannenstiel incision [ 8 ].  

18.3.2     Retroperitoneal 

 The donor is placed in a fl ank position. The incision is performed below the tip of the 
12th rib, at the angle of the 12th rib and the lateral margin of the iliocostal muscle. The 
retroperitoneal space is reached after sectioning the thoracolumbar fascia and then 
expanded through a balloon device, which is then replaced by a 12-mm camera port. 
A 10-mm port is placed between the iliac crest and the 12th rib on the axillary line. A 
5-mm port is inserted 5 cm above the anterior spine of the iliac bone. The pneumoperi-
toneum is created with a pressure of 5–10 mmHg. The kidney and ureter are dissected 
retroperitoneally; the renal artery and vein are identifi ed from the posterior side and 
separated from the perivascular lymphatic and fatty tissue, after dissecting and sec-
tioning the lumbar, gonadal, and adrenal veins. The perinephric fat and the fi brous 
capsule are then dissected, and the kidney is totally isolated from the adrenal gland and 
surrounding structures. The ureter is then sectioned at about 20 cm from the hilum. A 
5-cm Pfannenstiel incision is then performed and an anterior vesical space created by 
fi nger dissection connected to the retroperitoneal space. A LapDisc is placed in the 
Pfannenstiel incision to maintain the pneumoretroperitoneum, through which an endo-
bag is introduced in order to retrieve the graft. The renal artery and vein are then sec-
tioned through a vascular staple. Finally the graft is removed through the Pfannenstiel 
incision. For right nephrectomy, the retroperitoneoscopic approach allows better 
access to the hilum and a good length of both artery and vein. This approach also 
allows the use of a Satinsky clamp to gain extra length for the right renal vein [ 9 ].  

18.3.3     Hand-Assisted 

 The hand-assisted procedure has been described both for the transperitoneal [ 10 ] 
and for the retroperitoneoscopic approaches [ 11 ]. The position of the patient on the 
operating table and the number and sites of the ports are similar to those described 
above for the pure retroperitoneoscopic and transperitoneal laparoscopic approach. 
The difference is mainly due to the site of the larger incision for the introduction of 
the operating hand. 

 For the retroperitoneoscopic technique, the surgeon performs a Pfannenstiel inci-
sion through which the preperitoneal space is created through blunt manual dissec-
tion. Using a hand-assisted device (LapDisc, HandPort, Omniport), the surgeon 
introduces his left hand between the abdominal wall and the peritoneum, and then 
all the other ports can be placed. For the transperitoneal approach, the HandPort is 
placed through the periumbilical incision extended for 7 cm. 
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 The introduction of the hand facilitates the process of vascular exposure, short-
ens the cold ischemia time because the graft can be easily removed, and increases 
donor safety. In the case of sudden bleeding, the surgeon can immediately clamp the 
vessel with the fi ngers while the assistant performs the laparotomy, reducing the 
blood loss.  

18.3.4     Robotic 

 The donor is placed on the operating table in the lateral decubitus position (opposite 
to the side of the nephrectomy). The table is then fl exed in order to open the angle 
between the costal margin and the anterior iliac crest. In the case of hand assistance, 
the incision for the HandPort is performed infraumbilically on the midline for an 
extension of approximately 7 cm; a Pfannenstiel incision is performed for the graft 
extraction in the case of pure robotic technique. The ports are then placed in the left 
lateral wall and inguinal region (12 mm) and in the subxiphoid lower lateral abdo-
men (8 mm). The da Vinci robot is brought to the operating table, and the arms are 
connected to the trocars; the surgeon operates from a remote console, which con-
trols the movements of the articulated robotic arms mimicking the human hand. The 
surgical steps are similar to transperitoneal laparoscopic nephrectomy [ 12 ,  13 ].  

18.3.5     Notes 

 A few reports describe the utilization of natural orifi ces for the extraction of the 
graft, in order to maximize the cosmetic result. In particular, the transvaginal access 
has been the most widely employed. The robotic platform is needed for this proce-
dure. The patient is placed in a lateral decubitus position with the legs abducted and 
the superior hip externally rotated. A SILS (single-incision laparoscopic surgery) 
port is introduced through a 4-cm intraumbilical incision, and one 12-mm as well as 
two 5-mm trocars are inserted. After achieving the pneumoperitoneum, the vaginal 
port is positioned through a 2.5-cm transverse incision at the vaginal apex. After 
dissecting the rectum from the posterior vaginal wall, the peritoneum is opened and 
a bariatric 12-mm port is inserted. The following surgical steps are similar to what 
was previously described for robotic and laparoscopic surgery. The endobag is nec-
essary for this procedure; before the vascular sectioning, the kidney is placed in the 
endobag and the bag closed excluding the hilum. After stapling the renal artery and 
vein, the kidney is delivered through the vaginal access [ 14 ].   

18.4     Donor Risk and Complications 

 A review of the literature regarding the outcome of open donor nephrectomy (ODN) 
compared to laparoscopic donor nephrectomy (LDN) shows that LDN provides less 
postoperative pain, a shorter hospital stay, and a faster recovery. However, when 
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complications occur they can be life-threatening and lead to reoperation [ 15 ]. 
Although the mortality for kidney donors is very low, around 0.03 % mainly due to 
hemorrhage and pulmonary embolism, the overall complication rate approaches 
10 %, with major intraoperative bleeding and conversion to laparotomy occurring, 
respectively, in 1.6 % and 13 % of cases [ 16 ]. 

 Pure laparoscopic and hand-assisted laparoscopic donor nephrectomy (HALDN) 
are the most widely adopted surgical techniques for living donor nephrectomy. 
While the pure laparoscopic technique is preferred by experienced laparoscopic 
surgeons, HALDN presents a shorter learning curve and offers a sort of bridging 
procedure from the open technique to a pure laparoscopic approach [ 17 ]. The only 
real disadvantages of HALDN are the higher costs due to the HandPort where there 
is also an increased risk of incisional hernia. The retroperitoneal approach has the 
undeniable advantage of decreasing postoperative ileus and generally reduces the 
postoperative course, but the narrow working space makes the technique a real chal-
lenge even for experienced laparoscopic surgeons [ 18 ]. As confi rmed by a recent 
randomized controlled trial, the outcome in terms of donor safety and length of 
hospital stay did not differ signifi cantly between the group of donors who under-
went retroperitoneoscopic surgery and those who underwent intraperitoneal 
laparoscopy. 

 The technical surgical characteristics should also be taken into consideration 
when deciding the best approach. The left kidney is always the best option when the 
two organs are equal in terms of function; in the case of vascular anomaly for the 
left kidney, it is the surgeon’s responsibility to decide which kidney to procure. 
Although the laparoscopic procedure has been preferentially adopted on left grafts 
because of an easier anatomical condition, no real contraindication exists for the 
procurement of right grafts since the posttransplant outcome of the grafts appears to 
be equal for either side [ 19 ,  20 ]. 

 The main issue, however, is to preserve any possible arterial branch, especially 
when they appear to perfuse the lower pole of the kidney, in order to avoid ureteral 
ischemia. In experienced centers, the outcomes of grafts with multiple arteries are 
comparable to those with a single artery as regards early and late vascular and uro-
logic complications and graft function. In a transplant center, any possible anatomi-
cal variant can be corrected at the bench surgery through vascular reconstruction, 
maybe employing vascular grafts, often avoiding multiple anastomoses in the recip-
ient [ 21 ]. 

 The economic aspect also has an important role in the choice of surgical tech-
nique. The economic advantage leans toward the open technique because the cost of 
the laparoscopic tools and of the possible complications exceeds the benefi t due to 
the reduced hospital stay and the faster return to work activity [ 22 ]. 

 In conclusion, no clear superiority of one technique over the others has been 
shown so far. The surgeon’s preference is still the main discriminating factor. The 
principles to be followed are: ensure the best outcome for the donor and make the 
best use of the available grafts. This last rule means not refusing donors on the basis 
of purely anatomical diffi culties and providing the best outcome of the graft after 
transplantation, saving possible multiple arteries and adopting reconstructive 
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techniques. Although laparoscopic donor nephrectomy is the standard procedure 
nowadays, it is still perfectly acceptable to use the open technique if the laparo-
scopic approach is not feasible or puts the graft at risk of failure due to some ana-
tomical variances.     
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      Renal Transplantation: Surgical 
Technique 
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19.1             Standard Technique 

19.1.1     Side Positioning of the Kidney 

 Results of kidney transplantation have dramatically improved during the past three 
decades due to refi nements in surgical instruments, new immunosuppressive regi-
mens, improved kidney preservation, and advances in antimicrobial therapy [ 1 – 4 ]. 
However, the principles of the vascular anastomosis technique proposed by Carrel 
in 1902 and the accomplishment of the implantation in the iliac vessels by Kuss in 
1951 are still in use [ 5 – 7 ]. 

 It has been suggested that the left kidney is easier to transplant than the right 
kidney because of the longer length of the left renal vein, facilitating the formation 
of the venous anastomosis [ 8 – 10 ]. Registry reports of kidneys transplanted from the 
late 1980s to the early 1990s suggested that early deceased donor allograft survival 
was superior with left-sided kidneys [ 11 ,  12 ]. United Network for Organ Sharing 
(UNOS) data on transplants between 1988 and 1991 [ 11 ] showed 3-month allograft 
survival rates of 90.4 % in recipients of left-sided kidneys versus 85.0 % in recipi-
ents of right-sided kidneys ( P  = 0.0005). This effect appeared to be lost with longer 
follow-up, and beyond 1 year there was no effect seen in either report. Early allograft 
survival in this era has greatly improved compared with that reported in the above 
studies, with 1-year graft survival being over 90 % [ 13 ]. More recently, a study from 
an Australian center suggested no effect on deceased donor allograft outcome 
between left and right kidneys [ 14 ]. A European study from Dublin [ 15 ] 
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demonstrated no effect on delayed graft function or long-term allograft survival 
between recipients of left and right kidney transplants. Moreover, renal function, as 
measured by serum creatinine, was similar in the two groups considering a direct 
comparison of right and left kidneys from the same donor to be a more accurate 
method which would account for other donor variables, such as donor age, gender, 
cause of donor death, and comorbidities. 

 However, the left renal vein has additional properties which can present chal-
lenges for the transplant surgeon. These include anatomical variations of the poste-
rior tributaries [ 16 ] and the presence of pre- and retroaortic veins [ 17 ] and of a 
double left renal vein [ 18 ]. These anomalies may negate any preexisting advantage 
attained using the left kidney with its longer renal vein.  

19.1.2     Graft Renal Vein Anastomosis 

 During renal transplantation the standard vein anastomosis technique is an end-to- 
side anastomosis performed between the graft renal vein and the recipient’s external 
iliac vein with an extraperitoneal approach over the iliopsoas muscle, after skin 
incision in the right or left hypogastric fossa, sectioning the muscular plane, and 
isolation and double ligation of the epigastric vessels (Fig.  19.1 ).  

 Anastomosis was performed using 6-0 Prolene running stitches in the end-to- 
side fashion (Fig.  19.2 ).  

 In cases of external iliac vein thrombosis, the common iliac vein can be useful to 
perform the anastomosis, and only in rare cases is the inferior vena cava of the 
recipients anastomosed with the graft renal vein with an intraperitoneal approach. 

 A short or damaged right renal vein (SRRV) can make renal transplantation very 
diffi cult [ 19 – 22 ]. The right renal hilum has a single long artery and a short vein that 
causes diffi culties while performing a venous anastomosis either from a living or 
cadaveric kidney and especially when the right renal artery has an aortic patch in the 

  Fig. 19.1    Extraperitoneal approach to external iliac vessels: left eternal iliac vein encircled with 
blue Silastic rubber; left external iliac artery encircled with red Silastic rubber       
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case of a cadaveric donor. It is more complicated and takes more time to perform the 
transplant especially with either deep iliac vessels or in obese patients. Anastomosis of 
an SRRV to the common or external iliac vein has been reported to be associated with 
technical problems such as angulation or tension of the venous anastomosis, reduced 
mobility, limited placement and inspection of the graft for hemostasis, and possible 
kinking of the donor artery. One technical solution consists of a more extensive mobi-
lization of the recipient’s vessels, with the increased risk of lymphocele formation. 
A number of surgical approaches have been described to solve the problem of an SRRV 
[ 21 ]. Several techniques have been used to overcome this technical challenge, such as 
renal vein extension using an autologous saphenous graft, bovine arterial heterograft, 
or polytetrafl uoroethylene (PTFE) vascular prostheses [ 21 – 24 ]. A technique of extend-
ing the right renal vein using the contiguous inferior vena cava was introduced to make 
vascular anastomosis feasible [ 25 – 27 ]. Using this technique, a portion of the contigu-
ous inferior vena cava is removed during organ harvesting to extend very short right 
renal veins from cadaveric kidneys [ 27 ]. The technique for obtaining an appropriate 
length of the right renal vein using the vena cava is simple, physiological, and feasible 
and does not interfere with multiorgan procurement [ 19 – 27 ]. 

 Short vessels can take up more time and extend the length of the warm ischemia 
during renal vessel anastomoses. In renal transplantation, when the vein is slightly 
longer than the corresponding artery, it allows easier venous and arterial anastomo-
ses. Renal vein thrombosis is a serious complication leading to graft nephrectomy 
in many cases, despite medical or surgical therapy [ 21 ,  22 ]. In addition to this risk, 
there is concern that continuous thrombosis to the recipient vein may lead to a pul-
monary embolus [ 21 ,  26 ,  27 ]. Right renal vein elongation with the inferior vena 
cava seems to be a much better approach than a venous saphenous autograft; spiral 
gonadal veins, bovine arterial heterografts, and vascular prostheses have also been 
used for these surgical challenges [ 21 – 24 ]. 

 Dissection of the hilum of the donor kidney to lengthen the right renal vein is not 
recommended due to the risk of parenchyma hemorrhage and injury of the blood 

  Fig. 19.2    Graft renal vein anastomosis with recipient’s external iliac vein clamped       
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supply of the pelvis and ureter and can consequently cause necrosis to both. Faulty 
surgical techniques may be the cause for the majority of late ureteral stenosis due to 
ureteral devascularization and ischemia [ 19 ]. Right renal vein extension is particu-
larly important in kidneys with multiple vessels, in order to avoid lesions to these 
venous and arterial variations, and to ensure easier anastomosis and possibly better 
positioning of the kidney. There is no increased risk with the use of the vena cava 
extension, and we recommend that the donor team routinely provide the right kid-
ney with the vena cava attached. This allows the recipient team to determine whether 
an extension is appropriate for the particular recipient. This technique eliminates the 
need to mobilize the recipient’s vessels by a more extensive dissection, and the 
internal iliac vein division is not required. The kidney graft can easily be placed 
above the iliac vessels. This technique also preserves a patch of cadaveric aortic 
wall along with the right renal artery, thereby minimizing the risk of arterial graft 
kinking, renal transplant artery stenosis, and thrombosis. 

 Performance of this technique depends upon the vena cava being left intact and 
attached to the right renal vein when the organs are separated [ 25 ,  27 ]. Multiple 
right renal veins can also be elongated with the inferior vena cava.  

19.1.3     Graft Renal Artery Anastomosis 

 There are few data available comparing vascular anastomosis techniques, and while 
there is no difference in the incidence of renal artery stenosis following end-to-end 
(hypogastric artery) or end-to-side (common or external iliac artery) arterial anasto-
mosis, most of the data come from retrospective studies [ 28 ]. A recent prospective 
study by Matheus et al. [ 29 ] showed similar short and long results with both arterial 
anastomosis techniques. Although some doubts persist about what the best tech-
nique for arterial anastomosis is, end-to-side anastomosis to the external iliac artery 
is the preferred technique in deceased donors, because of the large Carrel patch 
obtained from the aorta [ 30 ]. Due to similar postoperative results in both arterial 
anastomosis groups, the choice of anastomosis technique in cadaver grafts still 
depends on surgical circumstances such as arteriosclerosis involving internal or 
external iliac arteries, multiple renal arteries, kidney position, and surgical team 
preferences [ 31 ,  32 ]. All the surgical procedures were performed by unilateral 
extraperitoneal approach to the iliac vessels. Anastomosis was performed using 7-0 
Prolene running stitches in the end-to-side fashion (Fig.  19.3 ).  

 However, some authors described the possibility of the occurrence of erectile 
dysfunction and renal artery stenosis with end-to-end internal iliac artery anastomo-
sis [ 33 ,  34 ]. Arterial stenosis is a challenging issue, with a high incidence of com-
plications during arterial stenosis correction, either by surgery or by stent insertion 
using percutaneous methods, due to the angle of the arterial anastomosis point [ 28 ]. 
Arterial anastomosis to the external iliac artery could reduce the incidence of erec-
tile dysfunction, mainly in cases of a second transplant, in which the fi rst kidney 
graft had been anastomosed to the contralateral internal iliac artery [ 31 ,  32 ,  35 ].  
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19.1.4     Graft Ureteral Anastomosis with the Recipient’s Bladder 

 In 1954, Muray et al. [ 36 ] performed the fi rst successful renal transplant between 
identical twins using a Politano-Leadbetter (PL) intravesical technique to reimplant 
the transplanted ureter [ 37 ]. The PL technique [ 37 ] was subsequently used by most 
centers in North America owing to its high success rate in correcting vesicoureteral 
refl ux in children. One source of complications with the PL technique was the cys-
tostomy itself, with the risk of postoperative urine leakage. As a result, many cen-
ters began to use an anterior extravesical ureteral anastomosis. The extravesical 
ureteroneocystostomy was fi rst described by Witzel in 1896 [ 38 ] and was popular-
ized by Lich et al. [ 39 ]. Herein called the Lich-Gregoir, it is characterized by 
extravesicular access, the formation of an antirefl ux tunnel, and an urothelial anas-
tomosis. An incision is made in the bladder wall musculature at the dome for 2–3 cm 
to expose the mucosa of the bladder wall. The mucosa of the bladder is then con-
tinuously sutured to the ureteral end with absorbable sutures (5-0 polydioxanone). 
The detrusor muscle is then closed over the anastomosis to create a submucosal 
tunnel approximately 2–3 cm long using 4-0 nonabsorbable polypropylene suture. 
Several operative techniques for reimplantation of the transplant ureter into the 
bladder have been used successfully. The anterior, extravesical approach described 
by Lich and associates [ 39 ] has been widely used, as has the Politano-Leadbetter 
intravesical technique [ 37 ]. Modifi cations of these methods have been described 
[ 40 ]. Each of these methods has advantages but also drawbacks; the Lich-Gregoir 
(LG) technique saves time but is not particularly effective in preventing refl ux; the 
Politano-Leadbetter approach effectively prevents refl ux but requires more diffi cult 
exposure and a longer operating time. The LG technique signifi cantly lowers the 
risk of ureteral leakage when compared with the PL technique and signifi cantly 
lowers the risk of hematuria when compared with the PL technique in kidney 
transplantation. 

  Fig. 19.3    Graft renal artery anastomosis with recipient’s external iliac artery clamped superiorly 
and inferiorly and sectioned with an aortic punch       
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 There were no differences in the prevalence of ureteral strictures and vesicoure-
teral refl ux between the various techniques [ 41 ]. The higher risk of urinary leakage 
in the PL group might be the result of the second cystotomy, which creates a potential 
extra leakage site. It has also been hypothesized that the use of a shorter segment of 
the ureter in the LG technique decreases the risk of distal ureteral necrosis and there-
fore results in a lower risk of urine leakage at the ureterovesical junction [ 42 ,  43 ]. 
The higher rate of hematuria in the PL group might also be explained by the extra 
cystotomy, from which bleeding can arise. The Lich-Gregoir and Politano- Leadbetter 
approaches are used either with or without a temporary ureteral stent; however, ure-
teral stenting seems to have a signifi cant protective effect against the development of 
urological complications after renal transplantation, as described in a meta-analysis 
by Mangus et al. and a Cochrane review by Wilson et al. [ 44 ,  45 ] (Fig.  19.4 ).  

 However, whether ureteral stenting is preferably performed by routine or selec-
tive approach in the case of problematic anastomoses has still to be clarifi ed [ 46 –
 48 ]. Some studies have shown an increase in urinary tract infections (UTIs) with 
ureteral stenting [ 45 ,  49 – 51 ]. Wilson et al. describe a relative risk of 1.49 (95 % CI 
1.04–2.15) for UTIs with ureteral stenting, unless the patients were given prophy-
lactic antibiotics, in which case the prevalence was equal to the non-stented group 
(RR 0.97, 95 % CI 0.71–1.33) [ 45 ]. There were not enough data in the included 
studies to assess the effect of ureteral stenting on UTIs.   

19.2     Double Kidney Transplantation with “Suboptimal” 
Donors 

 The shortage of kidney donors is a rate-limiting step in renal transplantation pro-
grams in many transplant centers. To overcome the disparity between supply and 
demand of organs, various strategies such as the increased use of organs from 
extended criteria donors (ECD) have been proposed. Double kidney transplantation 

  Fig. 19.4    Donor kidney ureteral anastomosis with the recipient’s bladder: ureteral stenting with 
double J stent 6–12 French       
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(DKT) is another approach for expansion of the existing deceased donor pool. The 
number of functioning nephrons is the most important determinant of kidney func-
tion; therefore, the higher number of functioning nephrons supplied by dual marginal 
kidneys should slow down or even prevent progressive deterioration of graft function 
[ 52 ]. Transplantation of two marginal kidneys rather than one suboptimal kidney to 
one recipient would result in more functioning nephrons that ultimately may improve 
the patient and graft outcome [ 52 ]. The decision to perform DKT is based on gross 
characteristics of the kidneys and results of the renal biopsy. Small kidneys or those 
with extensive surface scarring or cystic lesions are discarded. In addition to the 
clinical evaluation of the donor, the selection criteria of deceased donor (DD) kid-
neys are based on a macroscopic and histological assessment. Marginal DD kidneys 
are classifi ed as low or high risk, based on the donor’s age, renal function, and 
comorbidities; in particular, high-risk marginal kidneys are considered those from 
donors aged >70 years or 60–69 years with at least two of the following conditions: 
serum creatinine >1.5 mg/dL, calculated creatinine clearance <60 ml/min, history of 
hypertension or diabetes, proteinuria >1 g/day, and cause of death is cerebrovascular. 
High-risk donors are subjected to a renal biopsy, and, based on the Karpinski [ 53 ] 
and Remuzzi [ 52 ] histological scores, the kidneys are allocated for single kidney 
transplantation (SKT) or DKT. Using a histological scoring system (4–18), a score 
between 0 and 12 is attributed to the kidneys, depending on the percentage of glo-
merulosclerosis, tubular atrophy, interstitial fi brosis, and arterial and arteriolar nar-
rowing. Kidneys scoring 0–3 are used for SKT, those scoring 4–6 are used for DKT, 
and those scoring >6 are considered inadequate for transplantation. Recipients are 
required to sign an informed consent form for DKT before placement on the waiting 
list. Potential recipients of DKT (mainly older than 60 years) are also placed on an 
additional, but separate, DKT waiting list, which facilitates the allocation of ECD 
kidneys in an “old-for-old” fashion, i.e., kidneys from older donors are allocated to 
older recipients. Patients are considered suitable for DKT listing when they satisfy 
the standard criteria for eligibility for kidney transplantation, but are excluded if 
highly sensitized (PRA >50 %) or if undergoing retransplantation, because allocation 
of DKT is not based on HLA-matching. In addition, patients affected by polycystic 
kidney disease are excluded unless they have been nephrectomized or clearly have 
enough space in the iliac fossa for the implantation of two kidneys. DKT is consid-
ered contraindicated in the presence of severe bilateral atherosclerosis of the iliac 
vessels. The fi rst DKT from an adult deceased donor was reported in 1996 by Johnson 
et al. [ 54 ]. The classic surgical technique for DKT included bilateral placement of the 
two kidneys extraperitoneally through two separate Gibson incisions or intraperito-
neally through a midline incision. Unilateral DKT was fi rst reported by Masson et al. 
in 1998 [ 55 ]. There are various surgical techniques for unilateral DKT [ 56 – 58 ]. 
Ekser et al. proposed sequential DKT: one kidney with its vessels anastomosed end-
to-side to recipient vessels (external iliac artery and vein) and then another kidney 
with its vessels anastomosed to the external iliac artery and vein distal to the site of 
the fi rst anastomosis [ 59 ]. After creating an adequate extraperitoneal space, the right 
donor kidney is preferably placed superiorly because its renal vein can be lengthened 
by a segment of inferior vena cava. Another reason to position the right kidney 
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superolaterally in the right fl ank is because the right kidney has a longer artery. If 
necessary, the internal iliac (hypogastric) vein is dissected to mobilize the external 
iliac vein and thus facilitate renal vein anastomoses to the external iliac vein of the 
recipient. After revascularization of the right kidney, vascular clamps are placed 
immediately below the venous and arterial anastomoses. The left donor kidney is 
transplanted distally, allowing the transplanted right kidney to continue to be per-
fused. Extravesical ureteroneocystostomies are performed separately, according to 
the Lich-Gregoir technique, with a double J stent for each ureter, leaving the ureter 
of the upper transplanted kidney lateral to the lower one. Veroux et al. proposed 
another technique for DKT. They joined the arteries and veins of the two kidneys at 
bench surgery. The newly joined artery and vein of the two kidneys were then anas-
tomosed end-to-side to the common iliac artery and external iliac vein, respectively 
[ 60 ]. Although unilateral DKT is a complex surgical procedure, it can reduce the 
cold ischemia time and the operating time, leaving the contralateral side intact for 
further transplant. On the other hand, kidneys with multiple arteries and veins can be 
transplanted like a single kidney.     
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20.1            Introduction 

 Each year about 160–170 individuals per million habitants need dialysis treatment 
due to the loss of the renal function. Renal transplant is, in this context, the treat-
ment of choice for most patients affected by renal insuffi ciency. 

 Kidney transplant is thus an effective treatment for renal disease that generally 
allows for a quantity and quality of life that is signifi cantly superior to that offered 
by dialysis [ 1 ,  4 ]. 

 Kidney transplant is a successfull treatment for patients with chronic renal  failure 
and around 80 % of the kidneys are perfectly functioning, for the continuous 
improvement of the immunosuppressive therapies, thus involving ever larger bands 
of the population [ 2 – 4 ]. 

 In this perspective there is also an increase in the age of the transplantees that today 
is close to 55 years [ 5 ]. These conditions associated to an improved survival with 
dialysis support have determined an increase in the number of patients on the waiting 
list who, in the kidney transplant, takes on signifi cant proportions, so that it has been 
necessary to try to increase the supply in order to deal with the growing demand. 

 For this end, different strategic lines have been becoming popular, which we 
shall just list here:

•    Improvments in ex vivo kidney perfusion and in surgical technique, especially 
with the development of the double kidney transplant, have permitted the use of 
kidneys once discarded due to their biopsy score.  
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•   There are also pathways dedicated to promoting the donation of a kidney from a 
living donor, as there are programmes relating to organ donation from donors 
whose hearts have stopped beating.    

 For these topics we should refer to the chapter relating to organ donation.  

20.2     Candidate Selection 

 Preoperative multispecialist assessment takes on primary importance in determin-
ing the best clinical approach vis-à-vis the patients to be submitted to this particular 
procedure. The anaesthesiological examination [ 9 ], increasingly addressed to rec-
ognising and managing the risk factors instead of the exclusion of the critical 
patients, represents a focal point for the realisation of the therapeutic programme 
and is functional to obtaining all the information that allow us to correctly position 
the patient to be submitted to any important surgery, especially in the transplant 
fi eld [ 9 ,  10 ]; thus, the anaesthesiological/intensive management in these cases 
requires a precise preoperative assessment:

•    Clinical impact and pharmacological interrelations with the chronic home thera-
pies [ 11 ]  

•   Good knowledge and control of the signifi cant variations in the turnover of liq-
uids, electrolytes and volaemia of the underlying kidney disease  

•   Optimisation of any comorbidities to minimise the risks of morbidity and mortal-
ity during the perioperative period [ 7 ,  9 ,  12 ]    

 The main comorbidities to be taken into consideration are those relating to the 
haemodynamic situation that, as regards the pressure profi le, may present two dis-
tinct pictures:

•    A situation relating to hard-to-control hypertension, often treated with pharma-
cological combinations  

•   A tendency to hypotension that in some cases can make tolerance to haemodialy-
sis diffi cult    

 It is worth remembering that coronary disease is the main cause of death in the 
kidney transplant patient. 

 In this light a cardiological assessment of the candidates is required; a Cochrane 
meta-analysis indicates a good reliability to the echo-cardiovascular stress test with 
dobutamine [ 13 ] even if it underlines that no test can provide the certain exclusion 
of cardiovascular events [ 14 ]. 

 To add to the preoperative evaluation relating to the cardiorespiratory study, we 
should investigate some specifi c characteristics that concern kidney transplant and 
that may be less well known. 
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 Starting from the trophic status, a basal condition correlated to obesity seems to 
be non-infl uential in that it does not signifi cantly modify the survival of the patient 
and of the graft; not only that, but an abundant muscular endowment correlated with 
high levels of creatinaemia seems to favourably affect the posttransplant prognosis 
[ 15 ]. On the opposite side, low levels of albuminaemia and a lack of nutritional 
intake are related to cardiovascular complications, graft failure and delayed graft 
function also increases in these patients [ 16 ]. As regards the pre-transplant haemo-
dialysis treatment, they do not seem to signifi cantly affect the general outcome: in 
particular the blood purifi cation modality between continuous haemofi ltration and 
intermittent dialysis does not seem to be infl uential [ 17 ]. There is some evidence on 
a lowering in the mortality levels in patients on peritoneal dialysis treatment without 
differences in the functional recovery of the graft and its duration [ 18 ]. Another 
observation concerns the time spent on haemodialysis before the transplant; even in 
this case there is no signifi cant difference related to this factor [ 19 ]. On the contrary, 
the presence of high levels of phosphataemia seems to be signifi cantly related to 
worse outcome; the optimisation of the control of the phosphates in dialysis patients 
can signifi cantly improve prognosis [ 20 ]. As regards the kidney transplant in dia-
betic patients, a good pre-transplant glycaemic control seems fundamental for 
patient’s survival, whereas it does not seem that even a poor control affects the 
short-term functionality [ 21 ]. Another aspect concerns the response of the haemo-
dialysis patient awaiting transplant submitted to therapy with erythropoietin: it has 
been demonstrated that the failed or poor response to treatment is signifi cantly cor-
related to a worse prognosis [ 22 ]. 

 None of these additional factors can hamper the execution of the transplant; how-
ever, their impact on the results cannot be ignored. 

20.2.1     Anaesthesiological Procedures 

 As can be easily imagined, there is currently no recognised anaesthesiological pro-
tocol available worldwide to determine a clear preference for one technique or the 
other; indeed, all the various anaesthetic techniques have been tested without detect-
ing a preferential treatment [ 23 ,  24 ]. 

 The choice of technique to be used is in any case subjective, but there are effec-
tive interventions that can improve the results. The fi rst point that should be under-
lined is that relating to the pharmacological choice. There are no particular strategies 
that have demonstrated a superiority in the management of narcosis. In particular, 
there is no adverse evidence vis-à-vis the use of volatile anaesthetics. Numerous 
studies have shown the use of sevofl urane without adverse side effects, believed to 
be potentially nephrotoxic in experimental animal studies. That effect has never 
been observed in man [ 25 ]. 

 The anaesthesiological procedure provides for the use of a series of drugs such 
as hypnotics, opioids, myorelaxants, halogenated vapours and local anaesthetics; 
hereunder we shall analyse some drugs used of these families; we shall also evaluate 
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the appropriateness of the use of vasopressors in haemodynamic support for patients 
submitted to kidney transplant from cadaver. 

20.2.1.1     Hypnotics 
 The half-life of these drugs and their metabolites are increased in the presence of 
renal dysfunction [ 26 ,  27 ].  

20.2.1.2     Opioid Analgesics 
 A build-up of morphine-6-glycuronide has been shown in patients with ESKD, so 
caution is required in the use of morphine, while  fentanyl and its derivates  (sufent-
anil, remifentanil, etc.) seem to be the safest drugs to be used during the surgical 
operation for kidney transplant [ 26 ,  27 ].  

20.2.1.3     FANS 
 The inhibition of prostaglandin synthesis (for cyclooxygenase inhibition) by this 
pharmacological class, under some conditions, can cause a vasoconstriction of the 
kidney’s arterioles determining an alteration in renal function. 

 Gastrointestinal disorders, alteration of platelet function and allergic reactions 
are not infrequent complications.  

20.2.1.4    Myorelaxants 
     Vecuronium : 20 % to 30 % is eliminated with the urine; so a risk of accumulation is 

possible at subsequent doses.  
   Atracurium and derivates : these are recommended in that they are degraded via the 

Hofmann reaction (esterase hydrolysis independent of renal function), although 
eliminated by the renal pathway states of prolonged muscular relaxation have not 
been evidenced [ 28 ].  

   Rocuronium : the data collected suggest that in patients affected by ESKD, the extra-
renal clearance of rocuronium allows for a scarce accumulation; indeed the 
unmodifi ed elimination through the bile is around 80 % [ 29 ].     

20.2.1.5    Halogenates 
 All of them undergo a biotransformation; however, chronic renal insuffi ciency does 
not modify their action, as their effect on the CNS depends on pulmonary elimina-
tion [ 25 ,  30 ].   

20.2.2     Local Anaesthetics 

20.2.2.1    Aminoamides 
 Lidocaine, mepivacaine, bupivacaine, levobupivacaine, and ropivacaine 

 The amide anaesthetics are degraded less rapidly and are catabolised almost 
exclusively by hepatic microsomes, increasing stability and duration [ 32 ,  33 ].  
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20.2.2.2    Vasopressors 
     Dopamine : there is a large amount of literature that shows harmful effects for renal 

function [ 34 ,  35 ]. Hence, the use of dopamine, to support graft perfusion during 
the renal transplant, cannot be recommended.  

   Dobutamine : positive inotrope of choice in patients with low cardiac ejection frac-
tion, to be used with advanced monitoring.  

   Terlipressin : there are no described experiences, if not for its use in maintaining 
satisfactory tissue perfusion values in donors who are often nonresponders to 
classical catecholamines [ 36 ]; in fact the increase in mean arterial pressure 
could lead to an increase in the renal perfusion with a reduction in the sympa-
thetic nervous system activity and that of the rennin-angiotensin-aldosterone 
system. 

 The reduction of this vasoconstriction activity induces a reduction in the renal vas-
cular resistances determining the increase of the renal plasma fl ow and thus of 
the glomerular fi ltrate.  

   Adrenaline / noradrenalin : On the grounds of the current data, owing to the poten-
tial damage induced by the relative renal vasoconstriction, there are no defi -
nite recommendations regarding the use of these drugs; nevertheless, their use 
seems reasonable in order to avoid hypotensive episodes, in particular after 
reperfusion.    

 Following these considerations, the most appropriate anaesthesiological conduct 
seems to be:

•     Induction 
 –    Propophol 1.5–2 mg/kg  
 –   Fentanyl 0.7–1.5 γ/kg or its derivates (remifentanil, sufentanil at equivalent 

dosages)  
 –   Atracurium 0.5 mg/kg  
 –   Halogenates of the latest generation vaporised with a mix of air and oxygen. 

Administration of immunological therapy laid down by a nephrological 
colleague  

 –   Antibiotic prophylaxis for 24 h (ampicillin/sulbactam 3 g × 2/day)     
•    Maintenance 

 –    Fentanyl drip 50–100 γ/h or its derivates at equivalent dosage  
 –   Halogenated vapours with a mix of air and oxygen and maintenance MAC  
 –   Atracurium supplementary doses of 0.1–0.2 mg/kg (TOF)       

 In actual fact, the intraoperative pharmacological management of general anaes-
thesia does not seem to be the key problem; there are no drugs relating to narcosis 
whose use signifi cantly increases risk in the intra- and postoperative phase. What 
appear to be the major concerns involve the management of the hydro-electrolyte 
balance, the haemodynamic control and the correction of acidosis typical of the 
patient affected by chronic renal insuffi ciency. 
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 A precondition that warrants careful evaluation and that involves the manage-
ment of the intraoperative anaesthesiological therapeutic programme is that relating 
to the pre-transplant dialysis session. 

 It is certainly an error to perform an over-subtractive dialysis with the result of 
taking a hypovolaemic patient to operation; this should be appropriately reinte-
grated in the intraoperative phase to foster the graft perfusion and to stimulate the 
recovery of diuresis. 

 At the same time preoperative dialysis is essential to correct possible and rela-
tively common pictures of hypervolaemia and hyperpotassaemia observable in 
patients affected by ESKD. 

 If we exclude the transplants from live donor that can benefi t from an accurate 
preoperative preparation, the time that elapses between the availability of an organ 
from cadaver donor and its attribution to the opportune recipient is too short to allow 
for an accurate study of the overall situation. 

 For this purpose it is fundamental to have an accurate intraoperative monitoring 
that provides for:

•    PAM personalised values for a good peripheral tissue perfusion  
•   HR possible alterations of the rhythm due to electrolytic disorders [ 37 ]  
•   PVC maintain values from 8 to 10 mmHg [ 9 ]  
•   EGA control of Hb and acid-base balance  
•   SNG also useful for the kalaemic control (resins of polystyrene sulphonate)  
•   TOF (train-of-four) for the qualitative neuromuscular monitoring  
•   Bladder catheter  
•   Probe for the control of central temperature    

 For many years there has been an international debate on the fact that central venous 
pressure can be the most adequate instrument for evaluating the refi lling status; how-
ever, for this purpose it is being used by most centres that deal with kidney transplant. 

 Another problem is to obtain an invasive arterial monitoring that is not always 
possible when the patient has been submitted to different accesses for arteriovenous 
fi stulae. If the access has been limited to one limb, then the contralateral radial 
artery can be incannulated. 

 The arm bearing the arterial-venous fi stula must be carefully protected. 
 Integration with other haemodynamic data allows for reliable information; even 

if following a further technological evolution, the use of a transoesophageal ultra-
sound could provide more accurate information. 

 Key Intraoperative Points 
    Gastroprotection.  
  Hydration (crystalloids from 7.5 to 15 ml/kg/h) [ 35 ,  38 ].  
  For possible volaemic replacement (blood/plasma), the use of colloids is more 

debateable: albumin seems to have a favourable impact on the outcome 
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  At the end of the surgical operation, the patient will be admitted to postopera-
tive intensive therapy where, apart from a reawakening assisted by general anaes-
thesia, the best therapeutic continuity will be assured to safeguard the 
hydro-electrolytic and volemic homeostasis by means of the continuous monitor-
ing of the clinical, biohumoral, immunological and infl ammatory parameters that 
allow us to set up the most adequate therapy to foster the graft’s perfusion and 
functional recovery.   

20.2.3     Postoperative Intensive Therapy 

 Patients who required after transplant more than 36 hours in the ICU, have a far 
worse clionical outcome if compared to other patients [ 45 ]. 

 There are many aspects concerning the postoperative management of the patients 
with renal transplant, but the ones reported are the strengths to be optimised for 
graft perfusion [ 31 ]:

•    Nephrotoxic substances must be avoided.  
•   It is necessary to optimise the hydro-electrolyte therapy.  
•   Very careful volemic recovery.  
•   Good analgesia; patient pain with compromised renal function can be an impor-

tant problem that requires cautious therapy.  
•   Control and stabilisation of the immunosuppressive therapy.    

 Hence, the therapeutic support ought to deal with:

•    Rapid respiratory weaning  
•   Echo Doppler control of the graft vascularisation  
•   Pressure control with special attention to hypotension episodes    

 A certain number of patients present a hard-to-control hypertension that, present 
in the preoperative analysis, maintains its characteristics even after the transplant 
and requires an intensive treatment:

even if this fact is not universally shared [ 39 ]; among the plasma expanders 
the gelatines appear to be preferable [ 40 ].  

  Hyperglycaemia correction [ 21 ].  
  Maintenance of the acid-base balance [ 41 ].  
  Administration of methylprednisolone before graft reperfusion.  
  Diuretic (mannitol 0.5–1 g/K in 15/20′ before reperfusion) [ 42 – 44 ].  
  Infi ltration of the surgical wound with local anaesthetic [ 42 ,  43 ].    
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   Electrolyte control (laboratory/blood gas analyser in the ward)  
  Attention to the various schemes of immunosuppressive therapy  
  Analgesia in drip with fentanyl 0.8 – 1 γ/kg/h or its derivates for ~3 h [ 9 ,  46 ]  
  Analgesia induction with tramadol (300 max 400 mg/day)    

 The diuresis behaviour in the postoperative phase can be extremely varied: an 
important polyuria can appear with a scarce purifi cation effect that must be followed 
with a careful reintegration of the fl uid losses; vice versa there can be a persistent 
anuria at times masked in patients who presented perioperative residual diuresis. 

 In any case it is necessary to be alerted in the eventuality of an initial graft 
dysfunction:

   Diuretic (furosemide in drip 250/500 mg/day) [ 42 – 44 ,  47 ]  
  Possible hydro-electrolytic and volemic replacement [ 25 ,  31 ,  45 ,  48 ]  
  Transfer from POIC (postoperative intensive care) to the ward within 24 h [ 45 ]    

 The main critical points in the postoperative management of the kidney trans-
plantee, in order of importance, seem to be:

   Delayed graft function that seems to be related to graft failure and mortality [ 49 , 
 50 ]. The aetiology of this manifestation is complex and ranges from the organ’s 
quality, the ischaemia times and the hydro-electrolytic and haemodynamic intra-
operative management.  

  The immunosuppressive situation can also be responsible [ 51 ].  
  Postoperative hypertension control can determine a worse prognosis for the trans-

planted kidney and for the general outcome. The best therapeutic strategy seems 
to be treatment with ACE inhibitors that result to be more effective in haemody-
namic stabilisation [ 51 ,  52 ].  

  Hyperglycaemia, even a new onset posttransplant. For a few patients, strict control 
seems to be fundamental for graft survival [ 21 ,  53 ,  54 ], while for others control 
can tolerate higher glycaemia levels with no problems.         
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21.1            Donor Biopsy 

 The Expanded Criteria Donor (ECD) recommends histological evaluation of the 
kidney not only for donors over 60 but also for donors over 50 with comorbidities 
(fi rstly hypertension) even in the setting of normal serum creatinine [ 1 ]. The his-
tological parameters to be evaluated include glomerular, vascular, tubular and 
interstitial injury. However, no studies have provided an absolute threshold 
beyond which a donor kidney must not be used, and there is no consensus on the 
value of biopsies for predicting graft function. Histological evaluation of the 
donor biopsy can be performed at harvesting by on call pathological examination 
or by means of implantation biopsies. Tissue sample analysis of implantation 
biopsies includes the immunohistochemistry (IHC) evaluation of C4d to identify 
pre-sensitized patients and immunofl uorescence to highlight misdiagnosed glo-
merular diseases. The biopsies can be obtained through a wedge resection or 
needle core biopsy: superfi cial sampling in wedge resections can overestimate 
the glomerular sclerosis and fi brosis because the outer cortex is more sensitive to 
ischaemic damage (Fig.  21.1 ). Adequate sampling must contain at least 25 glom-
eruli and 2 arteries.  

 The pathological report of the donor biopsy includes:
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a

b

c

  Fig. 21.1    A panoramic view 
of the donor biopsy stained 
with H&E ( a ), PAS ( b ) and 
trichrome stain ( c ) showing 
the ischaemic subcapsular 
area with infl ammatory 
infi ltrate, moderate fi brosis 
and obsolescent and sclerotic 
glomeruli. The punch biopsy 
can sometimes overestimate 
the real state of the kidney if 
the biopsy falls in such areas. 
Magnifi cation 2×       

 

D. Malvi et al.



307

•     Glomerular disease  
 –     The percentage of sclerotic glomeruli. Glomerulosclerosis alone is not an 

independent predictor of graft function [ 2 ] even though glomerulosclerosis 
>10 % correlates with a major rate of delayed graft function (DGF), primary 
nonfunction and graft loss [ 3 ]. The degree of glomerulosclerosis can be a 
predictor of serum creatinine value at 12 months [ 4 ].  

 –   Any thrombotic microangiopathies (TMA) (Fig.  21.2 ). Glomerular fi brinoid 
thrombi can be dissolved by the graft recipient’s fi brinolytic system without 
any anticoagulant therapy. In one series, some recipients experienced a pri-
mary nonfunction, while others had an initial DGF without any impairment of 
graft function at 2 years [ 2 ,  5 ,  6 ].  

 –   Any glomerular disease, i.e. lupus nephritis or diabetic glomerulonephropa-
thies (Fig.  21.3 ). These features do not enter into the Karpinski score. Some 
studies suggest that diabetic kidneys can be used safely and that early diabetic 
lesions can regress with transplantation. However, no guidelines are currently 
available on the use of diabetic kidneys [ 7 – 9 ].       

•    Vascular disease  
 –     Fibro-intimal thickening of arteries and arteriolar hyalinosis. Moderate ath-

erosclerosis (>25 % luminal narrowing) correlates to DGF, graft loss and 
higher creatinine serum levels [ 10 – 12 ].  

 –   Cholesterol emboli in the vascular tree may be correlated to DGF and impaired 
long-term renal function [ 13 ].     

•    Tubulointerstitial disease  
 –     The percentage of tubular atrophies and interstitial fi brosis (these parameters 

are usually comparable) yields a score based on the entity of damage [ 12 ,  14 ].  
 –   The presence and amount of acute tubular necrosis which can be associated 

with DGF.       

  Fig. 21.2    At high 
magnifi cation (PAS, 40×) 
the capillary lumen of the 
glomerulus is fi lled with a 
pale amorphous material 
extending into the vascular 
pole, occluding the lumen       
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 At our centre all these parameters are evaluated according to the Karpinski score 
system [ 12 ].
  Glomerular score  

 Score 0  No globally sclerotic glomeruli 

 Score1  <20 % globally sclerotic glomeruli 

 Score 2  20–50 % globally sclerotic glomeruli 

 Score 3  >50 % globally sclerotic glomeruli 

  Tubular score  

 Score 0  Absent 

 Score 1  <20 % of tubules affected 

 Score 2  20–50 % of tubules affected 

 Score 3  >50 % of tubules affected 

  Interstitial score  

 Score 0  No evidence of fi brosis 

 Score 1  <20 % of cortical parenchyma replaced by fi brotic tissue 

a

b

  Fig. 21.3    The pictures ( a ,  b ) 
highlight the mesangial 
expansion with a nodular 
appearance. This feature does 
not enter into the Karpinski 
score. The biopsy in other 
fi elds showed just a mild 
interstitial and arterial intimal 
fi brosis without remarkable 
tubular atrophy. 
Magnifi cation 40×, PAS       
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 Score 2  20–50 % of cortical parenchyma replaced by fi brotic tissue 

 Score 3  >50 % of cortical parenchyma replaced by fi brotic tissue 

  Vascular score  (arterial fi brosis and arteriolar hyalinosis are evaluated, but the most severe 
lesion determines the fi nal score) 

 Score 0  Absent 

 Score 1  Increase in wall thickness that is less than the diameter of the lumen 

 Score 2  Increase in wall thickness that is equal to the diameter of the lumen 

 Score 3  Increase in wall thickness that exceeds the diameter of the lumen 

21.1.1       Other Predictive Factors 

•      Prediction of ischaemic injury effects  
 –     Neutrophils in glomerular capillaries  
 –   Endothelial loss of capillaries (correlated to a transiently impaired function)  
 –   Tubular degeneration: necrosis or apoptosis of tubular cells, regenerative fea-

tures with enlargement of tubular cell nuclei and simplifi cation and loss of the 
brush borders of distal tubular cells  

 –   Tubular CAST (precipitation of proteinaceous amorphous/detritic material in 
renal tubules)  

 –   Microvascular thrombi in capillaries and small arteries without granulocytes     
•    Prediction of acute rejection  

 –     Neutrophils, macrophages and platelets in capillaries (glomerular and 
peritubular).  

 –   C4d deposition in peritubular capillaries may be predictive of acute antibody- 
mediated rejection (AMR).     

•    Prediction of DGF  
 –     Thrombotic angiopathy in glomerular capillaries         

21.2     Surgical Complications 

21.2.1     Ureteral Obstruction/Leak/Reflux 

 The presentation is with oliguria, haematuria and elevated creatinine. At histology 
only non-specifi c alterations can be seen: interstitial infl ammation, oedema and 
tubular injury.  

21.2.2     Lymphocele 

 Lymphocele consists in a collection of lymphatic fl uid in the perinephric space. At 
histological examination the renal biopsy shows changes related to obstruction, 
with interstitial oedema, dilatation of the collecting ducts and mild infl ammation.  
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21.2.3     Arterial/Venous Thrombosis 

 The clinical presentation is of macrohaematuria and acute renal failure. At histol-
ogy, microthrombi and loss of the endothelium can be seen together with haemor-
rhage of the cortex and mild neutrophils in capillaries. The most important 
differential diagnosis is with acute cellular rejection (ACR) and hyperacute or 
AMR. Imaging fi ndings (US and angiography) and immunohistochemistry for C4d 
lead to the correct diagnosis.  

21.2.4     Arterial Stenosis 

 The clinical presentation is of DGF, hypertension and renal dysfunction. The histo-
logical picture may disclose cholesterol emboli (if the stenosis is due to an athero-
matous plaque). Non-specifi c tubular atrophy with fi brosis or acute tubular injury (if 
the stenosis is intermittent) is evident.   

21.3     Rejection 

21.3.1     Hyperacute Rejection 

 Nowadays the incidence of  hyperacute rejection  is very low due to improved pre- 
transplant testing for antibody against donor major antigens. The presentation is 
very rapid: from a few minutes (at the time of graft reperfusion) to a few days after 
transplantation, depending on the recipient’s titres of specifi c antibody against the 
donor antigens. Anuria, primary graft nonfunction, fever, lack of perfusion by imag-
ing studies, thrombocytopenia and increased circulating fi brin split characterize the 
clinical onset. At gross examination the graft is cyanotic, fl accid, haemorrhagic and 
oedematous with necrotic areas. Thrombosis of the renal artery can be found. 

21.3.1.1     Histological Examination 
 Early features (1–12 h):

    1.    Platelet and neutrophil margination in glomerular and peritubular capillaries   
   2.    Vascular congestion with scattered thrombi in glomerular capillaries and small 

arteries     

 Late features (12–24 h) include:

    1.    Interstitial oedema and haemorrhage   
   2.    Widespread thrombotic microangiopathy   
   3.    Fibrinoid arterial necrosis   
   4.    Parenchymal necrosis      
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21.3.1.2     Ancillary Techniques 
     1.    C4d peritubular capillaries and glomerular IHC staining.   
   2.    Negative staining does not exclude a hyperacute rejection since C4d-negative 

cases are possible (related to decreased perfusion or to insuffi cient time to pro-
duce the C4d molecule, a product of the activation of the classical complement 
pathway).      

21.3.1.3     Differential Diagnoses 
     1.    Renal artery or vein thrombosis due to technical problems or hypercoagulable 

state (in these cases the thrombi are limited to the large vessels, and C4d staining 
is negative).   

   2.    Perfusion nephropathy with loss of the endothelium. In this case congestion and 
thrombotic microangiopathy can be found without C4d staining.   

   3.    Donor thrombotic microangiopathy.       

21.3.2     Acute Humoral Rejection or Acute Antibody-Mediated 
Rejection 

 About 5–7 % of transplanted patients experienced an episode of antibody-mediated 
rejection (AMR) and a component of humoral rejection can be found in at least 
about 24 % of acute rejection cases. Presentation occurs from a few days to the fi rst 
weeks after transplant, with anuria and acute renal failure. Circulating anti-donor-
specifi c antibodies can be detected in about 90 % of recipients. At gross examina-
tion the graft is swollen, haemorrhagic and oedematous. 

21.3.2.1     Histological Examination 
•     Glomeruli

 –    Glomerulitis with neutrophils and mononucleated cells (complete or partial 
occlusion of at least one glomerular capillary with or without endothelial cell 
swelling, according to Banff 2013) [ 15 ,  16 ]  

 –   Occasional microthrombi in capillaries     
•   Tubules

 –    Acute tubular injury represented by a simplifi cation of tubular cells with loss 
of the brush border, ischaemic necrosis with loss of nuclei, thinning of the 
tubular cell cytoplasm and naked basal membranes  

 –   Tubulitis with neutrophil infi ltrate     
•   Peritubular capillaries: dilatation and congestion of capillaries fi lled with neutro-

phils and occasional microthrombi  
•   Interstitium: oedema, occasionally haemorrhagic areas, infl ammatory infi ltrate 

predominantly with neutrophils  
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•   Vessels
 –    Necrosis of the media with fragmentation of the  lamina elastica  and fi brinoid 

necrosis  
 –   Infl ammatory cells within the vessel wall  
 –   Activation of capillary and artery endothelial cells showing plump cytoplasm 

and nuclear enlargement        

21.3.2.2     Ancillary Techniques 
•     IHC positivity for C4d along the peritubular and glomerular capillaries 

(Fig.  21.4 ). Early biopsies may not disclose C4d deposition, but this does not 
rule out a diagnosis of AMR since this may become positive in repeated biopsies 
taken after 1–3 days. Conversely, some studies have demonstrated that positive 
immunostaining for C4d in protocol biopsies appears before the clinical mani-
festation of an AMR episode [ 17 ].   

a

b

  Fig. 21.4    Immunohisto-
chemical stain for C4d shows 
a diffuse and continuous 
linear positivity in glomerular   
( a ) and along peritubular 
capillaries ( b ). Magnifi cation 
20×       
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•   IHC staining for CD68 does not improve the sensitivity of identifying glomeru-
litis when the Banff 2013 defi nition is applied.  

•   Wide and diffuse immunopositivity for C4d at immunofl uorescence (IF), which 
is more sensitive than IHC.     

21.3.2.3     Diagnostic Criteria (Banff Classification) 
 The defi nition of AMR has now been revised [ 15 ]: histological evidence of acute 
tissue injury (glomerulitis and/or peritubular capillary infi ltration and/or acute 
thrombotic microangiopathy and/or tubular necrosis) (Fig.  21.5 ) must be present 
together with evidence of a recent endothelial/antibody reaction (positivity for C4d 
IHC and/or microvascular infl ammation highlighted by glomerulitis or peritubular 
capillaritis) and serological evidence of anti-donor-specifi c antibodies.  

 The histological pattern can be graded from grade 1 with acute tubular damage 
and minimal infl ammatory infi ltrate to grade 2 with peritubular capillaritis or glo-
merulitis with occasional microthrombi or grade 3 with fi brinoid arterial necrosis. 
The presence of only one or two of these criteria leads the pathologist to a diagnosis 
of “suspect” AMR (Fig.  21.6 ).  

 Biopsies with a C4d-positive immunostaining without any infl ammation can be 
considered a kind of “accommodation”.  

21.3.2.4     Differential Diagnoses 
•     Acute cellular rejection: generally the infi ltrate is composed predominantly of T 

lymphocytes. Fibrinoid necrosis of renal small arteries, glomerulitis, microvas-
cular thrombosis and areas of infarction are less prominent [ 18 ].  

•   Chronic humoral rejection: the clinical setting shows a slow decline.  
•   Accommodation: C4d deposition in the absence of an infl ammatory reaction.  
•   Acute tubular injury/acute tubular necrosis: simplifi cation of the renal tubules 

with loss of nuclei, thinning of tubular cell cytoplasm and naked basal mem-
branes in the absence of an infl ammatory reaction. C4d is negative.  

•   Acute pyelonephritis: dirty casts in the tubules (composed of neutrophils and 
necrotic material) with a diffuse infi ltrate of neutrophils in the parenchyma. A 
positive urine culture and C4d negativity favour the diagnosis.  

•   Thrombotic microangiopathies: due to drug toxicity or recurrent disease. There 
is no C4d immunoreactivity.      

21.3.3     Acute Cellular Rejection or T-Cell-Mediated Rejection 

 Acute cellular rejection (ACR) involves 5–10 % of kidney recipients in the fi rst year 
posttransplant, generally in the fi rst few weeks. The frequency tends to decline after 
the fi rst 6 months, but ACR can arise at any time in the recipient. In acute renal failure 
increased serum creatinine concentration, decline in urine output and oliguria, weight 
gain, fever and malaise defi ne the clinical picture. Circulating anti-donor-specifi c 
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  Fig. 21.5    In AMR there is 
a diffuse interstitial oedema 
highlighted by the  pale light 
green  trichrome stain ( a  
magnifi cation 4×), tubulitis 
with neutrophil infi ltrate ( b  
PAS, magnifi cation 20×), 
activation of the endothelial 
cells ( arrow ,  c  H&E, 
magnifi cation 40×) and 
acute tubular necrosis ( d  
H&E, magnifi cation 40×)         

a

c

b
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a

b

  Fig. 21.6    This is a biopsy 
5 days after kidney 
transplantation in a patient 
with oliguria. The 
histological pictures ( a  PAS, 
magnifi cation 40×) 
demonstrated only an acute 
tubular necrosis of the 
parenchyma with a mild 
peritubular capillaritis 
without any interstitial 
infl ammatory infi ltrate or 
tubulitis. The main 
differential diagnosis is with 
a tubular cell necrosis with a 
delayed graft function. The 
C4d stain ( b  magnifi cation 
40×) reveals a diffuse 
deposition of the molecule 
along the peritubular 
capillaries: the patient was 
given a steroid bolus before 
the biopsy because of the 
clinical suspicion of AMR       

d
Fig. 21.5 (continued)
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antibodies can be detected in about 90 % of recipients. At US the graft becomes 
enlarged, oedematous and tender. At gross examination the graft is swollen, pale, 
haemorrhagic with congestion of the medulla, and oedematous. Foci of infarction 
may be evident on the cortex. 

21.3.3.1     Histological Examination 
•     Glomeruli

 –    Only occasional mild infl ammatory infi ltrate of mononuclear cells (generally 
in only 10 % of cases) in glomeruli with mild reactive swelling in endothelial 
cells (Fig.  21.7a ).  

 –   In <5 % of cases a severe mononuclear cell glomerular infi ltrate ( acute allograft 
glomerulopathy ) can be found, giving the appearance of endocapillary hyper-
cellularity. Endothelial injury with areas of mesangiolysis is associated. This 
picture is often seen in the setting of moderate ACR with endoarteritis, but it 
can also represent the only histological feature of rejection.      

a

b

  Fig. 21.7    The picture on the 
 left  ( a  PAS, magnifi cation 
40×) shows a mild 
infl ammatory infi ltrate of 
mononuclear cells in the 
glomerulus, while the picture 
on the  right  ( b  PAS, 
magnifi cation 40×) shows 
marked tubulitis: note the 
lymphocytes between 
the tubular epithelium 
and the basement membrane 
and the moderate interstitial 
oedema       
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•   Tubules
 –    Tubulitis with T-cell lymphocytes (CD8+) (Fig.  21.7b )  
 –   Tubular cell injury, occasionally with a granulomatous reaction     

•   Interstitium
 –    Oedema, occasionally with haemorrhagic areas.  
 –   Chronic infl ammatory infi ltrate (involving at least 25 % of the cortex) with a 

predominance of T-cell lymphocytes and macrophages (Fig.  21.8 ). 
Macrophages/monocytes can be the major cell type, notably in the setting of 
T-cell- depleting drugs (such as CAMPATH 1).  

 –   A plasma cell-rich subset and a CD20+ B-cell-rich subset AR have a worse 
prognosis.      

•   Peritubular capillaries: dilatation and mononuclear cell infi ltrate  

a

b

  Fig. 21.8    The picture on the 
 left  ( a  PAS, magnifi cation 
20×) shows a chronic 
infl ammatory infi ltrate: the 
double immunostaining for T 
lymphocytes CD4/CD8 ( b  
magnifi cation 20×) shows 
that the tubulitis is caused by 
CD8+ T-cell lymphocytes (in 
 red ) and that the CD4+ T-cell 
lymphocytes (in  brown ) are 
localized predominantly in 
perivascular and interstitial 
sites       
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•   Vessels 
 –     T cells within the lumen of small arteries (endarteritis) with endothelial injury.  
 –   Activation of endothelial cells of capillaries and arteries.  
 –   In severe cases the infl ammatory infi ltrate is transmural with myocyte necro-

sis (Fig.  21.9 ).         

21.3.3.2     Ancillary Techniques 
•     Immunostaining for C4d is negative. C4d positivity can highlight a concomitant 

AHR component.     

21.3.3.3     Grading According to Banff Classification [ 16 ] 
     1.    ACR type 1 or tubulointerstitial. infl ammatory infi ltrate in at least 25 % of the 

cortex together with foci of moderate tubulitis (1A) or severe tubulitis (1B).   
   2.    ACR type 2 with endarteritis. It is then subdivided into 2A when the infi ltrate 

affects <25 % of the luminal areas and 2B when the infi ltrate affects ≥25 % of 
the luminal areas.   

   3.    ACR type 3 with transmural arterial infl ammation associated with myocyte foci 
and fi brinoid necrosis.   

   4.    Suspicious/borderline for ACR. Infl ammatory infi ltrate in <20 % of the cortex 
associated with mild tubulitis.      

21.3.3.4     Differential Diagnoses 
•     Polyomavirus infection (BK): typically BK shows a more evident plasma cell 

infi ltrate with tubular cell intranuclear viral inclusions, also detectable in the 
urine and with IHC on biopsy.  

•   Cytomegalovirus infection: tubular cell intranuclear viral inclusions detectable 
with IHC on biopsy.  

  Fig. 21.9    A case of ACR 
type 3 with transmural 
arterial infl ammation and 
fi brinoid necrosis (PAS, 
magnifi cation 40×)       
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•   Pyelonephritis: a neutrophil infi ltrate with dirty tubular casts; the infection can 
be confi rmed by a positive urine culture.  

•   Posttransplant lymphoproliferative disease (PTLD): monotonous infi ltrate of B 
lymphocytes. Tubulitis and endarteritis can be present. The in situ  hybridization  
for EBV-RNA is diagnostic.  

•   Drug-induced tubulointerstitial nephritis: an eosinophilic-rich infi ltrate is evi-
dent, sometimes infi ltrating tubular cells.  

•   Thrombotic microangiopathy (TMA): endoluminal thrombi in small arteries in 
the absence of endarteritis. Mucoid intimal thickening with progressive luminal 
obstruction appears.      

21.3.4     Chronic Rejection 

 Ten years after transplantation, about 20 % of patients lose their grafts due to CR, 
defi ned as a progressive loss of the graft due to a continuous humoral or cellular 
immunological reaction against the donor antigens. Clinical presentation is charac-
terized by progressive renal failure, proteinuria and hypertension. 

 Depending on the kind of immunological mechanism involved, CR can be distin-
guished in:

•    Chronic humoral rejection (CHR) or chronic antibody-mediated rejection  
•   Chronic cellular rejection (CCR)     

21.3.5     Chronic Humoral Rejection 

 The diagnosis of CHR has been revised as a category of AMR (see above) accord-
ing to Banff 2013. This diagnosis requires the histological picture, evidence of an 
endothelial/antibody reaction (defi ned by the C4d IHC positivity and/or micro-
vascular infl ammation) and serological evidence of anti-donor-specifi c 
antibodies. 

21.3.5.1     Histological Examination 
•     Glomeruli

 –    Transplant glomerulopathy (or chronic glomerulopathy, CG) (Fig.  21.10a ) 
defi ned as duplication of the glomerular basement membrane (BM) (railway 
track) identifi ed in at least one glomerular capillary loop (revised according to 
Banff 2013) [ 15 ]. The defi nition of CG 1a was introduced when the double 
contour is detectable only at electron microscopy and CG1b when the double 
contour is also evident at histology.  

 –   Glomerulitis with prevalent monocyte/mononuclear cells (CD68+) 
(Fig.  21.10b ).  

 –   Possible mesangial expansion and sclerosis.      
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•   Tubules
 –    Atrophic tubules with occasional thickening of the basement membrane with 

duplication (Fig.  21.11 )      
•   Interstitium 

 –     Fibrosis  
 –   Mild chronic infl ammatory infi ltrate     

•   Peritubular capillaries 
 –     Dilatation and mononuclear cell infi ltrate (peritubular capillaries)  
 –   Duplication of the BM, generally best seen by electron microscopy     

•   Arteries
 –    Fibrous intimal thickening with luminal narrowing, incorporating T lympho-

cytes and macrophages (transplant arteriopathy or chronic allograft  arteriopathy). 
The intima shows concentric thickening without multilayering of the lamina 
elastica (characterizing vascular hypertensive damage): at the beginning a loose 
matrix is evident, becoming more fi brotic as it evolves into an “onionskin” 
appearance (Fig.  21.12 ). The media generally shows no marked alteration.         

21.3.5.2     Ancillary Techniques 
•     Evidence of C4d deposition along peritubular and glomerular capillaries     

21.3.5.3     Differential Diagnoses (Transplant Glomerulopathy) 
•     Chronic thrombotic microangiopathy associated with calcineurin inhibitor toxic-

ity or a history of haemolytic uraemic syndrome. The absence of intracapillary 
fi brin thrombosis with necrosis, the anamnesis and other signs of immunosup-
pressive drug toxicity may help in the diagnosis.  

a b

  Fig. 21.10    On the  left  ( a ) a moderate/severe case of transplant glomerulopathy with duplication 
of the basement membrane of the glomerular capillary tuft (PAS, magnifi cation 40×). On the  right  
( b ) a case of glomerulitis associated with moderate mesangial expansion together with a thickening 
of the glomerular basement membrane (PAS, magnifi cation 40×)       
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•   Immune complex glomerulonephritis recurrent or de novo. This diagnosis 
requires a positive IF pattern and the typical immunocomplex at electron micros-
copy. The anamnesis is helpful.     

21.3.5.4     Differential Diagnoses (Transplant Arteriopathy) 
•     Arteriosclerosis. Elastic fi bre accumulation and thickening of the media in the 

absence of an infl ammatory infi ltrate in the vessel wall are more typical of a 
hypertensive injury. Evaluation of the donor biopsy can help distinguish lesions 
already present in the kidney prior to transplantation. Notably arteriosclerosis 
may coexist with transplant arteriopathy.  

•   Chronic thrombotic microangiopathy. The disease typically affects the smaller 
arteries, in contrast to rejection that is more evident in medium-sized vessels.     

a

b

  Fig. 21.11    The picture ( a  
PAS, magnifi cation 4×;  b  
trichrome stain, magnifi cation 
4×) demonstrates a mild 
chronic infl ammatory 
infi ltrate with diffuse tubular 
atrophy and totally sclerotic 
glomeruli. There is also 
severe chronic vascular 
damage       
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21.3.5.5     Differential Diagnoses (Tubulointerstitial Lesions) 
•     Calcineurin inhibitor toxicity associated with other signs of immunosuppressive 

drug toxicity such as nodular arteriolar hyalinosis.  
•   Chronic obstruction leads to an interstitial fi brosis with tubular atrophy in the 

absence of a diffuse infl ammatory mononuclear infi ltrate.      

21.3.6     Chronic Cellular Rejection 

21.3.6.1     Histological Examination 
•     Glomeruli

 –    Global glomerulosclerosis  
 –   Focal/segmental sclerosis with adhesions     

a

b

  Fig. 21.12    The intima shows 
concentric thickening 
creating an “onionskin” 
appearance without any 
particular alteration of the 
media. ( a ) PAS, 20×; ( b ) 
trichrome stain, 20×       
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•   Tubules
 –    Tubulitis and atrophic tubules     

•   Interstitium 
 –     Fibrosis  
 –   Mononuclear infl ammatory infi ltrate meeting the criteria of ACR     

•   Arteries
 –    The same alterations as for CHR        

21.3.6.2    Ancillary Techniques 
•     There is no evidence of C4d deposition along peritubular and glomerular 

capillaries.     

21.3.6.3    Differential Diagnoses 
•     CHR. This situation presents transplant glomerulopathy and multi-lamination of 

the basement membrane of peritubular capillaries and tubules together with C4d 
positivity.  

•   Calcineurin inhibitor toxicity. See below.  
•   Hypertensive arteriosclerosis. See below.       

21.4     Calcineurin Inhibitor Toxicity 

21.4.1     Histological Examination 

•     Tubule s . The most common tubular alteration is the so-called isometric vacuol-
ization of the cytoplasm, found more frequently in the proximal tubules and 
sometimes associated with a loss of tubular cell brush borders (Fig.  21.13a, b ). 
The lesion is reversible with dose reduction. Other alterations include giant mito-
chondria and dystrophic microcalcifi cation.   

•   Arterioles and arteries. Commonly the alterations are present in the arterioles; 
when very diffuse they can also be found at the vascular pole of the glomeruli. 
The early lesion is a marked swelling of the muscular cells of the media with 
clearing of the cytoplasm that evolves into a diffuse hyalinosis (nodular accumu-
lation of hyaline material along the media replacing the necrotic smooth muscle 
cells of the media) (Fig.  21.13c, d ). This lesion can be found within a few days 
after transplant, and a cumulative use of the drug can induce arteriolopathies in 
close to 100 % of allografts after 10 years [ 19 ]. In the most severe cases, calci-
neurin toxicity can induce a TMA with fi brin thrombi in capillaries and mucoid 
intimal thickening with oedematous swelling of the arterioles that evolves into a 
sclera-fi brotic lesion with an “onionskin” appearance. 

 The Banff 1997 scheme, adapted by Mihatsch, is used to score calcineurin 
inhibitor hyaline arteriolopathies [ 20 ].  
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  Fig. 21.13    The picture 
presents the classical tubular 
“isometric vacuolization” of 
the cytoplasm ( a  PAS, 
magnifi cation 40×;  b  
trichrome stain, 
magnifi cation 40×) and 
arteriolar hyalinosis ( c  PAS, 
magnifi cation 40×;  d  
trichrome stain, 
magnifi cation 40×)         

a

b

c

 

D. Malvi et al.



325

•   Glomeruli. The glomeruli can be affected as a direct effect of the calcineurin 
inhibitor or as a consequence of vascular damage: the end point, however, is 
sclerosis. Sometimes glomerular basement membrane duplication can be found 
but only focally and segmentally, together with mesangial expansion (the so- 
called calcineurin inhibitor glomerulopathy that enters the differential diagnosis 
with the “transplant glomerulopathy”). 

 Focal segmental glomerulosclerosis, the collapsing variant, is another glo-
merular lesion that can be an expression of drug damage.  

•   Interstitium. Typically there is a sparse and mild inflammatory infiltrate, 
with a “striped” fibrosis. In acute toxicity mild oedema can occasionally be 
found.    

21.4.1.1    Differential Diagnoses 
•     Tubules. Tubular cell vacuolization can also be found in osmotic nephrosis fol-

lowing therapy with plasma cell expanders, radiolabelled contrast media or intra-
venous immunoglobulin solution. Giant mitochondria are also found in cases of 
ischaemic damage, and dystrophic calcifi cation can be the consequence of 
marked acute tubular necrosis (as ischaemic/reperfusion damage).  

•   Arterioles and arteries. Hypertension and metabolic changes such as diabetes 
mellitus can induce arteriolar hyalinosis. In hypertension damage the hyaline 
deposits are subendothelial (and not in the media of the vascular wall) with an 
intact or atrophic appearance of the muscle cells of the media. Diabetes mel-
litus injury, however, is histologically similar to that of calcineurin 
inhibitors.  

d
Fig. 21.13 (continued)
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•   Glomeruli. A partially duplicated basement membrane in the glomeruli involves 
three major differential diagnoses: 
     1.    A late phase of a TMA not induced by a calcineurin inhibitor (e.g. a recur-

rence of the recipient disease or a de novo TMA caused by other drugs): this 
condition has to be considered in the correct clinical setting.   

   2.    Membranoproliferative glomerulonephritis (de novo or recurrent): this situa-
tion has to be confi rmed by typical IF and electron microscopic examination.   

   3.    Transplant glomerulopathy in the setting of chronic rejection.           

21.5     Posttransplant Lymphoproliferative Disorder 

21.5.1     Epidemiology 

 PTLD is one of the most common posttransplant malignancies (>90 %), represent-
ing the most common posttransplant cancer in children and the second most com-
mon malignancy after skin cancer in adults. The incidence of PTLD in renal 
transplant recipients is 1 %, and the renal allograft is affected in >30 % of cases 
[ 21 ,  22 ]. 

21.5.1.1    Clinical Features 
•     Fever.  
•   Lymphadenopathy.  
•   Extranodal involvement occurs in more than two thirds of cases and may also 

involve the allograft. The central nervous system is frequently involved (in up to 
30 % of cases) and can be the only site of disease.     

21.5.1.2    Macroscopic Examination 
 In section, the kidney surface presents a bloated and blurred corticomedullary junc-
tion, diffuse petechiae and vaguely nodular involvement.  

21.5.1.3    Histological Examination 
 The 2008 World Health Organization (WHO) [ 23 ] classifi cation system recognizes 
four major histopathological subtypes of PTLD:

    1.    Early hyperplastic lesions   
   2.    Polymorphic lesions (polyclonal or monoclonal)   
   3.    Monomorphic lesions (B, T, NK)   
   4.    Classic Hodgkin-type lymphomas:    

    Plasmacytic Hyperplasia (PH) and Infectious Mononucleosis-like PTLD 
 This entity usually occurs in young patients and appears as a mononucleosis-type 
acute infectious illness characterized by polyclonal B-cell proliferation with no 
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evidence of malignant transformation: the lymphoid follicles are fl oridly reactive or 
hyperplastic. In these cases EBV infection can often be demonstrated.  

   Polymorphic PTLD 
 This entity can have polyclonal or monoclonal lymphoid infi ltrates with evidence of 
malignant transformation but does not fulfi l all the criteria for typical B-cell or T-/
NK-cell lymphomas. At histology, there is an effacement of the underlying tissue 
with a mixed infi ltrate: immunoblasts, plasma cells and small–intermediate-sized 
lymphoid cells. Areas of geographic necrosis may be present with a high mitotic 
rate and nuclear atypia; EBV infection can often be demonstrated.  

   Monomorphic PTLD 
 This is a monoclonal lymphoid proliferation meeting the criteria for one of the 
B-cell or T-/NK-cell lymphomas recognized in immunocompetent patients. Burkitt 
lymphoma (BL) or plasma cell neoplasms occur less frequently. The WHO 2008 
does not include small B-cell lymphoid neoplasms (e.g. follicular lymphomas, 
small lymphocytic lymphoma) and marginal zone (MALT) lymphomas arising in 
the posttransplant setting among the PTLD. At histological examination destruction 
of the underlying parenchyma is evident, and the lymphoid infi ltrate shows malig-
nant cytological features.  

   Classic Hodgkin-Type Lymphomas 
 This rare form of PTLD shows the histology of classic Hodgkin lymphoma and can 
be seen as a late complication of transplantation. Biopsy shows Reed-Sternberg 
cells and variants on a mixed background of small lymphocytes, histiocytes and 
eosinophils.   

21.5.1.4    Differential Diagnoses 
•     Rejection. Tubulitis and endarteritis may be present. Rejection shows a predomi-

nance of T lymphocytes and macrophages; negativity for EBER-1 in situ hybrid-
ization for EBV provides further assurance that the cases classifi ed as acute 
rejection did not have complicating PTLD lesions. 
 –     Infl ammatory or infectious conditions.  
 –   EBV-positive spindle-cell neoplasms.          

21.6     Infection 

 Over 50 % of transplant patients have at least one infection in the fi rst year fol-
lowing transplantation [ 24 ], and the risk of contracting any specifi c infection 
changes according to the posttransplant period. Within the fi rst month the weak-
ening effects of immunosuppression have not been completely realized, and 
more than 90 % of infections are caused by bacterial or fungal agents. Conversely, 
from 1 to 6 months after transplantation, viruses are the most frequent cause of 
infections [ 25 ]. 
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21.6.1     CMV Infection 

 Cytomegalovirus (CMV) remains one of the most important pathogens and results in a 
signifi cant morbidity and mortality in kidney transplant recipients. About 20–60 % of 
patients develop symptomatic CMV infection [ 26 ], which may increase the incidence 
of infections, acute rejection, chronic allograft nephropathy and chronic vascular injury 
with adverse effects on the long-term outcome of both the patient and allograft [ 27 ]. 

21.6.1.1    Histological Examination 
     1.    Large intranuclear inclusions in tubular epithelial cells (rare in endothelial cells) 

with variable degrees of interstitial infl ammation   
   2.    Large eosinophilic intranuclear inclusions in endothelial cells; thrombotic 

microangiopathy   
   3.    Acute glomerulonephritis (rare): endocapillary hypercellularity, crescents and 

inclusions in glomerular endothelial cells      

21.6.1.2    Differential Diagnoses 
•     Polyomavirus nephropathy: see below.  
•   Adenovirus tubulointerstitial nephritis: tubular necrosis, granulomatous 

infl ammation.  
•   ACR: tubulitis, interstitial infl ammation and endarteritis.  
•   Acute allograft glomerulopathy: mesangiolysis, C4d-negative immunohisto-

chemistry and no virus inclusion.  
•   Acute glomerulonephritis: glomerular immune complexes evident with IF.      

21.6.2     Polyomavirus (BKV) Infection 

 BKV is a ubiquitous double-stranded DNA virus representing a major pathogen in 
kidney transplantation. The clinical presentation is variable: from completely 
asymptomatic to allograft dysfunction and graft loss. BKV nephropathy may pre-
cede or follow a treatment for acute rejection [ 28 ]. Screening for decoy cells in the 
urine is a useful tool, but diagnosis of BKV nephropathy requires identifi cation of 
the virus in kidney tissue by either IHC or electron microscopy. PCR quantifi cation 
of viraemia appears to correlate with the likelihood of BKV nephropathy and serves 
as a guide in monitoring response to therapy. 

21.6.2.1    Histological Examination 
•     Interstitial mononuclear infl ammation (Fig.  21.14 )   
•   Nuclear inclusions in tubular epithelium (confi rmed by IHC) (Figs.  21.15  and 

 21.16 )    
•   Tubulitis  
•   Immune complex deposition     
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  Fig. 21.14    H&E 
(magnifi cation 4×) shows a 
diffuse infl ammatory 
interstitial infi ltrate       

a

b

  Fig. 21.15    Light microscopy 
at high power (H&E, 
magnifi cation 40×) shows the 
typical cytopathic viral 
changes of the tubular cells. 
The images ( a ,  b ) show two 
of the four typical nuclear 
alterations: ground-glass 
intranuclear inclusions and 
the nuclear vesicular changes 
with irregular chromatin and 
occasional nucleoli       
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21.6.2.2    Differential Diagnoses 
•     Acute tubular interstitial rejection (type 1): tubulitis with interstitial infl ammation  
•   Adenovirus tubular necrosis: prominent interstitial infl ammation  
•   Acute tubular necrosis: reactive atypia of tubular epithelial cells  
•   Acute interstitial nephritis: marked interstitial infl ammation, no intranuclear 

inclusion      

21.6.3     Adenovirus Infections 

 Adenoviruses (AdV) are emerging pathogens in solid organ transplant recipients with 
clinical manifestations ranging from subclinical infection to fatal outcome. The 
reported prevalence of AdV infection during the fi rst year after kidney transplant is 
about 11 % by urine culture and 6.5 % by serum PCR [ 29 ]. Renal allograft involve-
ment is rare, and the infection has a broad range of histological manifestations: tubu-
lar cell necrosis with cytopathic viral effects together with interstitial infl ammation 
without glomerular or vascular involvement or as necrotizing tubulointerstitial nephri-
tis and space-occupying lesions with or without ureteral obstruction [ 30 ]. The com-
mon differential diagnoses include BK- and CMV- mediated interstitial nephritis. 

21.6.3.1    Histological Examination 
 Severe necrotizing granulomatous lesions with predominant neutrophilic infl amma-
tion can be considered characteristic for AdV infection. Additional features that are 
more pronounced in AdV interstitial nephritis include mixed cellular infi ltration 
with macrophages and histiocytes and tubular basement membrane disruption.  

a b

  Fig. 21.16    H&E on the  left  ( a , magnifi cation 20×) shows the typical tubular nuclear alteration of 
the infection: a positive SV40 immunohistochemistry ( b , on the  right , magnifi cation 20×) confi rms 
the diagnosis       
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21.6.3.2    Differential Diagnoses 
 The presence of granulomatous interstitial nephritis enters the differential diag-
nosis with mycobacterial, fungal (histoplasmosis,  Cryptococcus  species and 
 Candida albicans)  and viral (adenovirus, HIV, CMV and BKV) infections. 
Granulomas around tubules represent a useful feature pointing to adenovirus. The 
virus can be confi rmed using in situ hybridization studies. Other differential diag-
noses are drug- induced nephritis, antineutrophil cytoplasmic autoantibody-asso-
ciated vasculitis and sarcoidosis. Rarely, AdV and cellular rejection may coexist 
and pose a diagnostic challenge. In such conditions, overriding tubulitis, vasculi-
tis and predominant T-lymphocyte infi ltration should favour the diagnosis of 
rejection.    

21.7     Drug-Induced Acute Interstitial Nephritis 

 Myriad drugs have been implicated in causing acute interstitial nephritis (AIN). 
Drugs are more often recognized as aetiologic factors in AIN because of the 
increased frequency in using drugs, the increased use of renal biopsy and the typical 
clinical presentation [ 31 ]. Some classes of medication are often associated with 
certain clinical features of AIN. The development of drug-induced AIN is not dose 
related and may become clinically evident from 2 weeks or longer after starting 
medical therapy. 

21.7.1     Histological Examination 

 The hallmark of AIN is an interstitial infl ammatory infi ltrate with oedema, sparing 
the glomeruli and blood vessels. Interstitial fi brosis is mild and develops later in the 
disease. The infl ammatory infi ltrate is composed of mononuclear cells and T lym-
phocytes, with a variable number of plasma cells and eosinophils. Eosinophils may 
be totally absent from the infi ltrate or may concentrate in small foci, forming eosin-
ophilic microabscesses. In chronic interstitial nephritis, the cellular infi ltrate is 
largely replaced by interstitial fi brosis.   

21.8     De Novo or Recurrent Glomerular Disease 

 A glomerular disease is deemed de novo when the allograft develops a disease dif-
ferent from that of the native kidney. It is important to know exactly the cause that 
led to end-stage renal failure to exclude a recurrent disease. De novo or recurrent 
glomerular disease has the same histological features and IF pattern as those of the 
native kidney.     
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22.1             Lymphocele 

 Lymphocele is a well-established complication after renal transplantation. Its inci-
dence has been reported to range from 0.6 to 18 % in several large clinical series 
[ 1 – 5 ]. Ultrasonography has increased the possibility of detecting these fl uid collec-
tions [ 6 ,  7 ]. Most of these are small and resolve spontaneously. On the contrary, 
larger lymphoceles may produce clinical symptoms such as ipsilateral leg edema, 
abdominal swelling, fever, and, depending on their size and location, hydronephro-
sis by compression or displacement of the transplant ureter or the bladder. 

 Although some clinical reports have shown the possibility of late development of 
lymphoceles [ 8 ], most of these are detected 1–3 months after transplantation 
(Fig.  22.1 ).  

 The treatment consists of simple aspiration, external drainage, and marsupializa-
tion of the cyst into the peritoneal cavity by standard surgical technique or laparos-
copy [ 8 – 12 ]. Lymphoceles are present in all kidney transplant experiences, and their 
pathophysiology remains, at the moment, almost unknown. Many contributing fac-
tors such as extensive perivascular dissection of iliac vessels, acute rejection epi-
sodes, delayed graft function, source of kidney (cadaveric versus living related 
donor), use of diuretics, and steroid therapy may be involved [ 13 – 16 ]. Recently, 
retransplantation and adult polycystic disease (ADPKD) in the recipient have also 
been considered as adjunctive signifi cant risk factors [ 17 ,  18 ]. The two main sources 
for lymph production are lymphatics close to the iliac vessels and those present in 
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the renal allograft ilium [ 13 ,  19 ,  20 ]. In the majority of transplant centers, including 
our own, the external iliac vein and artery or the hypogastric artery are used for vas-
cular anastomoses in renal transplantation. Using this standard technique, wide dis-
section of perivascular lymphatic vessels is unavoidable in this region. Our opinion 
is that, in postrenal transplant recipients, the fi rst step in the management of symp-
tomatic lymphoceles should be percutaneous drainage with or without drug instilla-
tion. This will stabilize renal function and optimize patients who may require surgery 
and can, in itself, be curative. However, surgical marsupialization offers a superior 
one-step defi nitive treatment of lymphoceles with the lowest recurrence rates.  

22.2     Posttransplant Ureteral Obstruction 

 Stricture of the ureterovesical junction (UVJ) anastomosis, with reported incidence 
rates of 2–10 %, is the most frequent urologic complication in kidney allograft 
recipients [ 21 – 23 ]. Signifi cant stricture is a serious complication which can result in 
kidney failure and permanent damage to the allograft. Open surgery has tradition-
ally been used for correction of the obstruction; however, open procedures are asso-
ciated with morbidity and delayed convalescence. Development of percutaneous 
modalities of treatment such as percutaneous nephrostomy (PCN) with low compli-
cation rates has altered the approach to ureteral stricture. Percutaneous nephrostomy 
was fi rst described by Goodwin and colleagues for temporary drainage in cases of 
hydronephrosis [ 24 ]. Nowadays, this procedure is widely used for the treatment of 
UVJ obstruction in individuals without renal replacement therapy. A number 
of studies have evaluated PCN in the treatment of ureteral obstruction and urine 
leakage in kidney transplant patients [ 25 – 27 ]. Ureteral obstruction and leakage are 
the most common urologic complications encountered in kidney transplant recipi-
ents [ 28 – 30 ]. Most series indicate that about 70 % of the ureteral obstructions occur 
within 3 months of transplantation and 80 % occur at the UVJ site [ 22 ,  31 ,  32 ]. 
Prompt diagnosis and early treatment are critical for preventing loss of the allograft 
and decreasing morbidity and mortality. Ultrasonography and renal scintigraphy 
can be used as initial diagnostic techniques for assessing the patency and integrity 
of the renal collecting system. Urinary obstruction manifests by a rising level of 
serum creatinine, whereas US can easily confi rm the diagnosis of hydronephrosis. 
Diagnosis of the obstruction or leakage can be defi nitively confi rmed using 

  Fig. 22.1    CT scan: 
lymphocele near the  right  
renal graft in a double kidney 
transplant recipient       
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percutaneous anterograde pyelography. Percutaneous approach should be consid-
ered as a method of therapy for ureteral stricture regardless of the severity of obstruc-
tion [ 25 ]. Obstructions that occur soon after transplantation are thought to be due to 
mechanical causes including blood clots, calculi, edema, and ischemic necrosis, 
whereas late obstructions are usually the result of local or generalized fi brosis due 
to ischemia or rejection [ 24 ,  30 – 34 ]. Fibrosis detected in late obstructions is less 
likely to resolve with insertion of an intraluminal ureteral stent (Fig.  22.2 ). As men-
tioned, PCN is a well-established technique for rapid relief of ureteral obstruction 
and improvement of the kidney function. However, if this method fails, open surgery 
will be considered, although it is associated with higher mortality and morbidity 
rates. Repeated surgery in kidney transplant patient can be extremely diffi cult and 
may result in graft loss and/or signifi cant blood loss if not performed by an experi-
enced surgeon.   

22.3     Urinary Leakage 

 Leakage is usually the result of ureteral necrosis as a consequence of rejection or vas-
cular insuffi ciency [ 33 – 35 ] and can be treated by insertion of an indwelling ureteral 
catheter for 21–60 days without the need for PCN or surgery. Indwelling stents may 
also be of use as a measure to control urinary leakage and allow stabilization of immu-
nocompromised patients who are too ill to undergo the surgery. Extravasation of urine 
may occur from the renal pelvis, ureter, or ureteroneocystostomy site due to the surgical 
technique or ureteral ischemia and necrosis. Urinomas vary in size and usually appear 
in the fi rst 2 weeks after transplantation between the renal graft and the bladder. Patients 

  Fig. 22.2    Obstruction of the UVJ with hydronephrosis ( a ) before treatment and after placement 
of a ureteral stent ( b )       
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with renal leakage may present decreased urine output and manifest pain, tenderness 
around the graft, discharge from the wound, or even ipsilateral leg swelling and scrotal 
or labial edema. On US, a urine leak or urinoma appears as an anechoic fl uid collection 
with well-defi ned borders and lack of septations. Its size increases rapidly, and drainage 
often needs to be performed with ultrasound guidance to relieve compression and uri-
nary ascites. The higher creatinine level of the fl uid compared with its serum concentra-
tion differentiates a urine leak from seroma or lymphocele. In addition, urinomas can 
become infected and eventually form abscesses. Anterograde pyelography is necessary 
to depict the site of leak and to plan the appropriate intervention (Fig.  22.3 ). Small urine 
leaks may be treated with percutaneous nephrostomy and stent placement.   

22.4     Vascular Complications 

 Vascular complications occur in fewer than 10 % of renal transplant recipients but 
are an important cause of graft dysfunction with high associated morbidity and mor-
tality. Despite the fact that magnetic resonance angiography is superior in the diag-
nosis of vascular complications, color Doppler US, although conventional, remains 
an excellent noninvasive technique for evaluating vascular pathology [ 36 ,  37 ].  

22.5     Renal Artery Stenosis 

 Transplant artery stenosis is the most common vascular complication (up to 10 %) 
[ 38 – 41 ]. It usually occurs within the fi rst 3 months [ 39 ]. Strictures can affect the 
iliac artery just proximal to the anastomotic site (atherosclerotic disease in the donor 
vessel, surgical clamping injury), the anastomosis itself (related to surgical 

a b

  Fig. 22.3    Urinary leakage: normal anterograde pyelography ( a ) and urinary leakages ( b )       
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technique), or the proximal renal artery (intimal ischemia). Approximately half of 
renal artery stenoses can be located adjacent to the anastomosis; moreover, end-to-
end anastomoses have a threefold greater risk of stenosis than end-to-side anasto-
moses [ 42 ]. Evaluation for renal artery patency should be performed in several 
clinical scenarios: (a) severe hypertension refractory to medical therapy, (b) hyper-
tension combined with an audible bruit over the graft, and (c) hypertension associ-
ated with unexplained graft dysfunction. Moderate hypertension alone is not a 
precise marker for renal artery stenosis because up to 65 % of transplant recipients 
have non- renovascular hypertension. The renal artery is mapped by using color 
Doppler techniques. The stenotic segments reveal focal color aliasing due to 
increased fl ow velocity. Doppler criteria for signifi cant stenosis include the follow-
ing: (a) velocities greater than 200 cm/s, (b) a velocity gradient between stenotic 
and prestenotic segments of more than 2:1, and (c) marked distal turbulence (spec-
tral broadening). In the segmental artery branches of the transplant, tardus-parvus 
waveform abnormalities, decreased resistivity index (RI < 0.56), and loss of early 
systolic peak may variably be observed [ 41 ,  43 – 45 ]. Even if these fi ndings exist, 
when the patient is clinically doing well, only conservative monitoring is performed 
[ 43 ]. When treatment is necessary, percutaneous transluminal angioplasty with or 
without stent placement is nowadays accepted as the initial treatment of choice [ 46 ]. 
Clinical success in the form of improvement or defi nite treatment has been reported 
in 73 % of patients.  

22.6     Renal Vein Thrombosis 

 Renal vein thrombosis is an unusual posttransplant complication; it happens in <5 % 
of patients within the fi rst postoperative week. Clinical presentation is similar to infarc-
tion with abrupt cessation of urinary function, swelling, and tenderness over the graft. 

 Renal vein thrombosis is more likely to occur following surgical diffi culty with the 
venous anastomosis, episodes of hypovolemia, venous compression by a peritrans-
plant collection, or slow fl ow secondary to rejection. On US, the kidney may be large 
and hypoechoic with loss of corticomedullary differentiation. Echogenic material 
may be seen in the renal vein. Doppler examination shows reduced or no fl ow in the 
main renal vein, and there is increased resistance on the arterial conduit, often result-
ing in reversed diastolic fl ow in the main renal artery and/or intrarenal arteries [ 42 ,  47 , 
 48 ]. If thrombosis is partial, high RI may be seen [ 49 ]. Increased focal venous veloc-
ity may also be noted in partial thrombosis, kinking, and extrinsic pressure by fl uid 
collection. However, the combination of this fi nding with absence of venous fl ow at 
the hilum is diagnostic for this condition, and early recognition of this pattern is cru-
cial because the allograft may sometimes be salvaged by prompt thrombectomy.  

22.7     Renal Artery Thrombosis 

 Thrombosis of the main renal artery occurs very rarely (<1 % of cases) in the early 
postoperative period and usually leads to graft loss. It may result from severe rejec-
tion, anastomotic occlusion, arterial kinking, or intimal fl ap. Patients with renal 

22 Renal Transplantation: Postoperative Technical Complications



340

transplant infarction present with anuria and often with swelling and tenderness 
over the graft [ 50 ]. 

 Color Doppler imaging reveals no arterial and venous fl ow distal to the thrombus and 
in the intrarenal vessels. Similar fi ndings can be present at severe rejection. Thrombosis 
of an accessory renal artery or intrarenal arterial branches will result in segmental 
infarcts. Although a main artery thrombosis usually results in nephrectomy, there has 
been some reported success with percutaneous angiographic thrombolytic techniques 
for treating infarcts. Early diagnosis and treatment are vital for allograft salvage [ 51 ].     
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23.1            Introduction 

 Intestinal failure (IF) has been defi ned as a reduction in the functioning gut mass 
below the minimum amount necessary for adequate digestion and absorption of 
nutrients to achieve and maintain normal nutritional status [ 1 ]. Long-term home 
parenteral nutrition (HPN) is the “artifi cial gut” for the medical treatment of chronic 
IF (CIF), caused by various gastrointestinal or systemic benign diseases. CIF can be 
due to four pathophysiological conditions: short bowel syndrome (SBS), chronic 
intestinal pseudo-obstruction, small bowel parenchymal disease, and intestinal fi s-
tula [ 2 ] (Table  23.1 ). In Europe, the prevalence of CIF ranges from 5 to 20 cases per 
million population. CIF has been included in the 2013 European “Orphanet” list of 
rare diseases [ 3 ].

   Intestinal rehabilitation programs based on medical treatment and non-transplant 
surgery can improve the intestinal functions and allow weaned off HPN [ 4 ]. Patients 
with irreversible CIF are destined to lifelong HPN or to intestinal transplantation 
(ITx). Published cohorts [ 5 ] showed mean 5- and 10-year survival rates on HPN of 
70 and 55 % in adults and 89 and 81 % in children. HPN complications were the 
cause of 14 % of deaths in adults and of up to 70 % of deaths in babies <1 year [ 5 ]. 
The 2013 International Transplant Registry report showed a 5-year patient survival 
rate of 40–60 % in adults and 50–70 % in children, depending on the type of trans-
plant with the best results after isolated small bowel ITx. Almost all the deaths after 
ITx were related to the treatment [ 6 ]. 
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 On the basis of data on safety and effi cacy, HPN is considered the primary 
treatment for CIF. The indications for ITx were fi rstly developed by expert con-
sensus in 2001 and could be categorized as HPN failure, high risk of death due to 
the underlying disease, or very poor quality of life (QoL) related to the underly-
ing IF [ 2 ,  7 ,  8 ] (Table  23.2 ). Those indications were based on retrospective 

   Table 23.1    Pathophysiology of intestinal failure and underlying diseases of patients on long-term 
home parenteral nutrition   

 Adults (n. 688)  Children (n. 166) 

  Short bowel syndrome (no. (%))    514 (74.7 %)    87 (52.4 %)  
 Mesenteric ischemia  36 % 

 Crohn’s disease  29 % 

 Rx enteritis  10 % 

 Surgical complications  8 % 

 Familial polyposis  4 % 

 Volvulus  2 %  25 % 

 Intestinal atresia  23 % 

 Intestinal malformation  19 % 

 Necrotizing enterocolitis  15 % 

 Gastroschisis  6 % 

 Others  11 %  12 % 

  Motility disorder    124 (18.0 %)    38 (22.9 %)  
 CIPO  56 %  71 % 

 Rx enteritis  16 % 

 Scleroderma  6 % 

 MNGIE  3 % 

 Hirschsprung’s disease  2 %  16 % 

 Others  17 %  13 % 

  Extensive parenchymal disease    35 (5.1 %)    41 (24.7 %)  
 Coeliac  17 % 

 Atrophy-Ig defi ciency  14 %  7 % 

 Crohn’s disease  14 %  10 % 

 Lymphangiectasia  11 %  12 % 

 Rx enteritis  9 % 

 Tufting enteropathy  6 %  24 % 

 Autoimmune enteropathy  6 %  7 % 

 Intractable diarrhea  3 %  17 % 

 Microvillus atrophy  10 % 

 Others  20 %  12 % 

  Intestinal fi stulas    15 (2.2 %)    0  

 Surgical complication  60 % 

 Crohn’s disease  27 % 

 Others  13 % 

  Adapted from [ 2 ]  
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    Table 23.2    Five-year relative risk of death on home parenteral nutrition (HPN) reported in the 
European prospective survey [ 2 ,  10 ,  11 ], for each indication criteria for intestinal transplantation 
(ITx) as defi ned by the USA Medicare Services [ 7 ] and by the American Society of Transplantation 
position paper [ 8 ]. Proposed revision of the criteria, according to the observed results   

 Results of the European prospective survey on 
candidates for ITx [ 2 ,  10 ,  11 ] 

 Proposed revision of the criteria for 
patient referral for ITx, according to the 
results of the European survey 

 Indication criteria for ITx 

 5-year risk of death 
on HPN 

 According to the USA Medicare 
Services [ 7 ] and American 
Society of Transplantation [ 8 ] 

 RR  P 

  Failure of HPN  

 IFALD-related liver failure: 
 Impending (total bilirubin 
above 3–6 mg/dL/54–
108 μmol/L, progressive 
thrombocytopenia, and 
progressive splenomegaly) or 
 Overt liver failure (portal 
hypertension, 
hepatosplenomegaly, hepatic 
fi brosis or cirrhosis) 

 3.2  0.002  Signifi cantly increased risk of death on 
HPN. Criterion for a life-saving ITx 
 Comment: 
 Combined liver and intestinal 
transplantation is a potential life-saving 
therapy 
 Isolated intestinal transplant may reverse 
liver fi brosis or cirrhosis in adults with 
SBS and no signs of portal hypertension 
and preserved hepatic synthetic function 
 Isolated liver transplant may be 
successful in children with SBS, liver 
failure, and portal hypertension, who 
have favorable prognostic features for 
full enteral adaptation and weaning from 
HPN after transplantation 

 CVC-related thrombosis of ≥2 
central veins 

 2.1  0.058  Nonsignifi cant increased risk of death 
on HPN. “Borderline” criterion for a 
life-saving ITx, requiring a case-by-case 
decision 
 Comment: 
 Complete or impending loss of venous 
access has never been reported 
 Venous access is required for the graft 
procedure; a delay in referral for 
transplant evaluation until conventional 
venous access is lost can prove 
disastrous 

 Frequent and severe CVC-
related sepsis: 
 2 or more episodes per year of 
systemic sepsis secondary to 
line infections requiring 
hospitalization 
 A single episode of line-
related fungemia 
 Septic shock and/or acute 
respiratory distress syndrome 

 1.1  0.929  No increased risk of death on HPN. This 
can be no longer a criterion for referral 
for ITx 
 Comment: 
 Sepsis is the most frequent cause of 
death after ITx 
 Proper education and specifi c training of 
patients and caregivers is the most 
important strategy for reducing the risk 
of CVC-related infections. Taurolidine 
and ethanol locks are new promising 
strategies 

(continued)
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Table 23.2 (continued)

 Results of the European prospective survey on 
candidates for ITx [ 2 ,  10 ,  11 ] 

 Proposed revision of the criteria for 
patient referral for ITx, according to the 
results of the European survey 

 Indication criteria for ITx 

 5-year risk of death 
on HPN 

 According to the USA Medicare 
Services [ 7 ] and American 
Society of Transplantation [ 8 ] 

 RR  P 

 Frequent episodes of severe 
dehydrations, despite 
intravenous fl uids in addition 
to HPN 

 0  No increased risk of death on HPN. This 
can be no longer a criterion for referral 
for ITx 
 Comment: 
 This indication was based on the risk of 
chronic renal failure due to recurrent 
episodes of acute renal failure because 
of dehydration in patients with high 
intestinal losses of fl uids and 
electrolytes 
 Decrease of renal function and the risk 
for developing chronic renal failure are 
greater after ITx than during HPN 

  High risk of death attributable to the underlying disease  

 Intra-abdominal invasive 
desmoid tumors 

 7.1  <0.001  Signifi cantly increased risk of death on 
HPN. Criterion for a life-saving ITx 
 Comment: 
 In these patients, the need for HPN has 
been reported to represent a strong 
predictor of mortality because it mirrors 
the progression of the tumor 

 Ultra-SBS (gastrostomy, 
duodenostomy, residual small 
bowel <10 cm in infants or 
<20 cm in adults) 

 0.8  0.763  No increased risk of death on HPN. This 
can be no longer a criterion for a straight 
referral for ITx; a case-by-case decision 
is required 
 Comment: 
 This indication was based on the higher 
risk of IFALD-related liver failure and 
CVC-related sepsis in patients with an 
ultra-SBS, reported by earlier case series 
 Recent improvements in intestinal 
rehabilitation programs have 
signifi cantly decreased this risk 

 Congenital mucosal disorders 
(e.g., microvillus atrophy, 
intestinal epithelial dysplasia) 

 0.4  0.374  No increased risk of death on HPN. This 
can be no longer a criterion for a straight 
referral for ITx; a case-by-case decision 
is required 
 Comment: 
 Earlier case series reported uniformly 
poor outcomes associated with these 
mucosal enteropathies. Recent surveys 
showed improved outcomes, with some 
children successfully weaned off HPN 
to full oral nutrition 
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Table 23.2 (continued)

 Results of the European prospective survey on 
candidates for ITx [ 2 ,  10 ,  11 ] 

 Proposed revision of the criteria for 
patient referral for ITx, according to the 
results of the European survey 

 Indication criteria for ITx 

 5-year risk of death 
on HPN 

 According to the USA Medicare 
Services [ 7 ] and American 
Society of Transplantation [ 8 ] 

 RR  P 

  Very poor quality of life (IF with high morbidity or low acceptance of HPN)  

 Need for frequent 
hospitalization, narcotic 
dependency, or inability to 
function 
 Patient’s unwillingness to 
accept long-term home 
parenteral nutrition 

 No increased risk of death on HPN. This 
could be a potential criterion for a 
“rehabilitative ITx” in case-by-case 
carefully selected patients 
 Comment: 
 A recent comparative study clearly 
indicated that a successful ITx can 
improve the quality of life of patients 
with CIF destined to lifelong HPN 

   RR  relative risk,  HPN  home parenteral nutrition,  ITx  intestinal transplantation,  IFALD  intestinal 
failure-associated liver disease,  CVC  central venous catheter,  SBS  short bowel syndrome,  CIF  
chronic intestinal failure  

analyses of national and international registries and individual center cohorts of 
CIF. Subsequently, there have been many advances in the management of CIF 
resulting in much better outcomes [ 4 ,  5 ,  9 ]. Therefore, in 2004, the Home 
Artifi cial Nutrition and Chronic Intestinal Failure working group of the European 
Society for Clinical Nutrition (ESPEN) carried out a 5-year prospective compara-
tive study to evaluate their appropriateness [ 2 ,  10 ,  11 ]. Two cohorts of patients on 
HPN for CIF were compared: 165 candidates for ITx (108 adults, 57 children, 
having an indication and no contraindication for ITx) and 418 noncandidates 
(322 adults, 96 children, having neither an indication nor a contraindication for 
ITx). The 5-year survival rate on HPN was 87 % in noncandidates, 74 % in can-
didates with HPN failure, 84 % in those with high-risk underlying disease, and 
100 % in those with high-morbidity IF/low acceptance of HPN. The analysis of 
the risk of death and the causes of death on HPN associated with each indication 
showed that only patients with liver failure due to intestinal failure-associated 
liver disease (IFALD) or invasive intra-abdominal desmoids had an actual 
increased risk of death on HPN. In these patients, almost all (91.7 %) of deaths 
on HPN were related to an indication for ITx. On the contrary, none of the other 
indications for ITx showed a statistically signifi cant increased risk of death on 
HPN, and only 35.8 % of deaths occurred in patients with these indications were 
related to the underlying disease or to HPN. The European survey suggested a 
revision of the referral criteria for ITx [ 5 ,  11 ].
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23.2        Proposed Revision of the Indications for ITx, According 
to the Results of the European Survey [ 2 ,  5 ,  10 ,  11 ] 
(Table  23.2 ) 

  Liver failure due to IFALD  showed a statistically signifi cant increased risk of death 
on HPN and was confi rmed as a referral criterion for a life-saving ITx. Abnormalities 
of liver function tests (LFTs) have been reported at a frequency of between 15 and 
85 % of patients on HPN [ 12 ,  13 ]. Chronic cholestasis with infl ammation and rapid 
progression to fi brosis, portal hypertension, and end-stage liver disease is the pre-
dominant histologic feature in neonates and infants <6 months, whereas steatosis 
and steatohepatitis with a slower evolution to fi brosis are the principal lesions in 
older children and adults [ 14 ]. In 22 adult case series and 16 children cohorts, 
IFALD-related death represented the 4–5 % and the 16–60 % of total death on HPN, 
respectively, with a mortality rate greater in premature infants and in babies [ 5 ]. 

 The pathogenesis of IFALD is multifactorial [ 5 ,  12 ,  13 ]. Total oral fasting and 
very short bowel syndrome (SBS) are the main IF-related factors. The main HPN- 
related factors consist of excess total energy, excess glucose, or excess soybean- 
based lipid emulsions (LE) (>1 g/Kg body weight/day in adults and >2.5 g/Kg/day 
in children), rich in proinfl ammatory omega-6 polyunsaturated fatty acids, even 
without hyperalimentation [ 30 ,  31 ]. Other potential HPN factors may be excess 
phytosterols in LE and antioxidant defi ciency, like vitamin E. A key role has been 
demonstrated for the systemic or intra-abdominal infl ammation, notably through 
sepsis – of whatever origin – or intestinal bacterial translocation [ 5 ,  12 – 16 ]. 

 In the recent years, prevention and treatment of IFALD have improved allowing 
to avoid the need for ITx in a consistent number of patients [ 4 ]. The main strategies 
aim to maintain oral feeding, to decrease the risk of central venous catheter (CVC)-
related sepsis, and to decrease the amount of soybean-based LE, or its replacement 
with fi sh oil-based LE, containing the anti-infl ammatory omega-3 polyunsaturated 
fatty acids as well as higher amount of vitamin E and lower concentration of phy-
tosterols, would be recommended [ 16 ,  18 ]. 

 When medical treatment fails, the issues of  patient referral for transplantation , 
 type of transplantation,  and  timing of transplantation  arise. According to a severity 
classifi cation of IFALD proposed in 2008 [ 19 ], persistent hyperbilirubinemia from 
3 to 6 mg/dL (50–100 μmol/L) would be a criterion for  referral to intestinal failure 
rehabilitation unit  and persistent concentration >6 g/dL a criterion for consultation 
or  referral for transplantation assessment and listing . Knowing when hepatic fi bro-
sis is progressing up to irreversible cirrhosis is a key issue for the timing for referral 
as well as for the type of transplantation. LFTs do not predict the degree of histo-
logical injury [ 14 ]. A recent study [ 17 ] in adults found that the FibroScan® score, a 
noninvasive marker of liver fi brosis in various liver diseases, was signifi cantly cor-
related with the histological score of cholestasis but not of fi brosis. Therefore, serial 
liver biopsy remains the gold standard for assessing IFALD. 

 The Intestinal Transplant Registry shows that  combined liver and ITx , either 
small bowel alone or multivisceral, have the same patient survival probability of ITx 
without liver, but a higher probability of graft survival. Fiel et al. reported the 
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decrease of liver fi brosis in four adult patients [ 20 ] and reversal of cirrhosis in 
another patient [ 21 ] after successful engraftment of an  isolated ITx . All the patients 
had an  S BS, preserved hepatic synthetic function, and absence of portal hyperten-
sion [ 20 ,  21 ]. The regression of fi brosis might in part be due to the improved portal 
blood fl ow that occurs with a new intestinal allograft or to the IF-associated portal 
endotoxemia. No similar data have yet been reported in children. 

 It has been shown that  isolated liver transplant  (iLTx) may be successful with 
long-term survival in children with liver failure and portal hypertension as a result 
of SBS, who have favorable prognostic features for full enteral adaptation and 
weaning from HPN after transplantation [ 22 ,  23 ]. After iLTx, intestinal function 
may improve because the degree of portal hypertension and bowel edema might 
contribute to the pretransplant intolerance to enteral feeds. The following criteria 
for iLTx in children with SBS and liver failure have been suggested [ 23 ]: (a) serum 
bilirubin >200 μmol/L, moderate/severe fi brosis, and portal hypertension; (b) 
≥50 cm of intact functional small bowel without an ICV or 30 cm with an ICV; (c) 
≥50 % of the estimated daily energy requirement tolerated as enteral feeds for at 
least 4 weeks before the development of liver disease and associated with an increase 
in weight; and (d) minimal CVC infections (<6/12 months). If these criteria would 
be applicable to adults as well is not known. 

 Once patients have been listed, the  priority criteria for  combined liver-ITx are a 
matter of debate. Stratifi cation of waiting times for liver-ITx was regulated by the 
models for adult and pediatric end-stage liver disease (MELD and PELD). However, 
deaths on the waiting list for combined liver-ITx were eight times higher compared 
to iLTx without IF [ 24 ]. As a result these scores were adjusted to incorporate a slid-
ing scale of 10 % mortality at 3 months. Over time this has reduced time waiting for 
a transplant, increased the number of liver-ITx, and narrowed the gap between the 
two groups in both pediatric and adult populations [ 25 ]. In addition, the MELD 
score and C-reactive protein have been shown to be independent predictors of sur-
vival and may be considered as reasons for early transplantation [ 26 ]. 

 The  occlusion of greater than or equal to two central veins  due to CVC-related 
thrombosis resulted in a “borderline,” non-statistically signifi cant increased risk of 
death on HPN. This implies that this should not to be considered a criterion for a 
patient straight referral for a life-saving ITx and that a case-by-case decision would 
be the preferred strategy. The incidence of CVC-related thrombosis is quite low 
(0.02–0.09 per catheter year), with the highest rates reported in children [ 5 ]. The 
mortality is very rare (0–3.9 %) and becomes a substantial risk only in those patients 
with a vena cava syndrome (6.8 %) [ 5 ]. Although true complete or impending loss 
of venous access has never been reported, the loss of venous access is an important 
concern, because access is required for the graft procedure, so a delay in referral for 
ITx evaluation until conventional venous access is lost can prove disastrous [ 5 ,  27 ]. 

 The European survey showed no increased risk of death on HPN associated with 
 frequent and severe episodes of CVC - related sepsis . Considering also that sepsis is 
the most frequent cause of death after ITx [ 6 ], CVC-related infections should no 
longer be considered an indication for ITx. The incidence of CVC-related infection 
has been reported to range between 0.38 and 4.58 episodes per 1,000 catheter days 
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with a median of 1.31 [ 28 ] with an associated death rate to 8 % in adults and 30 % 
in children [ 5 ]. Proper education and specifi c training of staff is universally recom-
mended as the most important and evidence-based strategy for reducing the risk of 
this complication [ 13 ,  28 ,  29 ]. The use of taurolidine or ethanol locks as well as 
HPN infusion via an arteriovenous fi stula has been reported to further decrease 
CVC-related infections [ 5 ]. 

  Frequent episodes of severe dehydration  despite intravenous fl uids in addition to 
HPN were a criterion for referral for ITx in only two patients of the European sur-
vey. This complication usually occurs in patients with high intestinal losses of fl u-
ids, as those with an SBS and an end jejunostomy. Severe dehydration may cause an 
acute renal failure (ARF) that generally resolves after appropriate intravenous 
hydration. The rationale for this indication for ITx was the risk of chronic renal 
failure (CRF) that may arise after repeated episodes of ARF. A decrease of glomeru-
lar fi ltration rate (GFR) may occur in about 50 % of patients after many years of 
HPN [ 30 ,  31 ]. However, ITx is the organ transplant at the highest risk for patients to 
develop CRF, with a 21 % incidence at 5-year post-ITx [ 32 ]. The prevalence and the 
probability of CRF on HPN and after ITx were recently compared [ 33 ]. After a 
median of 7 years of treatment, the frequency of CRF was 21 % in HPN patients and 
54 % in ITx recipients, with an annual decline of GFR of 2.8 % and 14.5 %, respec-
tively. The 5-year probability of maintaining a GFR ≥60 ml/min was 84 % in the 
HPN group and 44 % in the ITx group [ 33 ]. These data defi nitively indicate that 
frequent and severe episodes of dehydration on HPN, as a criterion for ITx, should 
be abandoned. 

 The European survey showed that also patients who were on HPN because of 
 invasive intra - abdominal desmoids  had a signifi cantly increased risk of death and 
were therefore candidates for a life-saving ITx. Quintini et al. showed that in these 
patients, survival rate was negatively affected by the presence of pain, the dimen-
sion of the tumor (e.g., >10 cm), and the requirement for long-term HPN [ 34 ]. Even 
though the duration of HPN did not affect mortality, the need for HPN represented 
a strong predictor of mortality and represented an independent poor prognostic fac-
tor associated with high morbidity and mortality. ITx would offer the advantages of 
making the removal of the tumor easier and more complete and is a potentially life- 
saving therapy for early referred patients [ 35 ]. 

 Children with CIF due to  congenital mucosal disorders  (e.g., microvillus atro-
phy, intestinal epithelial dysplasia) did not show a 5-year increased risk of death on 
HPN. In earlier case series mucosal enteropathies were reported to be associated 
with uniformly poor outcomes [ 5 ]. Recent studies showed improved outcomes, with 
some children successfully weaned off HPN [ 36 ,  37 ]. These data clearly indicate 
that congenital mucosal disorders are no longer a criterion for a straight referral for 
a life-saving ITx. 

 Also the presence of an  ultra - SBS  was not associated with an increased risk of 
death on HPN and should no longer be a criterion for a life-saving ITx. Earlier case 
series showed an increased risk of death due to IFALD and CVC-related sepsis in 
the presence of a small bowel remnant <50 cm in adults and <15 % of the expected 
normal length in infants and children [ 5 ,  38 ,  39 ]. The improvements in intestinal 
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rehabilitation programs have decreased the frequency and the severity of these two 
major HPN-related complications and have increased the survival rate of these 
patients [ 5 ,  40 ,  41 ]. 

 The results of the European survey showed a 100 % 5-year survival rate in can-
didates for ITx because of a  very poor QoL  due to CIF with high morbidity or low 
acceptance of HPN. 

 Adult patients experiencing an acute onset of IF may negatively react to the pros-
pect of long-term HPN, but an improvement of the QoL has been reported with the 
improvement of nutritional status due to HPN, in patients having severe malnutri-
tion as the result of chronic and devastating gastrointestinal diseases [ 42 ,  43 ]. 
Furthermore, a better QoL in patients on long-term HPN compared with those on 
short-term HPN has been reported, indicating an adaptation with time [ 42 ,  43 ]. In 
adults, a poor QoL on HPN has been reported to be due to not eating or drinking 
normally, loss of independence with limitation in social life, change in social status, 
implications for the fi nancial status, worsening nutritional status, increased number 
of HPN infusions per week, frequency of nocturnal urination, and need of opiates to 
control pain [ 42 ,  43 ]. Recently, the QoL of patients on HPN and of ITx recipients 
was investigated using comparable questionnaires. The results showed that ITx 
recipients had a better score in the ability to holiday/travel, fatigue, gastrointestinal 
symptoms, stoma management/bowel movements, and global health status/quality 
of life, indicating that a successful ITx can improve the QoL of patients with CIF 
[ 44 ]. Overall, these results would support a rehabilitative role of ITx for patients 
with irreversible CIF and very poor QoL, but the above reported data on the survival 
rate do not yet allow to consider this a criterion for a straight referral for ITx.  

23.3     Issues with a Potential Indication for a Rehabilitative ITx 

 In the European survey, the 5-year survival rate of the candidates designated because 
of CVC-related complications or ultrashort bowel did not differ between those who 
remained on HPN (83 %) and those who underwent ITx (78 %), the latter being 
similar to the results obtained by the most experienced US transplant centers [ 5 ,  11 ]. 
These data would implicate a potential “rehabilitative role” of ITx, to be offered on 
a case-by-case basis, to carefully selected patients, in order to avoid the risk of pre-
mature death following an ITx. 

 The information to be given to patients asking for a rehabilitative ITx should 
consider the survival rate, the safety, the effi cacy, the QoL of both HPN and ITx, as 
well as the timing of referral in order to have the highest probability of a successful 
ITx. Survival probability is higher, and morbidity rate is lower on HPN than after 
ITx [ 5 ]. Considering the effi cacy, in about 20 % of ITx recipients, a graft failure 
occurs, requiring intravenous hydration and HPN, or retransplantation may occur 
[ 6 ]. On the other hand, the QoL would be better after successful ITx than on HPN 
[ 44 ]. The timing of patient referral for ITx is a key factor for the probability of sur-
vival after ITx, because a late referral is associated with an increased risk of death. 
The survival rate is higher in patients who are in good clinical status at time of 
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calling for the transplantation [ 6 ,  24 ]. Adult candidates after the fourth decade have 
a decreased survival probability [ 5 ,  6 ,  45 ].  

23.4     Conclusions 

 The progress in intestinal rehabilitation therapy has modifi ed the strategy of treat-
ment of CIF, moving from a straight referral for ITx of any patients with a potential 
risk of death on HPN to the early referral of patients to intestinal rehabilitation 
centers with expertise in both medical and surgical treatment for CIF, in order to 
maximize the opportunity of weaning off HPN, to prevent HPN failure, and to 
ensure timely ITx when this is needed [ 19 ]. 

 Recent data indicate that only liver failure due to IFALD and invasive intra- 
abdominal desmoids are the criteria for a straight referral for ITx. CVC-related 
thrombosis of greater than or equal to two central veins could be also considered for 
a life-saving ITx, in appropriately selected patients. For patients having none of the 
above criteria, ITx might have a potential rehabilitative role, but a careful decision 
must be taken on a case-by-case basis for adequately informed patients.     
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      Intestinal/Multivisceral Transplantation: 
The Donor Procurement 
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24.1             Introduction 

 Multiple organ procurement is a single surgical operation. It takes place constantly 
under urgent conditions and involves multiple surgical teams, each devoted to the 
retrieval of a specifi c organ and therefore mostly concerned with preserving their 
organ(s) of interest. Time for organization is usually limited, and the procedure can 
rarely be delayed without the risk of losing the donor or compromising the quality 
of the organs. For successful transplantation of each donated organ from the same 
donor, coordination among the surgical teams from different transplant centers is 
essential. Because of possible variations in techniques for the procurement of organs 
among transplant centers, the surgical teams should discuss the method and the 
estimated duration of the procedure before beginning the operation, so that each 
organ is optimally procured without unnecessary ischemia or injury. Organs are 
removed according to their susceptibility to ischemia and the need for their life- 
supporting or life-enhancing nature. Thus the heart or the heart and lungs are usu-
ally removed fi rst, then the liver, the pancreas and the small bowel or the multivisceral 
graft, and fi nally the kidneys. In the past, it was suggested that the pancreas and 
small bowel cannot be obtained from the same cadaveric donor, particularly if the 
liver is also to be transplanted. The argument was that because the three organs 
share an axial blood supply, they cannot all be assured of an adequate blood supply 
when detached from each other and transplanted individually. Contrary to this 
assumption, it has been extensively demonstrated that the procurement of each 
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abdominal organ is technically feasible and safe for transplantation [ 1 ]. The com-
plete multivisceral specimen is envisioned as a grape cluster with a double central 
stem consisting of the celiac axis and superior mesenteric artery. The grapes, or 
individual organs, can be removed or retained according to the surgical objectives, 
but both arterial stem structures are preserved except when only the intestine is to 
be transplanted. The venous outfl ow from the grape cluster is entirely hepatofugal 
and is also kept intact up to or beyond the liver.  

24.2     Donor Evaluation 

 Intestinal transplant recipients often undergo several previous laparotomies, leading 
to loss of domain of the abdomen in the abdominal cavity which often becomes a 
virtual space. For this reason, after an intestinal transplant procedure, the immediate 
closure of the abdominal incision is not always feasible. Donor-recipient size mis-
match can preclude a primary abdominal closure. An acceptable donor-to-recipient 
body weight ratio is reported as being between 1.1 and 0.76; donor-recipient match-
ing should take into account not only the small size of the recipient, but also the loss 
of domain of the abdomen in the abdominal cavity, which may result in prolonged 
waiting time for transplant and a possible increase in mortality and morbidity [ 2 ]. 

 Suitable intestinal/MV donors are considered if they have a satisfactory past 
medical history and a stable hemodynamic condition and are receiving minimal or 
no intravenous doses of vasopressors, with normal levels of blood sugars and serum 
lipases and with normal results of liver function tests. Patients with acute brain stem 
injury often develop hyperglycemia due to intravenous glucose-containing crystal-
loid infusions: elevated serum glucose alone is not necessarily a contraindication for 
donation. Although more than 2,300 intestinal transplantations have been performed 
worldwide, a description of intestinal donor criteria is still not available; a review of 
the literature shows no specifi c report on donor profi le. The most commonly cited 
donor criterion is age which must range between 0 and 50 years; other criteria for 
intestinal graft donation include ICU stay <1 week and no blunt abdominal trauma 
[ 3 ]. ABO blood group must be usually identical; human leukocyte antigen matching 
with the recipients can be random. 

 Selective gut decontamination must be attempted in all donors with a nonabsorb-
able antibiotic preparation (amphotericin B, tobramycin/gentamicin, and polymyxin 
E) administered through a nasogastric tube without lavage soon after acceptance 
into donorship and again at the time of donor surgery. In addition, standard intrave-
nous antibiotic prophylaxis must be instituted [ 4 ]. Originally, the grafts were altered 
with irradiation and/or antilymphoid antibody treatment or other modalities before 
or after interruption of their blood fl ow [ 5 ]. 

 After a complete midline incision of the chest and abdomen, the organs must be 
inspected in order to detect any vascular anatomical variants; the small bowel is 
evaluated for ischemia, edema, pulsatility, and peristalsis, and the mesentery is 
inspected for hematomas or injuries. The long incision provides good exposure for 
removal of all thoracic and abdominal viscera. 
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 The presence of Meckel or other types of diverticulosis are acceptable. 
 In all cases, if the heart is procured, the aorta is encircled proximally near the 

diaphragm for later cross-clamping when circulation is discontinued. The distal part 
of the aorta is cleaned and encircled at or below the origin of the inferior mesenteric 
artery for insertion of the cannula for cold preservation fl uid. As soon as the proxi-
mal aorta is cross-clamped, in situ perfusion is begun, and the venous beds are 
decompressed by venotomy of the suprahepatic vena cava [ 6 ].  

24.3     Surgical Technique 

24.3.1     Isolated Intestinal Graft: Donor Procedure 

 The isolated intestinal graft can be harvested simultaneously with all the other 
organs without jeopardizing the function after reperfusion of the other abdominal 
organs including the pancreas. 

 Cattel and Kocher maneuvers are performed together in order to expose the left 
renal vein clearly: above the vein, the superior mesenteric artery (SMA) rises from 
the aorta (Fig.  24.1 ), and the presence of an aberrant right hepatic branch needs to 
be excluded (the origin of the inferior pancreaticoduodenal artery must be preserved 
in the case of pancreas harvesting, so the SMA must be isolated up to the fi rst jeju-
nal vessels in order to be cut there).  

 The gastrocolic ligament is then divided between the stomach and transverse 
colon up to the splenic fl exure, looking inside for the middle colic vein: following 
it, the superior mesenteric vein (SMV) can be reached and isolated as far as the 
splenomesenteric confl uence into the portal vein (the origin of the inferior pancre-
aticoduodenal vein must be preserved in the case of pancreas harvesting, so the 
SMV must be isolated up to the fi rst jejunal vessels in order to be cut there, saving 
the middle colic vein). The Treitz ligament can be cut now. 

 The proximal part of the fi rst jejunal loop is encircled and transected with a GIA 
75 stapler in order to obtain the proximal part of the graft. 

 On the anatomical left side of the middle colic vessels which are going to be pre-
served the transverse colon is encircled and transected with a GIA 75 stapler in order to 
obtain the distal part of the graft. The colon is necessary to orientate the graft and can 
sometimes be used with the graft in order to improve electrolyte and fl uid balance of the 
recipient, but is highly immunogenic and can be responsible for posttransplantation lym-
phoproliferative disorder. The warm phase can be concluded separating the mesenterium 
from the body ligating small lymphatic and vascular vessels, in order to progress to the 
cold phase with the bowel connected to the body by the superior mesenteric vessels only. 

 After heparinization and cross-clamping and venting maneuvers, cold perfusion 
is performed giving an average infusion volume of 50–100 mL/Kg, carefully watch-
ing the intestine as it blanches homogeneously. Ice must be put on the towel, 
wrapped around the small bowel to avoid burns. Notably, cold perfusion reaches the 
small bowel through the SMA only (the inferior mesenteric artery is usually tied), 
and vein drainage is ensured by the SMV through the portal vein. 
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 After liver harvesting and without pancreas procurement, the pancreatic head en 
bloc with the duodenum is separated from the SMV and SMA, starting from the 
pancreatic head (cut previously by liver surgeons) and going towards the right ana-
tomical direction: during this maneuver small head pancreatic veins must be tied. 
With pancreas harvesting, the pancreaticoduodenal block must be removed from the 
mesenterium, keeping the superior mesenteric artery and vein small cuffs with the 
inferior pancreaticoduodenal vessels with the pancreas. 

 Finally, the SMA is cut at the aortic origin (above the right branch if present or 
above the inferior pancreaticoduodenal artery in the event of pancreas harvesting), and 
the SMV is cut at the splenomesenteric confl uence (or above the inferior pancreatico-
duodenal vein in the event of pancreas harvesting), putting a monofi lament stitch on 
the anterior wall (or corner) of the vessels for orientation. Enterectomy is then com-
pleted, and perfusion of the bowel with cold perfusion is performed through the SMA. 

a

bb

  Fig. 24.1    ( a ) Above the 
left renal vein, the isolated 
superior mesenteric artery 
( arrow ) arises from the 
aorta; ( b ) schematic 
representation       
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 A good suggestion is to perfuse all the abdominal viscera, at the end of the warm 
phase, only from the aorta, thus avoiding perfusion of the liver from the inferior 
mesenteric vein to prevent high outfl ow pressure into the superior mesenteric vein. 
In cadaveric donors the superior mesenteric artery is cut proximally to the middle 
colic artery, and the superior mesenteric vein is cut centrally to the emergence of the 
fi rst jejunal vein. Care must be taken to avoid traction on the delicate jejunal veins. 

 The isolated intestinal graft after harvesting includes the entire small bowel and 
the right colon with the stump of the superior mesenteric artery and the superior 
mesenteric vein. At the back-table care must be taken in suturing the large lymphatic 
vessels around the mesenteric artery and to provide good hemostasis; bleeding from 
the mesentery around the SMA after reperfusion can be diffi cult, and excessive trac-
tion on the mesentery can cause tearing of the fi rst jejunal veins. A modifi cation of 
the isolated intestinal transplant together with the pancreas en bloc has recently been 
described. The major difference is that the small bowel is harvested en bloc with the 
duodenum and pancreas. The superior mesenteric artery is harvested possibly with 
an aortic patch, and the splenic artery is anastomosed to a Y-iliac graft together with 
the superior mesenteric artery. The donor iliac artery will then be implanted end-to-
side to the aorta. The venous outfl ow of the entire composite graft is constituted by 
the portal vein, and venous reconstruction will be performed with an end-to-end 
anastomosis between the donor and recipient’s portal vein [ 7 ].  

24.3.2     Combined Liver-Intestine Graft: Donor Procedure 

 After cross-clamping, all the celomatic organs in the donor should be perfused only 
through the aorta. After harvesting of the liver en bloc with gastro-pancreatic- intestinal 
viscera, the donor surgeon performs the total pancreatectomy together with gastrec-
tomy and duodenectomy at the back-table. Of course the total pancreatectomy and 
gastrectomy of the donor can be performed before cross-clamping, but in this case the 
procedure can be time-consuming, can cause blood loss, and can become dangerous 
for the subsequent function of the liver and intestinal grafts. At the end of the donor and 
back-table procedures, the composite allograft should consist of the liver with the infe-
rior vena cava and the bile duct cut at the usual level as in the isolated liver harvesting 
procedure. The liver remains connected to the small bowel plus the right colon through 
the portal vein which is intact. The arterial vascular supply of the composite graft is 
through the hepatic artery and superior mesenteric artery which are kept connected if 
possible with an aortic patch surrounding the takeoff of the celiac axis and SMA.  

24.3.3     Multivisceral Graft: Donor Procedure 

 The donor procedure is similar to the liver-intestine procurement. In this case the 
multivisceral (MV) graft is represented by the liver, stomach, duodenum, pancreas, 
small bowel, and right and transverse colon (Fig.  24.2 ). Before donor aortic cannula-
tion, the right colon and the small bowel are fully mobilized from the retroperito-
neum, completely exposing the infra-renal vena cava and aorta. After an extended 
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Kocher maneuver of the duodenum and pancreas, the spleen and distal pancreas are 
also completely mobilized, and the gastroesophageal junction is cut. Gallbladder 
fl ushing is performed. The liver is harvested together with the hepatic vein’s cuff 
superiorly and the inferior vena cava’s cuff inferiorly (above the renal veins). All the 
maneuvers can be performed in an anticlockwise fashion (right colon, small bowel, 
and transverse colon-spleen and pancreas-esophagus and stomach-duodenum-liver).  

 Once the entire abdominal viscera have been mobilized and the celiac axis and 
superior mesenteric artery identifi ed, the infra-renal abdominal aorta is cannulated, 
then the thoracic aorta is cross-clamped, and perfusion from the aorta of all the 
abdominal organs can begin. 

 The harvesting of the multivisceral graft begins with the harvesting of the supra-
renal aorta en bloc with the takeoffs of the celiac axis and superior mesenteric artery 
and fi nishes with the mobilization of the liver, together with the inferior vena cava 
as in isolated liver retrieval. 

 The back-table procedure involves just securing with stitches the lumbar arteries 
arising from the posterior wall of the suprarenal aorta and ligatures of the lymphatic 
ducts lying around the celiac axis and superior mesenteric artery. 

 In the case of a planned modifi ed multivisceral (MMV) transplant (without the 
liver), the donor liver is separated from the multivisceral gastrointestinal graft by 
cutting the bile duct and the hepatic artery just distally to the donor gastroduodenal 
artery. The portal vein is cut as in the case of combined liver and pancreas harvest-
ing for separate transplants. Usually not much length of the portal vein should be 
left with the multivisceral graft without the liver; any too short portal vein of the 
MMV graft can be corrected with an iliac vein graft or better with the native portal 
vein of the MMV graft recipient. The gastroduodenal artery is usually removed with 

  Fig. 24.2    Multivisceral graft 
represented by the liver, 
stomach, duodenum, 
pancreas, small bowel, and 
right and transverse colon       
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the MV graft, so the hepatic artery must be cut at the proper hepatic artery. The 
pancreas is removed together with the spleen (the spleen is removed at the back-
table if necessary) and en bloc with the duodenum (Fig.  24.3 ). The stomach is sta-
pled on the esophagus with a TA stapler (Fig.  24.4 ). Harvesting is concluded by 
thoracic aortic conduit removal from the donor (to be used as a vascular graft). 
Pyloromyoplasty can be done at the back-table or during the warm phase. Notably, 
during the inspection phase, if the left or right branch for the liver is present, the 
MMV graft must be left: liver transplantation is a life-saving procedure. In this case, 
always keep an isolated small bowel recipient in-house as a backup, in order to use 
the graft anyhow.        

a

b

  Fig. 24.3       Multivisceral 
procurement: ( a ,  b ) the 
pancreas is removed together 
with the spleen (spleen 
removed at back-table if 
necessary) and en bloc with 
the duodenum       
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      Intestinal/Multivisceral Transplantation 

             Antonio     D.     Pinna      and     Chiara     Zanfi    

25.1             The Embryological Basis of Multivisceral/Small Bowel 
Transplantation 

 The grape of the abdominal coelomic organs can be divided from the embryological 
point of view into three portions: the  foregut  (stomach and duodenum) with the 
glandular annexes (liver and pancreas), the  midgut  (small bowel and right colon), 
and the  hindgut  (left colon and rectum). The foregut has an arterial supply provided 
by the celiac axis; the midgut is vascularized from the superior mesenteric artery 
(SMA) and the hindgut from the inferior mesenteric artery (IMA). The foregut with 
the pancreas and the midgut share the same venous outfl ow through the superior 
mesenteric vein (SMV) and portal vein, while the hindgut has two venous outfl ows: 
the inferior mesenteric vein and the hemorrhoidal venous system. The liver, which 
is connected to the foregut and midgut by the portal vein and the biliary system, 
presents a unique double vascular supply which comes from the celiac axis and the 
portal vein and a single outfl ow into the inferior vena cava through the hepatic veins. 

 Transplant of the foregut with the liver has been performed for what was defi ned 
as a “cluster transplant” [ 1 ], but despite providing some useful information for the 
development of intestinal transplantation, it will not be discussed here. 
Transplantation of the hindgut has never been performed due to the complexity of 
the venous outfl ow reconstruction and the possible complications secondary to 
denervation of the rectum. In this chapter we will concentrate primarily on the tech-
nical aspects (see also Chap.   24    ) of transplantation of the midgut (isolated intestinal 
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transplant) alone or in combination with the foregut and liver (multivisceral trans-
plantation) or midgut and foregut alone without the liver (modifi ed multivisceral 
transplantation).  

25.2     Nomenclature 

 Since the initial experience in intestinal transplantation [ 2 ], several combinations of 
the hepato-gastro-enteric systems have been proposed and utilized to treat irrevers-
ible failure of the small bowel or small bowel and liver. Recently, Abu-Elmagd et al. 
[ 3 ] published details of three main types of intestinal/multivisceral transplant based 
on the frequency with which they have been adopted clinically.

    Type I  is the intestinal transplant which considers the transplant of the small bowel alone 
or transplantation of the small bowel en bloc with the colon and/or the pancreas.  

   Type II  is the liver-intestine transplant which refers to the transplantation of the liver 
with the small bowel without the stomach-duodenum and pancreas, where the 
liver is kept in continuity with the midgut just by the portal vein. This type of 
graft requires the preservation of the stomach-duodenum and pancreas of the 
recipient, providing an anastomosis between the native portal vein to the graft 
portal vein or to the recipient inferior vena cava. Also in this combination, the 
donor graft can include the right colon.  

   Type III  is the multivisceral graft transplant, which can be  full  when the gastroen-
teric system together with the liver and pancreas is transplanted en bloc or  modi-
fi ed  when the stomach-duodenum-pancreas and intestine are transplanted en bloc 
without the donor liver. In particular cases this modifi ed multivisceral transplant 
has been performed maintaining also the native pancreaticoduodenal complex 
and the spleen (Fig.  25.1 ).      

25.3     Graft Types and Indications 

 The use of the three main types of intestinal graft has changed over time, depending 
on the experience of the surgical team and the change in indications for intestinal 
transplantation. A paper published in 2009 examined the shifting of graft types over 
time in a large cohort (500 patients) of intestinal transplants performed over an 
18-year period [ 4 ]. Dividing the 18-year experience in intestinal/multivisceral trans-
plantation into three eras, Era I (1990–1994), Era II (1995–2001), and Era III (2001–
2008), the indications rose from 35 % in Era I to 46 % in Era III for isolated intestinal 
transplants and from 20 % in Era I to 34 % in Era III for multivisceral transplantation. 
On the contrary, liver-intestinal transplants (type II) decreased from 45 % (Era I) to 
20 % (Era III) with prevalent indications in pediatric patients. The polarization of the 
intestinal grafts in isolated intestine and multivisceral transplant refl ects an almost 
international attitude and is due to early referrals of irreversible intestinal failure 
patients to transplant centers (isolated intestinal transplants) and the technical com-
plexity of the liver-intestinal transplant compared to multivisceral transplantation.  
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25.4     Isolated Small Bowel Transplantation 

 The main indication for the transplant of the isolated midgut is any intestinal irrevers-
ible failure with normal liver function and no necessity to replace the stomach and the 
duodenum secondary to anatomical damage or dysmotility of these two organs. A 
variety of diseases can be treated with this transplant in adults and children: congenital 

Isolated intestinal graft

Combined liver-intestinal graft

Multivisceral graft 

a

c

b

  Fig. 25.1    Graft types: ( a ) isolated intestinal graft; ( b ) combined liver-intestinal graft; ( c ) multiv-
isceral graft       
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or acquired anatomical shortening of the small bowel, diffuse dysmotility or congeni-
tal intestinal villi dysfunction, and desmoid tumors (see also Chap.   24    ). The small 
bowel can be transplanted alone or in continuity with the right colon to provide better 
absorption; in a few patients, the intestinal graft was transplanted with preservation of 
the enteric nervous ganglia, but no data exist on the outcome of ganglia preservation. 
The isolated intestinal graft can be transplanted reducing its size in the case of a small 
residual abdominal cavity, and of course it can be a perfect type of graft if there is an 
indication for living related transplantation, particularly from adult to child. 

25.4.1     Recipient Procedure 

 After careful laparotomy, a total enterectomy of the recipient’s residual small bowel 
is performed, if needed. The small bowel graft with or without the right colon can 
be revascularized orthotopically or heterotopically. In the fi rst case, the SMA is 
anastomosed end-to-end to the recipient’s SMA with 7-0 Prolene, and the same is 
done with the SMV of the donor and recipient. In the case of previous recipient 
SMA disease, the arterial infl ow should be obtained with an interposition arterial 
graft from the recipient aorta and then with an anastomosis between the donor SMA 
and the arterial graft (Fig.  25.2 ). An orthotopical variant of the venous outfl ow is to 
anastomose the donor superior mesenteric vein end-to-side to the recipient portal 

  Fig. 25.2    Isolated intestine 
transplant (From Bozzetti 
et al. [ 18 ], with permission)       
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  Fig. 25.3    Eterotopic 
revascularization of the 
intestinal graft       

vein. This procedure is sometimes more diffi cult than the others and requires an 
extended mobilization of the recipient’s pancreas and duodenum and exposure of 
the portal vein without damaging the recipient bile duct [ 5 ].  

 In the case of diffi cult dissection of the superior mesenteric vein or previous 
thrombosis of the recipient SMV and if the surgeon does not want to perform an 
orthotopic SMV reconstruction with the portal vein as described previously, a het-
erotopic revascularization of the intestinal graft can be performed (Fig.  25.3 ). In this 
case, after the enterectomy of the residual intestine, the surgeon should expose the 
anterior and lateral walls of the infrarenal aorta and inferior vena cava. After partial 
clamping of the aorta and IVC, an arterial graft and a venous graft from the donor 
are anastomosed end-to-side to the recipient’s large abdominal vessels. Finally, fi rst 
the donor SMA is anastomosed to the arterial graft followed by the anastomosis 
between the donor SMV and the vein graft. It should be emphasized that the hetero-
topical revascularization of the intestinal allograft facilitates its implantation. 
However, special attention should be paid to avoid kinking of the artery and vein by 
excessive length of the two vessels.  

 At the time of the initial clinical experience in small bowel transplantation, there 
was concern about possible native liver dysfunction in using this heterotopical 
venous reconstruction. Later, it was observed that reconstruction of the donor supe-
rior mesenteric vein into the systemic circulation did not cause any liver dysfunction 
and could be considered as effective as direct reconstruction into the portal venous 
system [ 6 ]. 
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 Tzakis et al. [ 7 ] fi rst described the inclusion of the right colon in the isolated small 
bowel transplant graft. The supposed advantage of including the right colon was to 
improve the electrolytes and water absorption by the graft. Initial concerns were the 
possible increase in rejection of the colon segment and the subsequent increase in 
mortality rates of the recipients. In the fi rst review of the results of such composite 
grafts done by the  International Intestinal Transplant Registry  in 2007, patients 
transplanted with isolated intestine together with the colon showed a signifi cantly 
lower requirement of i.v. fl uids or parenteral nutrition early and later after transplan-
tation. Furthermore, no signifi cant differences were reported in terms of mortality or 
rejection when intestine plus colon was compared to small bowel graft alone. 

 Once the graft has been revascularized and hemostasis obtained, the intestinal 
continuity is reconstructed proximally with the fourth portion of the duodenum or 
the stomach of the recipient. Distally the small bowel or the right colon is recon-
structed with the remaining left colon or sigmoid colon. In some conditions, an 
endorectal pull-through with sphincter preservation and rectal mucosectomy is indi-
cated. This quite diffi cult procedure can be indicated in cases of multiple juvenile 
polyposis extended into the rectum or in the case of Hirschsprung’s disease with 
diffuse dysmotility extended from the rectum to the jejunum [ 7 ]. After bowel recon-
struction, the surgery ends with the feature of the terminal ileostomy, having fi rst 
placed an enteric feeding tube into the intestinal allograft. The distal stoma is neces-
sary in order to obtain easy access to the intestinal allograft for intestinal biopsy and 
endoscopy. Some centers also advocate creating a proximal stoma to improve the 
immunological monitoring of the graft also for enteral nutrition. Of course, depend-
ing on personal choices, it is better to remember that stomas need to be closed at 
some time, and stoma closure is not without complications in such patients. The 
distal stoma is without question an extreme need for immunological monitoring; for 
differential diagnosis during the follow-up endoscopies, it is important to observe 
the bowel mucosa and perform biopsies of the allograft intestine and of the native 
bowel. Nutrition of the allograft can be obtained placing a transgastrostomy feeding 
tube long enough to reach the lumen of the allograft intestine.   

25.5     Combined Liver-Intestine Transplantation 

 This composite graft, together with isolated intestinal transplantation, was one of 
the fi rst models of intestinal transplant performed. The principal indications consist 
of irreversible intestinal failure combined with cholestatic cirrhosis with portal 
hypertension. The main patient population which may require this type of allograft 
is pediatric. The combination of a liver-intestine allograft invariably requires the 
sparing of the native stomach-pancreas and duodenum with preservation of their 
vascular supply through the native celiac axis and superior mesenteric artery and 
providing the venous outfl ow through a portacaval shunt to be performed before 
vascular anastomosis of the composite graft. Due to the fact that this type of allograft 
was used more often in children, several kinds of reduced size grafts have been 
performed. 
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25.5.1     Recipient Procedure 

 After removal of the residual small bowel and colon, the total native hepatectomy 
is performed with the piggyback technique. After the dissection of the native bile 
duct, the hepatic artery is cut distal to the gastroduodenal artery. The portal vein 
is clamped and cut up into the hilum. At this point, with the liver devascularized, 
the native proximal portal vein is anastomosed to the native inferior vena cava in 
end-to- side fashion with running sutures and unclamped to avoid congestion of 
the native gastro-pancreatic-duodenal bloc. After complete mobilization of the 
native liver, hepatectomy is performed after clamping of the hepatic vein 
confl uence. 

 The liver-intestine allograft is then placed on the surgical fi eld, and the fi rst arte-
rial reconstruction is performed. This can be done anastomosing the donor aortic 
patch on the anterior wall of the recipient’s infrarenal aorta or, more easily, anasto-
mosing fi rst a segment of the donor’s thoracic aorta end-to-side to the anterior wall 
of the infra-renal recipient aorta, followed by the anastomosis of the aortic carrel 
patch including the takeoff of the donor celiac axis and SMA to the aorta conduit in 
end-to-end fashion with running sutures. There are two main pitfalls in this kind of 
arterial reconstruction: (a) if the aortic patch around the donor SMA is too short, the 
inferior wall of the aorta conduit may partially close the takeoff of the SMA; (b) if 
the aortic conduit is too long, this can kink, producing a critical arterial fl ow to the 
SMA or both SMA and celiac axis. 

 After completion of the arterial reconstruction, the liver is put in place in the 
right sub-diaphragmatic space, and the venous outfl ow is reconstructed, anastomos-
ing the donor inferior caval vein to the confl uence of the recipient’s hepatic veins. 
Only at this point is the liver-intestine allograft reperfused through the arterial 
reconstruction. Once complete hemostasis has been obtained, the intestinal continu-
ity is performed, anastomosing fi rst the proximal donor jejunal loop to the donor 
bile duct, followed by the anastomosis between the native fourth portion of the 
duodenum to the allograft jejunum and, fi nally, by the anastomosis between the 
native colon and the allograft last ileal loop just proximally to the segment of donor 
ileum which can be exteriorized for the temporary ileostomy (Fig.  25.4 ). A jejunal 
feeding tube is placed through a gastrostomy and pushed into the allograft jejunum 
through the duodenal-jejunal anastomosis.   

25.5.2     Pitfalls of the Liver-Intestine Transplant Technique 

 Besides the arterial pitfalls described before which are rare but possible, there are 
two other major pitfalls in this procedure which we should be aware of. The fi rst and 
the most frequent is the biliary tract reconstruction. Biliary complications second-
ary to the biliary-jejunal anastomosis are similar in rate to what one should expect 
after roux-en-Y biliary reconstruction in pediatric liver transplantation. The major 
concern is that in over-immunosuppressed patients, like intestinal transplant 
patients, this can become a life-threatening complication if not diagnosed promptly. 
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 The second pitfall is due to the absence of supporting tissue around the donor’s 
portal vein/superior mesenteric vein conduit which, after total pancreatectomy, can 
become too long and prone to kinking and portal vein thrombosis. 

 In order to avoid these two possible complications, such as biliary stricture/leak-
age or portal vein kinking, several modifi cations to the original technique as 
described previously have been proposed. 

 Initially, the group from Omaha proposed performing (at the back table) a subto-
tal donor pancreatectomy, leaving the donor duodenum and the head of the pancreas 
in continuity with the donor bile duct, thereby avoiding biliary reconstruction and 
leaving some pancreatic tissue anterior to the donor portal vein. Although it is true 
that this method avoided two possible complications, a different one was described 
following this modifi cation: a pancreatic fi stula from the suture of the pancreatic 
remnant. The natural evolution of the in any case brilliant idea of the Omaha group 
was the one proposed later by the Miami group, which considered transplanting the 
entire donor pancreas and duodenum in continuity with the donor liver and small 
bowel. With this latest evolution of the liver-intestine allograft transplantation, the 
recipient will end the transplant with two pancreata, no biliary anastomosis, and less 
chance of portal vein kinking. No evidence of dangerous hypoglycemic episodes 
had been reported with the presence of two functioning pancreata.  

  Fig. 25.4    Combined 
liver-intestine transplantation 
(From Bozzetti et al. [ 18 ], 
with permission)       
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25.5.3     Allograft Size Reduction 

 The presence of size discrepancies between donor and recipient may sometimes 
require graft size reduction in order to accomplish the full or partial closure of the 
abdominal cavity. The allograft size reduction can be obtained by reducing the liver, 
the small bowel, or both. 

 The liver reduction can be obtained with resection of the left lobe, transplanting 
the right trisegmental liver allograft or transplanting the left lateral segment after 
considerable reduction of the liver allograft [ 8 ]. 

 The small bowel can be reduced by resecting the mid jejunum, avoiding deleteri-
ous functional loss of the transplanted bowel. The two graft reductions can be com-
bined in the case of large size discrepancies. 

 Abdominal wall transplantation has been described to solve this frequent prob-
lem of size (see Chaps.   26     and   27    ).   

25.6     Multivisceral Transplantation 

 Multivisceral abdominal transplantation with the liver was fi rst described in dogs by 
Starzl in 1960 [ 9 ]. It was the fi rst type of intestinal transplant performed clinically, 
and centers performing multivisceral transplantation nowadays substantially adopt 
the same surgical technique as then [ 10 ]. There are several indications for perform-
ing a multivisceral transplantation, schematically: any kind of irreversible intestinal 
failure which causes irreversible liver failure and where the need to remove the 
stomach and the pancreas is due either to extension of the disease to these upper 
abdominal organs or because of vascular damage to the celiac axis and/or the supe-
rior mesenteric artery.  Short bowel syndrome with liver failure  and complete 
 splanchnic venous thrombosis  are the main stems of the various diseases that can be 
treated with a multivisceral transplantation.  Gardner ’ s syndrome with desmoid 
tumors  in the mesenteric root infi ltrating the visceral arteries is another well- 
accepted indication for multivisceral transplantation. There are also several hollow 
visceral myopathies or neuropathies that can benefi t from a multivisceral transplant 
sparing the native liver (see also Chap.   24    ). 

25.6.1     Recipient Procedure 

25.6.1.1     Full Multivisceral Graft 
 The surgical procedure in candidate recipients for a full multivisceral graft (with the 
liver) is quite simple, requiring the resection of all the remaining bowel, a total gas-
trectomy combined with total pancreatectomy, and a total hepatectomy with pig-
gyback technique. Despite the easy principles of the pre-implant phase of the 
procedure, the surgery can sometimes be severely complicated by the presence of 
portal vein collaterals with bleeding from portal hypertension in patients who have 
often undergone previous multiple surgery and have dense vascularized adhesions. 
In order to decrease the risk of large amounts of blood loss, several strategies have 
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been adopted. One possibility is to perform a transfemoral arterial embolization of 
the celiac axis and superior mesenteric artery once the donor surgeon has given 
assurance of the organs’ quality. Another way is to start, after laparotomy, with dis-
section of the recipient’s gastroesophageal junction. After the stomach has been 
mobilized from the esophagus and the left lobe of the liver mobilized and rotated to 
the right, the retro-gastric space is open, and the surgeon can attempt to clamp the 
celiac axis from above. The successful dearterialization of the stomach, pancreas, 
spleen, and liver can permit a relatively bloodless mobilization of the spleen and 
pancreas so as to obtain a left access to the proximal trunk of the superior mesen-
teric artery which can then also be clamped. Once control of the main arteries has 
been achieved, the fi nal dissection of the stomach, pancreas, and remaining small 
bowel can be easily performed, leaving the proximal trunk of the celiac axis and 
superior mesenteric artery clamped. At this point, the hepatectomy with piggyback 
technique can be completed, leaving a clamp on the hepatic vein confl uence.  

25.6.1.2     Modified Multivisceral Graft 
 In patients where the liver is not required, the important step of the demolition part 
of the procedure is the isolation and sparing of the entire hepatic artery. Once the 
bile duct has been cut, the proper hepatic artery is visualized and followed proxi-
mally. The right gastric artery, the gastroduodenal artery, and all the pancreatic arte-
rial branches arising from the hepatic artery are cut between ligatures. The hepatic 
artery is followed as far as its origin from the celiac axis. After the left gastric artery 
has been cut between ligatures, the splenic artery is carefully dissected just at its 
emergence from the celiac axis and cut between ligatures. The ligature on the proxi-
mal stump of the splenic artery is reinforced with a stitch. At this point, the stomach 
is cut at the level of the cardias. The spleen and distal pancreas are mobilized from 
left to right, and a Kocher maneuver of the duodenum and head of the pancreas is 
performed. The proximal trunk of the superior mesenteric artery is visualized and is 
clamped and cut. With the entire gastro-pancreatic-intestinal bloc in the surgeon’s 
hands, the portal vein is clamped distally toward the liver and cut as low toward the 
superior mesenteric vein as possible, obtaining a good length of portal vein which 
can be useful if the donor portal vein should be too short.  

25.6.1.3     Vascular Reconstruction (Full Multivisceral 
and Modified Multivisceral Graft) 

 Once perfect hemostasis has been obtained, the arterial reconstruction of the multi-
visceral graft must be done fi rst. Several kinds of arterial reconstructions have been 
described, all of them suggesting, in one way or another, the need to keep the takeoff 
of the celiac axis and superior mesenteric artery together and the use of the donor 
aorta. The infrarenal donor abdominal aorta can be anastomosed directly to the 
recipient infrarenal or supraceliac aorta end-to-side. The same kind of aortic-aortic 
anastomosis can be performed using fi rst a segment of the donor thoracic aorta as an 
aortic conduit. The open end of the donor abdominal aorta with the celiac axis and 
superior mesenteric artery can be closed with a patch of donor aorta to avoid slip-
ping of the ligature or, even worse, dissection of the aortic intima [ 11 ]. Girlanda 
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et al. [ 12 ] have also described other methods of rearterialization of a multivisceral 
graft in the case of multiple visceral arterial anomalies [ 12 ]. 

 The venous outfl ow is usually performed anastomosing the suprahepatic donor 
inferior vena cava to the confl uence of the recipient’s hepatic veins (Fig.  25.5 ). 
Sometimes, the donor suprahepatic cava is anastomosed in piggyback to the recipi-
ent retrohepatic inferior vena cava if there is discrepancy between the donor inferior 
caval vein and the recipient hepatic vein confl uence.  

 The only difference in the vascular reconstruction of the  modifi ed multivisceral 
graft  lies in the reconstruction of the venous outfl ow of the graft which is done by 
anastomosing the two portal veins end-to-end (Fig.  25.6 ). In a large cohort of 100 
consecutive multivisceral transplants performed at the University of Miami, the 
arterial reconstruction was principally performed with an anastomosis to the recipi-
ent infrarenal aorta with an interposed aortic conduit. The venous outfl ow was 
always with a portal-vein-to-portal-vein anastomosis in patients receiving a  modi-
fi ed multivisceral graft . In more than two-thirds of recipients receiving a  full multi-
visceral graft , the venous outfl ow was obtained with an anastomosis between the 
donor suprahepatic vena cava to the hepatic vein confl uence of the recipient [ 13 ].   

  Fig. 25.5    Multivisceral 
transplantation (From 
Bozzetti et al. [ 18 ], with 
permission)       
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25.6.1.4     Intestinal Reconstruction 
 Gastrointestinal continuity is achieved by performing fi rst an esophagogastric 
anastomosis and completed with the anastomosis between the donor intestine and 
the native colon just proximally to the end ileostomy. In the case of a  modifi ed 
multivisceral  transplantation, a biliary reconstruction is required. This is usually 
achieved with a duct-to-duct biliary anastomosis over a T-tube. Because of the 
inevitable intestinal organ denervation, a pyloroplasty is performed for gastric 
drainage.  

25.6.1.5     Technical Variants 
 Some further modifi cations of the  modifi ed multivisceral transplant  have been pro-
posed for different reasons. In 2007, Matsumoto proposed performing a multivis-
ceral transplant sparing not only the liver but also the native pancreas and spleen in 
the recipient [ 14 ]. Others proposed the same type of multivisceral transplant, pre-
serving only the native spleen but with a total pancreaticoduodenectomy of the recip-
ient [ 15 ]. According to the authors who proposed the preservation of the native 
spleen and pancreas, the advantages of this procedure are the decreased risk of infec-
tion and/or posttransplant lymphoproliferative disease. The preservation of the native 

  Fig. 25.6    Modifi ed 
multivisceral transplantation 
(From Bozzetti et al. [ 18 ], 
with permission)       
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pancreas and the presence at the end of the transplant of two functioning pancreata 
can increase the islet cell mass, thus reducing the risk of posttransplant diabetes.    

25.7     Special Issues in Intestinal/MV Transplantation 

25.7.1     To Spleen or Not to Spleen 

 Recently several centers have suggested including the donor spleen in the case of 
 liver - intestine  type or  multivisceral type  transplantation. Technically speaking, 
there are no particular issues except for the fact that extreme care should be taken to 
avoid tearing the splenic capsule and rotation of the spleen around the axis of the 
splenic artery and vein. The primary objective of including the spleen in such types 
of intestinal transplants is to improve the recipient’s defense against infections by 
avoiding the asplenic state; a secondary aim is the possibility of reducing rejection 
by increasing the mass of immunocompetent cells of donor origin according to the 
expansion-deleting leukocytes theory for tolerance induction in solid organ trans-
plantation. However, despite a few reported cases and some spleens having to be 
taken out secondary to surgical complications, some patients who underwent intes-
tinal transplantation with the donor spleen developed severe immune hemolysis. 

 In a series published by the Miami group in 2009, the authors concluded that 
including the spleen in multivisceral transplantation can be performed without signifi -
cantly increasing the risk of graft-versus-host-disease [ 16 ]. However, the allogeneic 
spleen seems to have a modest protective effect on small bowel rejection, and autoim-
mune hemolysis is a concern, and this issue defi nitely requires further investigation.  

25.7.2     The Kidney 

 Renal failure is one of the most frequent long-term complications after intestinal 
transplantation. High levels of immunosuppression for a longer time need antifun-
gal therapy, and dehydration from enteric losses before and after transplant, in the 
case of graft dysfunction, is the main reason why a higher rate of patients develops 
chronic renal failure after small bowel transplantation. This complication becomes 
almost inevitable in patients who undergo retransplantation of the small bowel. For 
this small group of patients, associating a kidney transplant at the same time as the 
intestinal transplantation has been advocated. The kidney graft can be classically 
transplanted eterotopically in the right lower abdominal quadrant or alternatively, in 
the case of multivisceral transplantation, en bloc with the multivisceral graft, keep-
ing the renal artery in continuity with the abdominal aorta and the visceral vessels. 
The renal vein in this case can be reconstructed end-to-side to the inferior caval vein 
of the recipient before the outfl ow reconstruction of the multivisceral graft. The 
reconstruction of the donor’s ureter will be done with the usual technique, attaching 
it to the recipient’s bladder or alternatively, if too short, to the recipient’s ureter [ 17 ].      
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      Abdominal Wall Transplantation 
and Technique 

             Riccardo     Cipriani      ,     Luca     Negosanti      ,     Valentina     Pinto      , 
    Rossella     Sgarzani      ,     Chiara     Gelati      , and     Federico     Contedini     

26.1             Introduction 

 Many patients undergoing intestinal or multivisceral transplantation may encounter 
severe abdominal wall closure problems at the end of transplantation, resulting in 
increased morbidity and mortality. Properly cover transplanted organs is mandatory 
to reduce postoperative complications. 

 The candidates for intestinal, or multivisceral transplantation, may have a past 
history of complete midgut removal with the loss of the domain of the abdominal 
compartment or have severely damaged abdominal walls from repeated laparoto-
mies or enterocutaneous fi stulae (Fig.  26.1 ). The closure of the abdominal wall after 
intestinal transplantation may represent a signifi cant problem, particularly in 
patients with previous abdominal surgery, because of the restricted volume of the 
recipient abdominal cavity, the donor–recipient size discrepancy, and the occur-
rence of intraoperative edema of the intestinal loops (Fig.  26.2 ) [ 1 ].   

 The main problems that may lead to a diffi cult abdominal closure are [ 2 ,  3 ]:

•    Multiple previous laparotomies  
•   Enterocutaneous fi stulae  
•   Donor to recipient unfavourable weight ratio  
•   Postoperative edema  
•   Presence of scar and fi brosis from previous surgery    
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 Furthermore, in this kind of transplantation, diversion stomata and intraperito-
neal drains are required, leading to a challenging abdominal wall closure. 

 Abdominal closure under tension might result in a wide range of complications, such 
as wound dehiscence, infections, necrosis, exposure of bowel loops, vascular thrombo-
sis of the graft, abdominal compartment syndrome, and respiratory complications [ 4 ]. 

  Fig. 26.1    Patient candidate 
for abdominal wall 
transplantation. The wall is 
severely damaged from 
repeated laparotomies and 
enterocutaneous fi stulae       

  Fig. 26.2    At the end of bowel transplantation, the recipient abdominal wall is not able to properly 
cover the graft       
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 For all these reasons, abdominal wall transplantation was proposed for closure of 
patients undergoing both intestinal and multivisceral transplantation. The use of a com-
posite tissue allograft in such patients has the main advantage of solving a big problem 
without requiring further immunosuppression. Abdominal wall transplantation is a 
feasible and safe procedure: it allows primary closure of the abdomen, avoids the 
potential morbidity of exposed viscera, and permits early mobilization and rehabilita-
tion of these patients. The technique was fi rst described by Levi et al. in 2003 [ 5 ], and, 
nowadays, whenever possible, it is the fi rst choice to overcome a diffi cult closure. 

 The procurement of the abdominal wall graft does not interfere with the procure-
ment of other organs and tissues. Transplantation of the abdominal wall composite 
graft can take place during the intestinal transplant procedure or several days later 
with a graft from a different donor. Delaying implantation of the abdominal wall 
graft allows perioperative edema to diminish before abdominal closure and the 
patient’s condition to stabilize. This strategy may be preferable when the recipient 
has a particularly large defect in the abdominal wall: in these cases a temporary 
negative pressure therapy is applied to reduce the infection risk. 

 In 2006 [ 6 ], our group described the fi rst cases of abdominal wall transplantation 
performed with microsurgical technique, comparing our approach and Levi’s one. 
Nowadays, the microsurgical approach is well defi ned, and the technique is 
standardized.  

26.2     Surgical Technique 

 The abdominal wall composite graft described by Levi is a full-thickness, vascular-
ized, myocutaneous free fl ap. In the original description, it consists of one or both 
rectus abdominis muscles, with the investing fascia, the overlying subcutaneous 
tissue, and the skin, and the blood supply is derived from the donor inferior epigas-
tric vessels, left in continuity with the larger iliac vessels. Procurement of the graft 
was done as part of the cadaveric, heart-beating donor, multiorgan procurement 
procedure [ 7 ,  8 ]. The procedure began with a bisubcostal incision. Longitudinal 
incisions were made following both lateral edges of the rectus muscles. These inci-
sions were continued into the groins bilaterally. The common iliac vessels were 
identifi ed. Finally, a transverse, suprapubic incision was made, connecting the two 
longitudinal incisions. The abdominal wall graft was packed with ice in situ during 
other organs procurement; then the distal aorta was cannulated, and the graft was 
fl ushed with cold preservation solution. The graft was removed in one piece with 
the iliac vessels, with a short segment of distal aorta and inferior vena cava. Closure 
of the donor’s abdomen was facilitated by mobilizing skin and subcutaneous tissue 
fl aps from the lateral abdomen and fl anks. 

 The abdominal wall graft is transplanted as a separate organ. The inclusion of an 
abdominal wall graft added about 2 h to the procedure’s operative time. The vessels 
of the abdominal wall graft were implanted into the recipient’s common iliac artery 
and vein. Alternatively, the infrarenal aorta and inferior vena cava can be used as 
recipient vessels. 
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 The graft was sutured in layers to the recipient’s abdominal wall during closure 
of the abdomen. The graft, with its long vascular pedicle, was rotated and positioned 
according to location of the abdominal wall defect. The skin of the abdominal wall 
graft was left intact; normal skin color indicated adequate perfusion. The fl ow 
through the inferior epigastric vessels of the graft was monitored with a handheld 
Doppler ultrasound device. Biopsies of the skin of the graft were undertaken ran-
domly and when rejection was suspected on clinical grounds.  

26.3     Microsurgical Technique 

 The microsurgical approach was introduced in S.Orsola-Malpighi Hospital in 
Bologna in 2006 [ 6 ]. Abdominal wall harvest is part of a multiorgan procurement. 
The fl ap consists in a median oval cutaneous isle extended from xiphoid to pubis and 
from one oblique muscle to the other; the fl ap is composed of cutaneous and 
 subcutaneous tissues, both rectus abdominis muscles and a small part of the oblique 
ones, the deep muscular sheet, and parietal peritoneum (Fig.  26.3 ). The vascular 

  Fig. 26.3    Preoperative 
drawing on donor abdominal 
wall       
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pedicle consisted in the deep inferior epigastric arteries and veins, isolated bilaterally, 
if possible. The fl ap is designed and harvested by a microsurgeon. Flap harvesting 
starts with a superior incision made until trough skin and subcutaneous tissues includ-
ing the deep fascia under rectus muscles; then the fl ap is dissected preserving later-
ally a small part of oblique muscles. The dissection is stopped at the inferior edge of 
the fl ap, and the abdominal fl ap is turned over to face downwards to allow the pro-
curement of the other abdominal organs. During this phase, the fl ap is packed with 
cold water and ice, while the other organs are fl ushed with preservation solution dur-
ing their harvesting. After that, the pedicles of the abdominal wall fl ap are sectioned 
at the origin from iliac vessels (Fig.  26.4 ). A further cold perfusion is performed 
through incannulation of the two epigastric arteries; the abdominal graft is then 
stored in a conservation container with ice. Donor site is repaired by direct closure, 
after generous undermining of the residual lateral abdomen and fl anks tissues.   

 The abdominal wall transplantation is performed after abdominal organs trans-
plantation. The donor epigastric pedicles are anastomosed end-to-end with the 
recipient epigastric vessels or with the circumfl ex deep inferior vessels, as second 
choice (Fig.  26.5 ). Microsurgical abdominal wall transplantation procedure added 
about 2 h to the operative time. The fl ap is then sutured in multiple layers to the 
recipient residual abdominal wall. First the deep fascia layer is sutured, and then the 
oblique muscles, subcutaneous tissues, and skin are sutured. The patient is dressed 
leaving a window to allow continuous monitoring of fl ap vitality. Monitoring con-
sists in a clinical follow-up considering capillary refl ow and fl ap temperature. Skin 
biopsies are performed in the navel to monitor graft rejection every week for at least 
1 month. Sutures are removed after 15 days (Fig.  26.6 ).    

  Fig. 26.4    Abdominal wall fl ap at the end of harvesting from donor       
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  Fig. 26.5    End-to-end 
anastomosis between the 
graft pedicle and recipient 
epigastric inferior vessels       

  Fig. 26.6    Result after 
4 years from abdominal wall 
transplantation       
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26.4     Discussion 

 Primary abdominal closure after intestinal or multivisceral transplantation is often 
impossible: the candidates to these transplantations have undergone multiple intes-
tinal resections and present therefore a heavily scarred abdominal wall; moreover 
the abdominal cavity is often a virtual space [ 1 ,  9 ]. 

 Another factor precluding a primary abdominal closure may be donor–recipient size 
mismatch. Fishbein et al. [ 10 ] reported that the most acceptable donor–recipient weight 
ratio is between 1.1 and 0.76, meaning that, ideally, donor and recipient sizes should be 
kept as close as possible. Several previous laparotomies and of partial/total enterectomy 
were predictive of diffi cult closure of the abdomen, even if the reported ratio is respected. 

 On the other hand, any attempt to close under tension might result in a wide 
range of complications, such as wound dehiscence, infections, necrosis of bowel 
loops, vascular thrombosis of the graft, abdominal compartment syndrome, and 
respiratory complications [ 4 ]. 

 In such cases abdominal wall closure can be achieved with several methods: 
methods to reduce the graft volume, use of prosthetic mesh, previous abdominal 
wall expansion, pedicled fl ap, negative pressure therapy and subsequent skin graft, 
free fl ap, and abdominal wall transplantation. 

 There are several intraoperative maneuvers that can be performed routinely to 
reduce the graft volume and help achieve primary fascial closure. 

 Successful abdominal wall closure is most often obtained using donor that are 
50–100 % the size of the recipient according to body weight. Overresuscitation with 
fl uids should be avoided, and colloid solutions should be used if possible. Moreover 
all dysfunctional remnant bowels should be removed, and all adhesions should be 
lysed to completely develop all potential intraperitoneal space. Other space-creating 
options include splenectomy. However, caution is warranted because inferior out-
comes were reported in recipients undergoing splenectomy mainly attributable to 
death from posttransplant sepsis. 

 Another method to assist with size discrepancy is a partial resection of trans-
planted intestine. However, it is important to leave children with a signifi cant length 
of donor intestine that provides an ample margin for adequate absorption and func-
tion. If partial enterectomy is performed, it is better to resect the midportion of the 
bowel, leaving proximal jejunum and distal ileum for physiologic reasons. 

 A prosthetic mesh can be considered if the abdominal wall defect is partial: it 
provides satisfactory control of size discrepancy and protects the bowel from external 
injuries. The wound is left temporarily open over the mesh, with a dressing, and the 
mesh can represent a bridge for a defi nitive closure primarily or by a pedicled fl ap or 
alternative solutions, to be performed when the edema is reduced. The prosthetic 
material allows a quick recovery, but unfortunately it may present two important 
complications: infections of the mesh and formation of enterocutaneous fi stulae [ 11 ]. 

 Another option can be the pretransplant placement of intra-abdominal tissue 
expanders or peritoneal dialysis catheters for the expansion of the intra-abdominal 
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cavity by progressive instillation of fl uid. Neither of these techniques demonstrated 
to be a good option. First of all, timing is very diffi cult, as it is impossible to foresee 
the availability of donor organs that are in critical short supply. Second, most of 
these patients have had multiple prior abdominal operations and present extensive 
intra-abdominal adhesions. Third, many candidates to multivisceral transplantation 
present portal hypertension; therefore, they are at high risk for pretransplant opera-
tions. Last, the use of foreign bodies is at risk for pretransplant infections. 

 Pedicled fl ap closure is possible with the collaboration of a plastic and reconstructive 
surgeon: it allows one stage closure avoiding the placement of alloplastic materials, but it 
is associated with longer operative time and an additional donor site wound. The pedicled 
anterolateral thigh (ALT) fl ap is the gold standard allowing the repair of medium- and 
large-sized defects [ 12 ]. ALT fl ap is a fasciocutaneous or cutaneous fl ap from the thigh, 
supplied by perforators of the descending branch of the lateral circumfl ex femoral artery, 
a branch of profunda femoris artery. The fl ap receives its blood supply through perfora-
tors (it is a perforator fl ap), musculocutaneous or septocutaneous, the former being the 
more common. The usefulness of the ALT fl ap for abdominal wall reconstruction was 
fi rst reported by Kimata et al. in 1999 [ 13 ] in a series of four free fl aps and three pedicled 
fl aps. Its use as a pedicled fl ap has become very popular for abdominal wall reconstruc-
tions as it does not require microsurgical anastomosis. Moreover, the wide arc of rotation 
and long pedicle allow to reconstruct even proximal abdominal defects, and the fascia 
lata can be incorporated to prevent hernia formation [ 14 ]. The pivot point of the pedicled 
ALT fl ap is approximately 2 cm below the inguinal ligament, corresponding to the origin 
of lateral circumfl ex femoral artery [ 15 ]. The cutaneous territory of the fl ap extends from 
the greater trochanter to above the patella and involves more than half of the circumfer-
ence of the thigh [ 16 ]. The donor site can be closed primarily or with a skin graft [ 17 ]. 

 In our opinion, whenever possible, abdominal wall transplantation is the best 
option to overcome diffi cult closures [ 6 ]. 

 It is a feasible and safe procedure: it allows primary closure of the abdomen, 
avoids the potential morbidity of exposed viscera, and permits early mobilization 
and rehabilitation of the patients. 

 Composite tissue allografts have become important tools for reconstructive sur-
geons. Face and hand transplantation allows incredible aesthetic and functional 
reconstructive results [ 18 – 20 ] but has the major drawback of requiring a lifetime 
immunosuppression. 

 As previously mentioned, abdominal wall defects can be repaired also using autol-
ogous fl aps like pedicle anterolateral thigh fl ap [ 21 ,  22 ] or free fl aps [ 23 ,  24 ], but these 
methods increase the operation morbidity because they prolong the operative time 
and produce a donor site wound. On the other hand, the patients undergoing intestinal 
or multivisceral transplantation are anyway administered lifetime immunosuppres-
sion; therefore, they are perfect candidates for composite tissue allotransplantation. 

 In Levi’s fi rst description, the abdominal wall transplant was vascularized by 
iliac vessels harvested bilaterally with a short segment of distal aorta and inferior 
cava vein from the donor. The removal of these pedicles deprives vascular surgeons 
of useful vascular grafts; therefore, microsurgical technique was proposed to pre-
serve the donor’s iliac vessels (Fig.  26.7 ).  
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 Microsurgical technique allows to harvest in the same operative time an abdomi-
nal fl ap without impairment to other organs or pedicles, without vascular complica-
tions, saving the donor’s iliac vessels to use as vascular grafts. 

a

b

c

  Fig. 26.7    Comparison 
between Levi’s technique ( a ) 
[ 1 ] and microsurgical 
technique of fl ap 
revascularization based on 
bilateral ( b ) or monolateral 
( c ) deep inferior epigastric 
pedicles anastomosis       
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 The collaboration with reconstructive surgeons expert in microsurgery is needed 
to perform abdominal wall transplantation with the same operative time as Levi’s 
technique (2 h) and without increasing the risk of vascular thrombosis. 

 If the collaboration with an expert microsurgeon is not possible in our opinion, 
Levi’s technique needs to be preferred. 

 If we compare the outcomes of the two different techniques, we can state that 
with Levi’s technique a reversible cutaneous rejection was reported in four patients 
and three vascular complications with loss of the graft (on 14 patients), while with 
our microvascular technique no cutaneous rejection episodes nor vascular compli-
cations were observed on fi ve patients [ 25 ]. 

 Transplantation of the abdominal wall composite tissue allograft can take place 
during the intestinal transplant procedure or several days later with a graft from a 
different donor. Delaying implantation of the abdominal wall graft allows periop-
erative edema to diminish before abdominal closure and the patient’s condition to 
stabilize. This strategy may be preferable when the recipient has a particularly large 
defect in the abdominal wall. 

 At the moment abdominal wall transplantation has always been used as a cover-
age fl ap allowing good aesthetic results. In literature there is not any report of suc-
cessful reinnervation of the abdominal graft muscles that is defi nitely advisable in 
the future, in order to improve in the long term the organs contention and patient’s 
every day activities.     
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      Anesthetic and Perioperative 
Management for Intestinal 
Transplantation 

             Antonio     Siniscalchi      ,     Lorenzo     Gamberini      , 
and     Stefano     Faenza     

27.1             Preoperative Evaluation of Small Bowel Transplant 
Candidates 

27.1.1     Clinical and Laboratory Evaluation 

 Most patients with irreversible intestinal failure have considerable comorbidities; 
hence, they are rigorously pre-assessed by a multidisciplinary team to establish car-
diovascular fi tness, risk profi le, and vascular access strategy. Chronic treatment with 
TPN may result in chronic vascular thrombosis at various access sites. For this rea-
son, the evaluation of venous access with venous Doppler studies and venous angi-
ography is particularly important during the initial assessment of the patient, because 
it helps avoiding as much as possible a long and distressing search for a vein in the 
operating room, which can result in a delay of the start of the procedure and a poten-
tial increase of the ischemia time of the graft. Laboratory evaluation for intestinal 
failure includes complete blood count; assessment of metabolic, acid–base, fl uid, 
electrolyte, and coagulation status (antithrombin III-defi cient patients are more 
likely to suffer from perioperative thrombotic events); as well as standard liver and 
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renal function tests [ 1 ]. Testing of the patient’s cardiopulmonary status should 
include electrocardiogram and chest radiography. A 2D echocardiogram is helpful 
to screen for gross abnormalities, and if clinically indicated, pulmonary function 
studies and a dobutamine stress echocardiography should be considered [ 2 ,  3 ].  

27.1.2     Monitoring 

 Routine monitoring with ECG, oxygen saturation, and noninvasive blood pressure is 
established before the induction of anesthesia. Two large-bore cannulas and prefera-
bly two separate arterial lines are inserted. Pulmonary artery fl otation catheters, 
esophageal Doppler, PiCCO, LIDCO, and transesophageal echocardiography are all 
used in different centers. Transesophageal echocardiography (TEE) is the fi rst choice 
in patients with thrombosis of the upper circulation. It allows a noninvasive assess-
ment of myocardial function and aids in the management of the patient’s volume 
status (fl uid volume and inotrope drugs titration). Early diagnosis of thromboembolic 
events is another advantage of this technique [ 4 ]. Pulse contour analysis for measure-
ment of cardiac output (PiCCO) is another less invasive modality than pulmonary 
arterial catheterization. This device enables also the assessment of intravascular blood 
volume and therefore guides correct intraoperative fl uid management [ 5 ]. Coagulation 
monitoring is best provided by thromboelastogram (TEG) although platelet count, 
activated prothrombin time, thromboplastin time, fi brinogen, and fi brinogen decay 
products can also supply information and guide reintegration therapy [ 4 ].   

27.2     Intraoperative Management of Small Bowel 
Transplantation 

27.2.1     Anesthetic Induction and Maintenance 

 Meticulous positioning of the patient on the operating table is mandatory. The 
patient is positioned supine with both arms either carefully positioned at the patient’s 
side or one or both arms abducted to a maximum of 70° to protect against brachial 
plexus injury. Maintaining normothermia represents a major challenge. Warm air 
convection heating blankets are positioned below and above the patient, with the 
lower chest and abdomen exposed for surgical access. Thromboembolic deterrent 
stockings and calf compression devices should be considered, as these patients are 
at increased risk of thromboembolic complications, but should be removed during 
the anastomotic phase when the aorta is partially clamped. Anesthesia typically 
begins with a rapid sequence induction, which is made necessary by the emergent 
nature of the surgery. An arterial catheter is placed either before or shortly after 
induction; continuous fi ve-lead electrocardiography monitoring, pulse oximetry, 
capnography, and end-tidal gas analysis, and esophageal temperature are the mini-
mum monitoring for patients undergoing intestinal transplantation. Following 
induction, a broad-spectrum antibiotic is administered; a nasogastric tube is inserted 
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and carefully secured as postoperative displacement would require replacement 
under direct vision because of the risk of anastomotic disruption. Generally the 
patients are orally intubated and ventilated with anesthesia-integrated machine and 
with minimal fl ow technique. A balanced technique is used for maintenance of 
anesthesia with a volatile agent, narcotic, and nondepolarizing muscle relaxant. 
Nitrous oxide is best avoided as it can make surgery more diffi cult by infl ating the 
intestines and increasing the risk of visceral damage. The effects of the anesthetic 
technique used on patient outcomes are unknown. At the author’s center, a balanced 
anesthesia is used. This typically consists of a volatile agent in low to moderate 
concentrations (0.5–1.0 minimum alveolar concentration [MAC]) to ensure uncon-
sciousness, while an opioid, usually fentanyl, is chosen to blunt the sympathetic 
response to stimulation and to provide a smooth transition to the postoperative 
period. If the patient has some degree of renal dysfunction, the active metabolites of 
meperidine (normeperidine) can accumulate, as well as the active metabolites of 
morphine (morphine-6- and morphine-3-glucuronide), which may cause prolonged 
sedation postoperatively [ 6 ]. Short-acting opioids with extrahepatic metabolism, 
such as remifentanil, may be considered for intraoperative analgesia [ 7 – 9 ]. A pro-
tective lung ventilation strategy should be used, targeting tidal volumes of 6–8 mL 
kg −1 , with minimal positive end-expiratory pressure. Surgical retraction can lead to 
a signifi cant increase in airway pressures. Most induction agents can be used. 
Propofol is a safe choice [ 10 ,  11 ], but etomidate might be preferable in cardiovascu-
larly unstable patients. In case of encephalopathy, benzodiazepines should be 
avoided, and the use of high-dose opioids must be limited. If hepatic or renal dys-
function exists, muscle relaxants, which are not metabolized by the liver and do not 
rely on renal excretion, such as atracurium and cisatracurium, are superior choices. 
Cisatracurium may be the preferred neuromuscular blocking agent in patients with 
liver failure, because of its organ-independent elimination and diminished hista-
mine release. Succinylcholine could be administered in the absence of hyperkale-
mia, but rocuronium and mivacurium are safe alternatives for rapid sequence 
induction [ 9 ]. According to the currently available evidence, in small bowel trans-
plantation, insertion of a pulmonary arterial catheter is usually justifi ed by the pres-
ence of an underlying cardiac dysfunction, while the fl uid status can be easily 
monitored by the measurement of the central venous pressure. The transesophageal 
echocardiography (TEE) is a technique that is increasingly being used during the 
procedure. Some intestinal transplant sites avoid pulmonary artery catheter inser-
tion when TEE is used, although the pulmonary artery catheter may be necessary 
when continuous intraoperative monitoring of pulmonary artery pressures is desired 
or for postoperative hemodynamic and fl uid management in the intensive care unit 
(ICU). Postoperative analgesic strategy is provided by either a patient-controlled 
analgesia or a patient-controlled epidural analgesia. Bupivacaine or ropivacaine 
administration is safe in clinically relevant doses [ 12 ,  13 ]. Careful consideration 
must be given to the insertion of an epidural catheter to provide postoperative anal-
gesia. Epidural vasodilatation can potentially trigger episodes of hypovolemia and 
cardiovascular instability. Moreover, it is not uncommon that intestinal transplanted 
patients develop a signifi cant degree of coagulopathy during the perioperative 
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period. However, the use of epidurals may facilitate earlier extubation, reduce the 
risk of respiratory and thromboembolic complications, and potentially provide 
superior postoperative analgesia. Therefore, the risk benefi t balance must be thor-
oughly evaluated for every single patient regarding the use of this technique.  

27.2.2     Intraoperative Management: Preenterectomy Stage 

 This phase of surgery starts with an extended bilateral subcostal incision, with a 
cranial and caudal midline extension, and ends with cross-clamping of the superior 
mesenteric artery (SMA), the superior mesenteric veins (SMV), and the inferior 
vena cava (IVC). This phase involves the dissection and mobilization of the intes-
tine and the identifi cation of the vessels; hypovolemia should be treated in an antici-
patory fashion with colloid-containing fl uid to minimize changes in preload. Routine 
monitoring should include regular arterial blood gases, with evaluation of sodium, 
potassium, calcium, hemoglobin, hematocrit, glucose, and lactate. Blood loss may 
be signifi cant if the mesenteric and portal veins are thrombosed and if there is a his-
tory of previous surgery, with peritoneal adhesions, or portal hypertension. 
Crystalloids are used to maintain CVP in the range of 8–12 mmHg; the use of albu-
min is justifi ed only if the measured serum albumin is low. However, the end point 
of the treatment of any volemic imbalance is not the CVP value, but the combina-
tion of several factors that have to be evaluated by the anesthesiologist during sur-
gery, including the appearance of the surgical fi eld (vessels and visceral organs, 
blood loss), the urinary output, the central and systemic blood pressure curves, and 
their changes during the ventilatory cycle. The use of blood and fl uid warmers, a 
warming blanket, and a forced-air warming unit is necessary to maintain patient 
temperature. Core temperature generally decreases until graft reperfusion and 
increases thereafter. A fall of 0.5 °C in the patient’s temperature may be observed 
after the cold intestinal graft has been placed in the abdominal cavity, and a further 
acute fall is associated with graft reperfusion. Hemodynamic stability has the dou-
ble effect of keeping the recipient in a physiologic condition and ensuring adequate 
perfusion to the graft. Multiple previous abdominal surgical procedures can prolong 
substantially the dissection of the native intestine, potentially increasing the intraop-
erative transfusion requirements and the need for an adequate supply of blood. 
Patients with normal liver function receiving isolated intestinal grafts have a normal 
preoperative coagulation status, and the administration of fresh frozen plasma, 
coagulation factors, and platelets is only justifi ed by the volume of blood loss. Also 
in our experience, as expected, blood requirements were not signifi cant during SBT, 
especially in comparison with liver transplantation, and the same was observed for 
the other blood products. Intraoperative coagulation is guided by TEG and observa-
tion of the surgical fi eld. In patients with hepatic failure receiving also a short bowel 
transplant, it is possible to observe quite dramatic intraoperative TEG changes due 
to coagulation abnormalities, but a severe coagulopathy is rare, and the number of 
samples required for a safe TEG monitoring is lower in comparison to liver 
transplantation.  
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27.2.3     Intraoperative Management: Enterectomy Stage 

 The enterectomy stage begins with the occlusion of vascular infl ow to the intestine 
and ends with the graft reperfusion. Cross-clamping of the inferior vena cava and 
manipulation can decrease the venous return to the heart and cause hypotension. 
Endotoxins can be released from localized abdominal infections causing additional 
cardiovascular instability. The fl uid infusion may be increased to keep CVP in the 
desired range, the volatile agent concentration may be decreased in the inspired 
oxygen/air mixture, and vasopressors such as ephedrine and adrenaline may be 
administered before caval clamping. It must be remembered that the time frame of 
the surgical maneuver is an important variable; often the reversal of the hemody-
namic imbalance and of the hypotension is a matter of waiting short time and not to 
overtreat. Frequent monitoring of blood gases and acid–base, electrolyte, hemato-
crit, coagulation, metabolic, and hemodynamic status is necessary for optimal man-
agement in this stage.  

27.2.4     Intraoperative Management: Neointestinal Stage 

 Reperfusion of the new intestine through the mesenteric vessels begins the neointesti-
nal stage. Often in isolated small bowel transplantation, the superior mesenteric artery 
(SMA) of the graft is anastomosed to the SMA of the recipient, and the same is done 
between the superior mesenteric veins (SMV). In other patients undergoing SBT, 
SMA is anastomosed to the aorta and SMV is anastomosed to the inferior vena cava. 
Some anastomotic variations are often possible; in our experience, patients in whom 
the intestinal transplant consisted of a modifi ed multivisceral variant excluding the 
donor liver had 2 cm of the donor thoracic aorta anastomosed end to side to the supra-
renal aorta. Next, a Carrl’s patch including both the celiac trunk and the SMA was 
anastomosed to the aortic graft. Finally, the graft portal vein was anastomosed in an 
end-to-side fashion. The distal aorta of the donor is closed with a piece of artery 
obtained from the proximal thoracic aorta of the donor as a “hatch.” In a small bowel 
and liver and multivisceral transplant, a higher incidence of reperfusion- associated 
syndrome, similar to that seen during liver transplantation, can be expected. 
Reperfusion effects may be reduced following a portal anastomosis, because the fl ow 
through the liver can buffer the cardiac effect of the cold splanchnic fl uid, while the 
declamping of a caval anastomosis cannot enjoy such a protective mechanism. 
Reperfusion is associated with abrupt increases in potassium and hydrogen ions con-
centration, an increase in preload, and a decrease in systemic vascular resistance and 
blood pressure. Hypothermia, monitored through a centrally placed catheter, is a 
marker for the presence of graft outfl ow into the central circulation. Life-threatening 
hyperkalemia, clinically detectable by changes in the ECG, requires prompt treat-
ment. Calcium chloride and sodium bicarbonate are the drugs of choice for the acute 
treatment of hyperkalemia. A “postreperfusion syndrome” characterized by marked 
hypotension and cardiovascular instability occurs in 47 % of small bowel transplants 
[ 14 ]. Therefore, it is imperative that before reperfusion, the cardiovascular status of 
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the patient is fully optimized, and infusions of appropriate fl uids and vasoactive agents 
are readily available. A retrospective study of 27 patients who underwent SBT showed 
signifi cant decreases in mean arterial pressure and systemic vascular resistance after 
reperfusion, associated with minor changes in mean arterial pulmonary arterial pres-
sure, central venous pressure, and wedge pressure [ 15 ]. However, systemic vascular 
resistance and mean arterial pressure decreased only about 30 % from baseline at 
approximately 30 min after reperfusion and continued to remain low throughout the 
procedure. Cardiac index appeared to be well preserved as indicated by the slight 
increase in value, signifying that SBT was not associated with cardiac dysfunction. In 
this study, the authors showed a hypocoagulative pattern, as evaluated by TEG, prob-
ably caused by surgical stress, blood loss, and hemodilution. The metabolic changes 
that commonly occur during SBT result from ischemia–reperfusion injuries to the 
donor intestine. The intestinal damage due to ischemia and cold storage is exacerbated 
by a variety of biochemical/immunological processes in the immediate postreperfu-
sion period after revascularization. In this observational study, PRS was considered 
when the mean arterial blood pressure was 30 % lower than the pre-unclamping value 
and lasted for at least 1 min within 10 min after unclamping. In these patients under-
going SBT, the duration of cold ischemia and preoperative glomerular fi ltration rate 
were independent predictors of postreperfusion syndrome (PRS), and the occurrence 
of intraoperative PRS was associated with signifi cantly more frequent postoperative 
renal failure and with more frequent early postoperative death. 

 Table  27.1  synthesizes the main intraoperative tips of anesthesiologic manage-
ment for every phase of the intervention.

27.3         Postoperative Care of the Intestinal Transplant Patient 

27.3.1     Allograft Rejection 

 Routine surveillance endoscopy via the ileostomy, with random biopsies, is per-
formed twice a week for the fi rst month after transplant. This procedure enables the 
diagnosis of rejection prior to the manifestation of clinical signs and symptoms. For 
the subsequent 1–2 months, endoscopy and biopsies are performed every week. 
Indications for biopsies include unexplained fever, change in stoma output or appear-
ance, gastrointestinal bleeding, and skin rash. Gross appearance of the mucosa does 
not correlate with the histologic fi ndings, but endoscopy with biopsy remains the 
gold standard for diagnosis of rejection in the intestinal allograft. The diagnosis of 
rejection is based on pathologic criteria: apoptosis, cryptitis, and exfoliation. 
Unfortunately, these fi ndings can also be present in infectious enteritis [ 16 ,  17 ]. 

 Stomal output increases rapidly after the fi rst few hours and may reach several 
liters a day. Bicarbonate losses may be marked and need to be replaced if this causes 
metabolic acidosis. Diarrhea is common after SBT and is often multifactorial in ori-
gin. Denervation of the grafted small bowel is probably the major cause of diarrhea, 
but other causes include ischemia–reperfusion injury, rejection, graft-versus- host dis-
ease, and CMV enteritis. Fecal calprotectin assays might help in the early diagnosis 
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   Table 27.1    Main intraoperative tips for anesthesiologic management for every phase of the 
intervention   

 Anesthetic induction 
and maintenance  Preenterectomy stage  Enterectomy stage  Neointestinal stage 

  Routine monitoring  
electrocardiography 
pulse oximetry, 
capnography, 
temperature, invasive 
arterial blood 
pressure, baseline 
arterial blood gas 
 8 F or larger cannulas 
into the peripheral 
vein 
 Connect to a rapid 
infusion system 
(500–1,500 mL/min) 

 CVP 8–12 mmHg 
 Maintain Hgb >10 g/
dl 
 Norepinephrine to 
keep mean blood 
pressure >60 mmHg 

 Maintain Hgb >8 g/dl 
 IV fl uids to keep 
CVP around 
8–12 mmHg 
 Adrenaline/
norepinephrine to 
preserve blood 
pressure >60 mmHg 
and CO >5 L/min 

 Maintain Hgb >8 g/dl 
 IV fl uids to keep CVP 
around 8–12 mmHg 
 IV adrenaline 
10/20 mcg bolus to 
keep BP>60 mmHg 
 Adrenaline/
norepinephrine to 
preserve blood 
pressure > 60 mmHg 
and CO >5 L/min 

 Rapid sequence 
induction of 
anesthesia 
 Fentanyl 1–2 μg/kg, 
propofol 0.5–2 mg/kg, 
cisatracurium 
0.5–1.0 mg/kg 
 Maintain anesthesia 
balanced with 
minimal fl ow, low 
tidal volume 
(6–8 mL/Kg), 
positive end- 
expiratory pressure 
5–8 cm H 2 O if 
necessary recruitment 
maneuvers 

 Infusion of albumin 
20 % if severe 
hypoalbuminemia 
 Correct metabolic 
acidosis, 
hypocalcemia, 
hypomagnesemia, 
glycemia, and 
hyperkalemia 

 Correct metabolic 
acidosis, 
hypocalcemia, 
hypomagnesemia, 
glycemia, and 
hyperkalemia 

 Correct metabolic 
acidosis, 
hypocalcemia, 
hypomagnesemia, 
glycemia, and 
hyperkalemia 

 Invasive monitoring 
using an 8.0-French 
pulmonary catheter 
into the right internal 
jugular vein 
 Central venous 
access using an 
8.0-French bilumen 
into the left internal 
jugular vein 

 Consider coagulation 
monitoring and 
correction if 
coexisting liver 
failure 
 Consider elastic 
stockings for venous 
thromboembolism 
prevention 

 Consider coagulation 
monitoring and 
correction if 
coexisting liver 
failure 

 Consider coagulation 
monitoring and 
correction if 
coexisting liver failure 
 Consider elastic 
stockings for venous 
thromboembolism 
prevention 

 Intravenous 
antibiotics 

 Warmers  Warmers  Warmers  Warmers 

 Incision 
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of rejection and can be used on an outpatient basis, particularly in those patients who 
have had their ileostomy closed, although the utility of this assay is restricted by 
signifi cant interpatient variability [ 18 ,  19 ]. The role of citrulline as a quantitative 
marker of rejection is being investigated. Citrulline, a nonessential amino acid, is 
produced by the intestinal mucosa and is present in the serum. Citrulline levels refl ect 
the functional absorptive capacity of the intestine. In patients with short gut syn-
drome, the postabsorptive plasma concentration of citrulline is not only a measure of 
functional absorptive bowel length but is also an indicator of permanent intestinal 
failure. In transplanted patients, plasmatic levels of citrulline decreased during rejec-
tion and returned to prerejection levels upon successful treatment of rejection, and 
the severity of rejection inversely correlated with citrulline levels.  

27.3.2     Infection 

 The postoperative care of intestinal transplanted patients is complicated by their 
markedly debilitated state, balanced immunosuppressive regimens to prevent rejec-
tion, and the necessity to prevent and treat infection. The primary treatment goal is to 
maximize benefi ts while minimizing the morbidity of immunosuppressive agents. 
A natural consequence of transplantation of an organ exposed to external microor-
ganisms in the presence of profound immunosuppression is the susceptibility of the 
recipient to local and systemic infections. Gastrointestinal decontamination is 
required in small bowel transplantation and puts the patient at a very high risk of 
CMV new infection or reactivation. Every patient is therefore treated (except when 
donor and recipient are both CMV negative), according to this protocol: D+/R− 
requires ganciclovir plus specifi c anti-CMV Ig, and D+/R+ or D−/R+ needs to be 
treated with ganciclovir 5 mg/kg i.v. two times a day until the patient can receive 
1 g × 3 per os up to 3–4 months postoperatively. A major advance in the reduction of 
graft failure and patient mortality has been introduced by improved diagnosis, pro-
phylaxis, and therapy of viral infections and their complications. Routine use of poly-
merase chain reaction (PCR) assay for early viral detection has greatly reduced the 
adverse infl uence of this virus. Monitoring Epstein–Barr virus (EBV) by PCR, which 
might be a prelude posttransplant lymphoproliferative disease (PTLD) [ 20 ], enables 
the reduction of immunosuppression or, in advanced cases, the use of the anti-CD20 
monoclonal antibody, rituximab. The presence of rising EBV titers on routine sur-
veillance often provides a trigger to reduce the dose of maintenance immunosuppres-
sion by 25–50 %. PTLD which is refractory to these measures, recurrent or 
progressive, often requires chemotherapy as for non-Hodgkin’s lymphoma [ 16 ].  

27.3.3     Fluid and Nutrition Management 

 Fluid management is the major postoperative problem after small bowel and multiple 
organ transplantation because the fl uid and electrolyte needs of the transplant recipi-
ent are highly variable. Fluid replacement is usually guided by the blood pressure, 
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right atrial pressure, pulmonary capillary wedge pressure, and urine output, but a reli-
able monitoring technique to determine volemia is needed. In the immediate post-
transplant period, the graft is subject to mucosal sloughing secondary to 
ischemia–reperfusion injury, and the patient can lose large amounts of fl uid through 
the graft. Preservation injury is however a relatively minor problem in intestinal trans-
plantation because of the intestine’s great capacity for epithelial regeneration. In addi-
tion, associated bicarbonate loss can be high. During episodes of rejection, the patient 
can also have exaggerated fl uid losses that can lead to dehydration. Third-space fl uid 
requirements can be massive, and inadequate replacement leads to end-organ dys-
function, particularly renal failure. Central venous pressure monitoring, preferably 
with pulmonary arterial catheterization, is essential as any other monitoring technique 
which can often be a reliable picture of body volume distribution. Several liters of 
fl uid may be required in the initial 24–48 h postoperatively simply to maintain central 
pressures adequate to provide a satisfactory urine output. During this time, the patients 
may develop extensive peripheral edema, which dissipates over the next few days as 
the fl uids are mobilized and requirements stabilize. This phenomenon occurs after all 
abdominal surgery, but these patients have signifi cantly greater fl uid shifts than do 
patients undergoing major non-transplantation abdominal surgery. However, contin-
ued increases in fl uid requirements may herald infection or rejection. The aim is to 
commence enteral feeding as early as possible after transplantation. Ileus usually per-
sists for the fi rst few postoperative days as ischemia–reperfusion injury resolves [ 21 ]. 
Most centers introduce enteral intake between 3 and 7 days postoperatively, with 
some waiting until stomal output is demonstrated. Typically, a small volume (10 mL/h) 
of non-elemental feeds is started initially; the aim is to provide all nutritional require-
ments enterally, with complete withdrawal of parenteral nutrition within 4–6 weeks. 
This early transition enhances graft adaptation and minimizes postoperative compli-
cations. Initially, feeding is given via an enteral tube. Because gastric emptying is 
delayed early after transplantation, jejunal feeding is the preferred route, most com-
monly via a jejunostomy, fashioned at the time of the transplant. Some units use 
nasojejunal tubes [ 16 ]. Transition to oral diet is individualized as tolerated and tends 
to occur more rapidly in adults than children. Up to 45 % of children have continued 
to require nasogastric tube feeding at 2 years; factors such as food aversion, high rela-
tive fl uid and energy requirements, and prior adverse dietary experiences with a ten-
dency to anorexia often contribute to delayed transition. Enteric lymphatics are often 
disrupted during surgery, with recovery often taking weeks to months. Chylous asci-
tes might develop and require repeated paracentesis over a period of weeks. 

 In the event of this complication, most centers prefer a low-dose lipid formula-
tion (1 g/kg or 1 g/100 mL feed) initially, with or without medium chain triglycer-
ides; these are absorbed via the portal circulation, rather than lymphatics [ 21 ]. 
Patients are also informed to avoid a high intake of simple carbohydrates and sug-
ars, such as those contained in fruit, fruit juices, and soft drinks, as these can cause 
osmotic diarrhea. Monitoring of nutritional parameters is vital, not only as the tran-
sition to oral intake occurs but also in the long term. Supplementation with fat- 
soluble vitamins A, D, and E is often required. Iron studies, B12, zinc, and selenium 
levels are other important nutrients to monitor.      
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28.1            Introduction 

 Small bowel transplantation (SBT) has provided effective therapy for the patients 
with chronic, irreversible intestinal failure affected by life-threatening complica-
tions of total parenteral nutrition [ 1 ]. 

 Living donor segmental small bowel transplantation potentially can provide 
advantages, comparing to deceased donor, including better tissue compatibility, 
shorter cold ischemia time, ability to implement desensitization protocols, and bet-
ter donor bowel preparation. Probably the biggest advantage is that intestinal trans-
plantation from living donor is an elective procedure, which is done at the optimal 
time for the recipient. 

 The fi rst clinical transplant from a living donor (LD) was reported in 1971. Alican 
et al. described the case of an 8-year-old boy with the resection of the small bowel 
from the ligament of Treitz to the ileocecal valve secondary to strangulation. The trans-
plant was performed with approximately 3 ft of ileum transplanted from his mother. 
However, the recipient’s procedure was complicated by thrombosis of the vena cava, 
and the allograft had to be subsequently removed on the ninth posttransplant day [ 2 ]. 

 The introduction of cyclosporine distinctly changed the outcome for solid organ 
transplantation. Nonetheless, the use of cyclosporine did not have as much benefi t for 
intestinal transplantation as it did for other transplanted solid organs. In the cyclospo-
rine era, only two intestinal transplants from living donors were reported by Deltz 
et al. [ 3 ,  4 ], with both recipients receiving a 60 cm segment of jejunum. First recipi-
ent was a boy 4 years of age with volvulus, who received the graft from his mother; 
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unfortunately, the graft was removed due to an intractable rejection episode. Second 
recipient was a 42-year-old woman with a subtotal small bowel resection secondary 
to the thrombotic occlusion of mesenteric veins. The patient was on full oral intake 
2 weeks later and thereafter remained off parenteral nutrition until 1990, when 
chronic rejection caused the loss of the graft function. At that point in time, it was the 
fi rst successful LD intestinal transplant with a long-term function of over 2 years. 

 The introduction of tacrolimus has allowed intestinal transplantation to become 
a clinically accepted procedure. Benedetti et al. during the 1990s studied the techni-
cal aspects of LD intestinal transplantation in a pig model [ 5 ]. Consequently, the 
same group performed the fi rst LD intestinal transplant, from which they concluded: 
(1) the ileum was the best option due to its greater absorptive capacity of bile acids, 
vitamins, fat, and water; (2) the terminal ileum (20–30 cm), the ileocecal valve, and 
the cecum should remain in the donor to minimize morbidity; (3) a vascular pedicle 
should be used consisting of only one artery and vein (either the ileocolic artery and 
vein or the terminal branches of the superior mesentery artery (SMA) and superior 
mesentery vein (SMV); and (4) the bowel continuity should be restored with a prox-
imal bowel anastomosis and a distal ileostomy (to allow access to graft biopsy) (6). 
After these two fi rst successful LD intestinal transplants at the University of 
Minnesota, the group published the respective guidelines in 1997 [ 6 ], as a standard-
ized technique for intestinal transplants. 

 Morris et al in 1995 described a LD intestinal transplant in an adult patient with 
a desmoid tumor, whose donor was his monozygotic twin. They transplanted the 
distal ileum, ileocecal valve, and portion of the cecum: however, as they also 
removed the terminal ileum of the donor, he became vitamin B12 defi cient [ 7 ]. 

 Fujimoto et al. [ 8 ] reported in 1998 the fi rst LD intestinal transplantation in 
Japan. A 2.5-year-old boy who had been suffering from short bowel syndrome and 
recurrent line sepsis underwent SBT using a segmental graft from his mother. They 
resected her distal ileum (100 cm) out of her 460 cm of small intestine. The vessels 
were anastomosed to the recipient’s infrarenal aorta and vena cava, respectively. 
The donor was discharged on postoperative day 15 without any surgical or medical 
complication. In 2004, Lee et al .  [ 9 ] described the fi rst experience at Catholic 
University of Korea, Seoul. The patient was a 57-year-old female with short bowel 
syndrome. A 150 cm distal ileum graft from a 27-year-old living-related donor was 
successfully transplanted; the graft vessels were anastomosed to the recipient’s infe-
rior mesenteric vessels. The donor and recipients recovered without complications. 

 Ishii et al. [ 10 ] reported in 2006 their experience of two cases of LD intestinal 
transplantation. The fi rst patient was a 14-year-old boy with TPN-dependent short 
bowel syndrome associated with hypoganglionosis. The second patient was a 
27-year-old female who had undergone massive enterectomy due to volvulus. Up to 
one third (150 cm in case 1, 210 cm in case 2) of the total small intestine was har-
vested from the ileum preserving 30 cm of terminal ileum proximal to the ileocecal 
valve. The vessels were connected to the recipient infrarenal aorta and inferior vena 
cava. Both donor experienced no complications and were discharged at 10 days 
after the operation. The two recipients did not have any surgical complications. 

 Benedetti et al .  in 2011 documented their experience with six combined intesti-
nal/liver transplants at the University of Illinois Hospital [ 11 ]. The transplants were 
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performed between 2004 and 2007, with a total of six children (average age 
13.5 months) having received the grafts from one of their parents. Three of these 
recipients had a simultaneous transplantation, while the other three recipients had a 
staged procedure, with an average interval of 6 days based on hemodynamic stabil-
ity after the liver graft was implanted. 

 None of the donors had any perioperative mortality or morbidity; all donors were 
discharged home on a regular diet. Five of the six children are still alive with ade-
quate graft function, whereas one recipient died due to plasmablastic lymphoma, 
albeit with functioning graft. 

 TPN-associated complications, such as lack of vascular access, recurrent line 
infections, and liver failure, continue to become life-threatening. If it is taken into 
account that the pediatric population is more prone to liver disease and life- 
threatening complications secondary to TPN, then LD intestinal grafts could pre-
vent the progression to end-stage liver disease and be considered lifesaving when a 
deceased donor (DD) graft is not available. Thus, the main goals of LD intestinal 
transplantation are to improve posttransplant outcomes and to decrease the mortal-
ity on the waiting list by reducing the patients waiting time.  

28.2     Donor 

 In order to minimize the incidence of complications and increase the rate of success, 
it becomes necessary to choose the donor carefully. Table  28.1  summarizes the 
required workup for living-related donor evaluation for LD intestinal transplant. 
The technical aspects of LDIT were standardized by Gruessner and Sharp in 1997, 
as was previously described.

   Table 28.1    Donor evaluation   

 Flowchart for donor evaluation 

 Comprehensive analysis of medical and surgical history, review of systems, physical 
examination, current medications, history of malignancy, and previous intestinal surgery 

 ABO compatibility, HLAa type, lymphocytotoxic crossmatch 

 Comprehensive metabolic panel, vitamins A, D, E, K, and B12 

 Prothrombin time, partial thromboplastin time, alpha-fetoprotein, ammonia 

 Chest X-ray, electrocardiogram 

 Serology (CMV, EBV, VZV, HIV, HCV, HBeAg, HBsAg, HBsAbb), complete blood count. 
Urine and stool cultures 

 Anesthesia history, surgical procedures, and drug allergies 

 Psychiatry evaluation, social work consultation 

 An interview with a member of the institutional ethics committee to discuss with the potential 
donor about motivations an understanding of the risk involved 

 CT scan of the abdomen or 3D-angio-CT scan 

   Source : Data from Ref. [ 11 ] 
  aHLA  histocompatibility leukocyte antigen,  bCMV  cytomegalovirus,  EBV  Epstein-Barr virus,  VZV  
varicella zoster virus,  HIV  human immunodefi ciency virus,  HCV  hepatitis C virus,  HBeAg  hepati-
tis B virus early antigen,  HBsAg  hepatitis B surface antigen,  HBsAb  hepatitis B surface antibody  
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28.2.1       Surgical Technique and Postoperative Care 

 The entire length of the small bowel from the ligament of Treitz to the ileocecal 
valve is measured. Subsequently, the cecum and the terminal ileum are identifi ed 
and marked approximately 30 cm proximal from the ileocecal junction. The donor 
operation consists of harvesting 200 cm of distal ileum (160 cm for pediatric recipi-
ents), preserving at least 20–30 cm of terminal ileum and ileocecal valve to avoid 
macrocytic anemia and shortened transit time. The vascular pedicle of the graft is 
formed by the distal branches of the SMA and SMV or, alternately, by the ileocolic 
artery and vein, and they are anastomosed to the infrarenal aorta and cava of the 
recipient, respectively. 

 If the procedure involved a combined intestinal and liver transplant, the donor 
operation becomes more complex. Combined living donor intestinal and liver trans-
plants have only been done for pediatric patients. If the recipient remains stable after 
the liver is implanted, the intestinal procurement (and consequently the transplant) 
can be performed; otherwise, the incision is closed and the intestinal transplant is 
rescheduled, preferably within the two fi rst weeks after the liver transplant. 

 It is very important that the donors have adequate follow-up care. After dis-
charge, they need to be evaluated on a monthly basis and then annually to review 
their eating and defecation patterns as well as any complications. The donor should 
also undergo vitamin B12 assays at 1, 6, and 12 months postdonation to ensure 
adequate vitamin B12 absorption. 

 Benedetti et al .  report a case of chronic diarrhea among the donors, but it was 
resolved with medical therapy consisting of Imodium and cholestyramine [ 11 ]. For 
11 donors, out of their total cohort of LD intestinal transplants at the University of 
Illinois Hospital, the authors also reported a 36.4 % reduction in LDL and a 22.3 % 
decrease in total cholesterol levels when compared with their respective predona-
tion lipid profi les, and they noted the difference was statistically signifi cant [ 12 ]. 
However, a further follow-up in a greater cohort should be completed to conclude 
this fi nding. 

 Although the number of LD intestinal transplants is relatively small, there have 
been no reports of donor mortality or life-threatening complications [ 13 ]. 
Nevertheless, a more extensive follow-up is necessary to determine the presence of 
postsurgical complications, such as intestinal adhesions.   

28.3     Recipient 

 Registry data suggest that the patient and graft survival rates are similar for both LD 
and DD intestinal transplants. Nevertheless, using a living donor can reduce the 
mortality rate for those on the waiting list, which is especially high for candidates 
for combined liver/bowel transplant less than 5 years of age (  www.unos.org    , SRTR 
& OPTN Annual Data Report, 2012). 

 About 15 % of patients receiving TPN for more than 1 year develop end-stage 
liver disease. In children, the incidence of liver disease is higher, especially in 
patients with less than 30–40 cm of remnant bowel [ 14 ]. Liver disease remains the 
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leading indication for performing intestinal transplantation in children, followed by 
loss of central venous access to provide parenteral nutrition. 

 The indications for intestinal transplantation in pediatric patients were updated 
in 2010 by Avitzur and Grant [ 15 ] (Table  28.2 ).

   A multidisciplinary evaluation of the patient with intestinal failure is essential to 
assess adequate candidacy for transplantation and to ensure best outcomes. The 
evaluation process must elucidate the following: (1) the failure to wean of TPN after 
application of other surgical strategies for intestinal rehabilitation, besides trans-
plantation; (2) the need of intestine or combined liver/intestine transplantation; 
(3) the state of the remnant intestine and the patency of the great vessels; (4) and the 
absence of absolute contraindications or associated disease that can put the patient 
at risk during the procedure or postoperative period. All the aspects of the recipient 
evaluation are summarized in Table  28.3 .

   Although the criteria used for listing deceased and living donor candidates are 
the same, we believe that certain patients may have a greater benefi t from the living 
donor option. Adults with an identical twin or HLA-identical sibling as a donor 
candidate should be transplanted without delay. In our experience, using donors 
with at least one haplotype match has been extremely favorable, with no acute rejec-
tion episodes during the fi rst year posttransplant. Highly sensitized patients may 
benefi t from desensitization protocols, easily performed in the contest of a living 
donor bowel transplant in analogy to similar plasmapheresis-based strategies in liv-
ing donor kidney transplantation. In children affected by ultra-short bowel syn-
drome with slim possibilities of successful weaning of TPN, LD intestinal transplant 
should be considered early in order to avoid progression to end-stage liver disease. 
For children who present TPN-related cirrhosis, the option of combined liver/bowel 
transplant from an adult living donor may contribute to minimize the probability of 
death on the waiting list, which is extremely high in this patient population. 

28.3.1     Surgical Technique and Postoperative Care 

 A midline incision is made. After the remaining small bowel is mobilized, the infra-
renal aorta artery and vena cava are identifi ed and dissected free from the takeoff of 

   Table 28.2    Indication for pediatric intestinal transplantation   

 Indication for intestinal transplantation in pediatric patients 

 Loss of 50 % of available central venous accesses due to thrombosis 

 Recurrent septic episodes, resulting in multiorgan failure, shock, and metastatic infectious loci 
(more than two episodes per year) 

 Imminent or overt end-stage liver disease 

 Ultra-short bowel syndrome 

 High risk of death attributable to the underlying disease 

 Frequent hospitalization 

 Severe dehydration episodes 

 Lack of family support or unwillingness to accept long-term TPN 
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the renal vessels to the level of their bifurcations. The arterial anastomosis is done 
fi rst, since it is more technically challenging due to the small diameter of donor’s 
artery the arteriotomy is made somewhere at the level between the origin of the 
renal arteries and inferior mesenteric artery. Given the small size of the ileocolic 
artery from the donor, the end-to-side ileocolic artery-to-infrarenal aorta anastomo-
sis is constructed in an interrupted fashion. Continuing with the vein anastomosis, 
an appropriate site on cava is chosen for the venotomy, usually 2–3 cm proximal to 
the arterial anastomosis. The venous anastomosis is done with the quadrangulation 
technique, and the end-to-side ileocolic vein to infrarenal cava anastomosis is com-
pleted by continuous corner sutures. When the proximal end of the intestinal graft 
is identifi ed, the anastomosis to the remaining recipient duodenum/jejunum could 
be made in an end-to-end, end-to-side, or side-to-side fashion. Our preference is to 
perform a handsewn, two-layer side-to-side anastomosis to the remaining recipient 
duodenum/jejunum. The handsewn technique decreases the risk of intraluminal 
anastomotic bleeding, as compared to stapled anastomosis. 

 The distal end of the donor graft should be brought out as a stoma to allow an easy 
access for endoscopy and biopsy. Exception could be made when the donor is 

   Table 28.3    Recipient evaluation   

 Flowchart for recipient evaluation 

 Comprehensive analysis of medical and surgical history, review of systems, physical 
examination, current medications, current nutrition requirements 

 Blood group, HLAa type, panel of reactive antibody 

 Upper and lower gastrointestinal barium study, esophagogastroduodenoscopy and 
colonoscopy, CT scan abdomen and pelvis, motility studies (if indicated) 

 Height, weight, anthropometric measurements, nutritional support, comprehensive metabolic 
panel, zinc 

 Prothrombin time, partial thromboplastin time, alpha-fetoprotein, ammonia. Doppler 
ultrasound of liver and liver biopsy (if indicated) 

 Electrocardiogram, chest X-ray, echocardiogram, stress test if more than 50 years of age or 
with cardiac history, and risk factors (hypertension, diabetes mellitus) 

 Abdominal ultrasound with size of kidneys, triple renal scan, 24 h creatinine clearance 

 Doppler ultrasound of upper and lower extremities veins 

 History of infection episodes, immunization, serology (CMV, EBV, VZV, HIV, HCV, HBeAg, 
HBsAg, HBsAbb, measles, rubella, and mumps titers), complete blood count. Blood, urine, 
and stool culture 

 Anesthesia history, surgical procedures, and drug allergies 

 Child life and development 

 Psychiatry evaluation, social work consultation 

 Doppler ultrasound of great vessels and angiography or MRI or 3D-angio-CT scan (if 
indicated) 

   Source : Data from Ref. [ 15 ] 
  aHLA  histocompatibility leukocyte antigen,  bCMV  cytomegalovirus,  EBV  Epstein-Barr virus,  VZV  
varicella zoster virus,  HIV  human immunodefi ciency virus,  HCV  hepatitis C virus,  HBeAg  hepati-
tis B virus early antigen,  HBsAg  hepatitis B surface antigen,  HBsAb  hepatitis B surface antibody  
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identical tween. The fi rst 24–48h are critical due to surgical trauma, the degree of 
ischemia and reperfusion injury, and onset of immunosuppression. Initially, vital 
signs, color of the ostomy, and laboratory parameters are monitored every 4 h. An 
important element to immediately monitor posttransplant is systemic anticoagulation: 
due to the small diameter of the ileocolic vessels of the LD, they are more prone to 
vascular thrombosis. On posttransplant day 7, a small bowel follow-through contrast 
study is performed to confi rm intactness of the anastomosis, and on the next day, the 
fi rst graft biopsy is to be executed. After an anastomotic leak is ruled out, recipients 
begin a clear liquid diet. For recipients of a combined LD liver and intestinal trans-
plant, postoperative care is initially dictated by the liver graft function. Once liver 
function has stabilized, the attention can be directed to the intestinal graft function. 

 The immunosuppression and follow-up of LDIT recipient do not differ signifi -
cantly from DD recipients.   

28.4     Current Status of Intestine Transplantation 

 According to United Network for Organ Sharing (UNOS) data, the total number of 
registrations on the intestine waiting list in 2014 is 261, where 54.2 % of the candi-
dates are under 18 years of age. The proportion of newly listed patients who were 
18 years of age or older had been increasing in the prior decade. However, the num-
ber of patients on the waiting list under 18 years of age still remained higher as 
compared to patients older than 18 years of age. This is particularly true for patients 
under 5 years of age (71.4 % and 51.8 %, respectively) (  www.unos.org       2014). This 
data further indicates that pediatric patients have a higher risk of life-threatening 
complications secondary to TPN, when compared with adults. 

 During the last decade, the number of intestinal transplants increased more than 
twofold. In 2009, there was a total of 180 intestinal transplants, of which 94 (52 %) 
were for recipients less than eighteen (18) years of age. This increase was due pri-
marily to a higher number of isolated intestine transplants as well as to increased 
number of combined liver/intestine transplants. Through the same year 89 (49.4 %), 
recipients required a combined liver and intestinal transplant (  www.unos.org    , SRTR 
& OPTN Annual Data Report, 2012). Children are the primary candidates for intes-
tinal transplantation, and more than 70 % are affected by intestinal and liver failure. 
Recipients of a combined graft experience better graft survival outcomes compared 
to those who received an isolated intestinal transplant [ 16 ,  17 ]. 

 According to UNOS, between 1990 and 2013, the rate of DD intestinal trans-
plants had increased from 0.2 % to 4.3 %. However, the rate of LD intestinal trans-
plants remains very low, with only one transplant performed in 2013. The total 
number of LD intestinal transplants in the USA is 40, 26 of which are performed by 
the team at The University of Illinois at Chicago. Our longest living donor intestinal 
graft survival is 15 years (unpublished data). Current data indicates that the 5-year 
patient survival probability was superior for LD intestinal transplant recipients as 
compared to intestinal/liver and deceased intestinal transplant recipients (2011 
Intestinal Transplant Registry Report,   www.intestinetransplant.org    ). However, the 
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experience with LD intestinal transplants remains limited, with a very small number 
of procedures been performed worldwide. 

 In conclusion, the technical details of the LD intestinal transplantation had been 
perfected, leading to results comparable with those of the deceased donor intestinal 
transplantation. However, LD intestinal transplantation should be limited in accor-
dance with specifi c indications. In particular, the best indication  for combined LD 
liver/intestinal transplantation would be a  pediatric recipients with  intestinal and 
hepatic failure. For these potential recipients, the virtual elimination of waiting time 
may diminish the high mortality on the waiting list. Isolated LD intestinal transplan-
tation may further be indicated for candidates in need of an intestinal transplant with 
lack of central venous access as a rapid rescue strategy. Potentially, LD intestinal 
transplantation could be used with highly sensitized recipients, to allow the applica-
tion of desensitization protocols. Finally, in the specifi c case of available identical 
twins or HLA-identical sibling, LD intestinal transplantation has a signifi cant 
immunological advantage and should be offered.     
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  29      Small Bowel Transplantation 
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     Abbreviations 

   ACR    Acute cellular rejection   
  AMR    Antibody-mediated rejection   
  CMV    Cytomegalovirus   
  CR    Chronic rejection   
  DSA    Donor-specifi c antibody   
  EBV    Epstein-Barr virus   
  GVHD    Graft-versus-host disease   
  IITx    Isolated intestinal transplantation   
  MTVx    Multivisceral transplantation   
  PTLD    Post-transplant lymphoproliferative disease   

       In the last 15 years, intestinal transplantation has become a viable alternative to 
parenteral feeding in the management of irreversible gastrointestinal failure in chil-
dren and adults [ 1 – 3 ]. The graft may consist in the small bowel (isolated intestinal 
transplant, IITx) or also include liver, colon, pancreas, and stomach (multivisceral 
transplant, MVTx). MVTx has improved graft and patient survival so that it is com-
parable to and in some studies better than IITx [ 4 ]. 

 Small bowel transplantation presents many challenges due to the high incidence 
of ACR and CR, bacterial and viral infections and the frequently poor general con-
ditions of the recipients. The post-operative management is diffi cult and represents a 
delicate balance between heavy immunosuppressive treatment and the increased risk 
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of infections, PTLD especially in paediatric patients and raising the graft immune 
response to the host (GVHD). Heavy immunosuppressive therapy can itself lead to 
damage in other organs and tissues, particularly the kidney [ 5 ,  6 ]. 

 In addition to the clinical impression and endoscopic examination, histology rep-
resents one the most accurate diagnostic tools. Therefore, graft biopsies are often 
necessary in cases of graft impairment to establish a diagnosis among different pos-
sibilities (AR, infections, PTLD, etc.). 

29.1     Pathology of Intestinal Allograft Diseases 

 Methods: The technical procedure is simple. Biopsy specimens from the graft 
mucosa are fi xed in formalin and subsequently paraffi n embedded by standard tech-
niques. Consecutive sections are cut to obtain several slides. Standard staining 
(haematoxylin- eosin) is performed on some slides, and the remaining unstained 
slides are available in case immunohistochemical or histochemical stainings become 
necessary. A biopsy should be frozen and preserved in a deep freezer at −80 °C for 
immunohistochemistry or DNA/RNA extraction. 

 It is recommended that samples from native bowel mucosa be evaluated for any 
infl ammatory infi ltrate or other morphological features mimicking acute rejection. 

29.1.1     Alloimmune Disease in IITx and MVTx 

29.1.1.1     Acute Cellular Rejection 
 ACR represents an immune-mediated injury against transplanted small intestine: 
mononuclear infl ammatory infi ltrate and crypt injury are the main morphological 
changes. During the fi rst weeks post-transplant, the donor graft is progressively 
replaced by recipient lymphoid tissue. Despite adequate immunosuppression, the 
infi ltrated areas become sites of intense immune stimulation, and the infl ammatory 
infi ltrate begins to extend into the lamina propria resulting in epithelial damage and 
crypt cell apoptosis. ACR is the main cause of intestinal graft loss in the fi rst 
2 months after transplant [ 7 ]. The diagnosis of ACR includes clinical symptoms, 
endoscopic fi ndings and histologic features. The usual symptoms are fever, abdomi-
nal pain, increased stoma output, watery diarrhoea, nausea and vomiting. At endos-
copy, the mucosa shows different degrees of damage ranging from distortion of 
mucosal pattern, oedema and hyperaemia to ulceration, extensive denudation and 
loss of peristalsis. 

 At least two or three biopsies should be performed both in the damaged mucosa 
and in the native segments. The anastomotic mucosa is better avoided as it might be 
confounding for the pathologist. 

 A unifi ed grading scheme for ACR in small bowel allograft was proposed at the 
Pathology Workshop of the VIIIth International Small Bowel Transplant Symposium 
(September 10, 2003), Miami, FL, USA [ 8 ]. 
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   No Evidence of Acute Rejection: Grade 0/Score 0 
 The tissue from the bowel allograft is very similar to normal native bowel. If the 
bowel shows pathological changes, they are clearly different from those associated 
with acute cellular rejection.  

   Indeterminate for Acute Rejection: Grade Ind/Score 1 
 The crypts show minor epithelial cell injury. Epithelial cell apoptosis is present but 
with less than six apoptotic bodies per ten crypt cross sections (Fig.  29.1 ). The dam-
age is mild and focal, with isolated superfi cial epithelial injury along the surface not 
being characteristic of this grade (other entities should be entertained); the overly-
ing mucosa is intact. The mild infl ammatory infi ltrate is mononuclear including 
blastic or activated lymphocytes (Fig.  29.2 ). There is no evidence of non-specifi c 
enteritis.    

  Fig. 29.1    An isolated 
apoptotic body in a crypt. 
Less than six apoptotic 
bodies per ten crypt cross 
sections are seen in cases 
graded as indeterminate for 
acute rejection (H&E 20×)       

  Fig. 29.2    Indeterminate for 
acute rejection. A mild 
mononuclear infl ammatory 
infi ltrate including blastic or 
activated lymphocytes is 
present (H&E 20×)       
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   Acute Cellular Rejection, Mild: Grade 1/Score 2 
 Crypt injury is more evident. There are six or more epithelial apoptotic bodies per 
ten crypt cross sections together with other features correlated with mucosal dam-
age such as mucin depletion, cytoplasmic basophilia, decreased cell height, nuclear 
enlargement and hyperchromasia and increased mitotic activity (Fig.  29.3 ). The 
villi demonstrate blunting and architectural distortion. The epithelial cell changes 
tend to be diffuse. The infl ammatory infi ltrate is mild to moderate with lympho-
cytes, including blastic or activated cells, eosinophils and occasional neutrophils. 
Oedema and vascular congestion are often present.   

   Acute Cellular Rejection, Moderate: Grade 2/Score 3 
 Again six or more apoptotic bodies per ten crypt cross sections are present. In addi-
tion, single crypts may contain multiple apoptotic bodies with foci of “confl uent 
apoptosis” causing erosions in crypt epithelium and focal crypt loss (Fig.  29.4 ). The 
infl ammatory infi ltrate (mononuclear cells with blasts and activated lymphocytes) is 
moderate to severe. Sometimes the superfi cial mucosa shows focal erosions, but this 
is not a prerequisite for the diagnosis.   

   Acute Cellular Rejection, Severe: Grade 3/Score 4 
 Crypt damage and destruction are prominent with crypt loss. Diffuse mucosal ero-
sion and/or ulceration are present. Sometimes biopsy specimens show only granula-
tion tissue and/or a pseudomembranous component (Fig.  29.5a, b ). The number of 
epithelial apoptotic bodies varies and is not correlated to the severity of crypt loss: 
epithelial cell loss is frequently complete at the time of biopsy. When some epithe-
lium is left adjacent to the ulceration, it usually exhibits rejection-associated 
changes, such as crypt epithelial damage [ 8 ].  

 Apoptosis is characteristic of acute rejection although several infl ammatory and 
immunologic processes (i.e. viral and autoimmune enteritis, GVHD) can be associ-
ated with an increase in apoptotic bodies. Investigation of both graft tissue and 
native mucosa can help pathologists and clinicians establish a correct diagnosis [ 9 ]. 

 Top differential diagnoses:

•    Reperfusion injury (Fig.  29.6 ) 
 –    Oedema of the villi  
 –   Surface denudation  
 –   Ischaemic injury with epithelial regeneration  
 –   Fewer apoptotic bodies     

•   Viral infections [ 10 – 14 ]
    (a)    Cytomegalovirus (CMV)

•    Nuclear inclusions with owl’s eye morphology (Fig.  29.7a )   
•   Neutrophils in the lamina propria along the luminal epithelial surface and 

in the crypts  
•   Fewer apoptotic bodies  
•   CMV immunohistochemistry (Fig.  29.7b )      
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   (b)    Epstein-Barr virus (EBV)
•    Lymphocytic infi ltrate in both the mucosa and epithelium (surface and 

crypts) (Fig.  29.8 )   
•   No evidence of apoptotic bodies  
•   Lymphoid nodules extended to crypts, high risk of PTLD      

   (c)    Adenovirus
•    Surface epithelial degenerative changes  
•   Characteristic inclusions most commonly in surface epithelium (round to 

crescent-shaped, “smudge” cells, eosinophilic inclusions)  
•   Apoptotic bodies      

  Fig. 29.3    In this biopsy, graded as acute cellular rejection, mild, here are shown crypt injuries: 
mucin depletion, cytoplasmic basophilia, decreased cell height, nuclear enlargement and hyper-
chromasia (H&E 20×)       

  Fig. 29.4    Moderate acute 
cellular rejection. Single 
crypts may contain multiple 
apoptotic bodies with foci of 
“confl uent apoptosis” causing 
erosions in crypt epithelium 
and focal crypt loss (H&E 
20×)       
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   (d)    Rotavirus
•    Mild to moderate villous blunting  
•   Mixed infl ammatory infi ltrate (lymphocytes, plasma cells, eosinophils 

and neutrophil)  
•   No signifi cant increase in crypt apoptosis       

  Fig. 29.6    Ischaemia- 
reperfusion injury. Mucosa 
shows blunting and 
denudation of the villi with a 
variable infl ammatory 
infi ltrate and oedema (H&E 
5×)       

a b

  Fig. 29.5    ( a, b ). Severe acute cellular rejection. Crypt damage and destruction are prominent with 
crypt loss. Sometimes biopsy specimens show only granulation tissue and/or a pseudomembra-
nous component (H&E 10×)       
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29.1.1.2           Antibody-Mediated Rejection 

 ITx and MVTx can exhibit two types of AMR:

•    Hyperacute and accelerated acute rejection  
•   Acute antibody-mediated rejection    

a b

  Fig. 29.7    ( a, b ) CMV infection. Nuclear inclusions in stromal cells in the mucosa ( arrows ,  a  
H&E 10×) are immunoreactive for CMV antibody ( b  IHC staining 10×)       

  Fig. 29.8    EBV infection. Intraepithelial lymphocytic infi ltrate in EBV positive patient (H&E 
10×)       
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   Hyperacute and Accelerated Acute Rejection 
 This severe disease is the result of preformed donor-specifi c antibody (DSA) due to 
a previous allosensitization (pregnancy, blood transfusion or prior allogenic tissue 
exposure). The greater the allosensitization is, the more severe the clinical and path-
ological progression of the disease. The allograft organ can be rejected within min-
utes to hours (hyperacute rejection) or a few days (accelerated acute rejection) after 
transplantation [ 6 ,  15 ]. Cross-match tests in gastrointestinal transplantation have 
markedly reduced the incidence of these complications. The antibody response is 
directed at the endothelium of the donor microvasculature activating complement, 
innate immune response and the coagulation cascade [ 16 ]. The main morphological 
alterations are the result of a severe antibody-mediated response to the endothelia:

•    Dilated capillaries with prominent endothelial cells and neutrophils  
•   Marked congestion  
•   Capillary fi brin thrombi  
•   Occasional mucosal ulceration  
•   C4d staining in the endothelium of mucosal and submucosal capillaries    

 The resected specimens usually display arterial thrombosis and vasculitis [ 16 ].  

   Acute Antibody-Mediated (Humoral) Rejection (AMR) 
 The diagnosis of AMR is diffi cult and requires specifi c morphological and histo-
chemical features and the knowledge of whether pre- and/or post-transplant alloan-
tibodies are present. AMR can be isolated or associated with a T-cell-mediated 
acute rejection. The absence of previous allosensitization is a good prognostic fac-
tor, but allospecifi c HLA antibodies may arise de novo after transplantation and can 
trigger the onset of AMR [ 17 ]. 

 The mucosa shows mild vascular congestion of the capillaries with red cell extrav-
asation. These changes are not specifi c, being shared with other pathologies like bac-
terial and viral enteritis and ischaemia. In some cases, immunological endothelial 
damage can occur in the mesenteric arteries inducing progressive mucosal ischaemic 
damage and fi brosis. Vasculitis of the mesenteric arteries can lead to sclerosing mes-
enteritis; only surgical specimens can reveal these morphological changes [ 16 ]. 

 Top differential diagnoses:

•    ACR (the two conditions can coexist)  
•   Reperfusion injury  
•   Surgical complications  
•   Enteritis      

29.1.1.3     Chronic Rejection 
 As with other solid organ transplants, CR is a progressive and chronic graft disease 
characterized by obliterative arteriopathy and graft loss. CR is insidious and lacks 
any morphological hallmarks in the mucosa. Clinical symptoms (watery diarrhoea, 
protein loss) are common to other diseases, but they are progressive and 
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unresponsive to therapy. Submucosa and mesenteric obliterative arteriopathy is the 
main morphological change but is evident only in the surgical specimen of the failed 
graft or in full-thickness biopsy. 

 At endoscopy, the villi are fl at and irregular, and ulcerative areas can be evident, 
while the bowel can be fi rm and fi brotic. 

 Mucosal biopsies show different degrees of fi brosis, low-grade apoptosis, crypt 
separation, mucin depletion and ischaemic damage. Not all these changes are diag-
nostic of CR, and clinical correlations are always required. 

 Surgical specimens often present serosal adhesion of adjacent bowel tracts and 
mesenteritis with fi rm, solid adipose tissue embracing the graft (Figs.  29.9  and 
 29.10 ). The wall is fi rm and thickened.   

  Fig. 29.9    Chronic rejection. Intestinal graft removed. Diffuse peritoneal fi brosis       

  Fig. 29.10    Chronic 
rejection. Intestinal graft 
removed. Perivascular 
fi brosis and mesenteritis in 
the adipose tissue       
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 At histology the hallmark of CR is obliterative arteriopathy. Marked intimal 
hyperplasia, foam cells and a mild mononuclear infl ammatory infi ltrate are the main 
changes occurring in the medium-sized arteries in the submucosa and mesentery 
and mucosal ulcers (Figs.  29.11  and  29.12 ) [ 3 ,  6 ,  9 ].   

 Top differential diagnoses:

•    Severe ACR  
•   CMV chronic infection  
•   Vascular diseases      

  Fig. 29.11    Chronic rejection. Submucosal arteries with thickened wall and narrowed lumen, vas-
culitis and ulcerated mucosa (H&E 5×)       

  Fig. 29.12    Chronic rejection. Perivascular fi brosis and intimal thickening at histology (H&E 
10×)       
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29.1.2     Rejection in Other Organs in MVTx 

 In MVTx the different allografts can display varying forms and degrees of rejection. 
The fi rst site to be involved is usually the distal part of the ileum, but the duodenum, 
stomach and colon may also be affected. Unlike the liver graft, MVTx seldom leads 
to rejection [ 19 ]. In addition, the criteria for the diagnosis of ACR and CR have to 
take into account organ-specifi c alterations. 

29.1.2.1    Stomach Rejection 
 Stomach transplantation may be a part of a MVTx. The ACR changes in the 
grafted stomach are very similar to those encountered in small bowel allograft 
rejection [ 18 ]. 

 The grading scheme proposed by Garcia et al. in 2004 suggests evaluating mor-
phological changes in the different components of the mucosa: surface epithelium, 
lamina propria and glandular epithelium. The evaluation of apoptosis differs from 
bowel biopsies. 

 Morphological changes [ 19 ]:

•    Epithelial apoptosis, expressed as the number of apoptotic bodies/10 HPF  
•   Infl ammatory infi ltrate: lymphocytes and plasma cells with some neutrophils and 

eosinophils  
•   Architectural disarray of the mucosa: erosions, ulcers, hyperplasia and atrophy  
•   Cellular changes (hyperplasia and nuclear pleomorphism)  
•   Oedema, congestion and haemorrhage     

29.1.2.2    Colon Rejection 
 Colon transplantation is part of MVTx. Small bowel and colon share many morpho-
logical changes in ACR. 

 Morphological changes [ 18 ]:

•    Crypt apoptosis is the hallmark feature.  
•   Infl ammatory infi ltrate lymphocytes (blasts and activated lymphocytes), plasma 

cells and neutrophils, graded as mild, moderate or severe.  
•   Granulation tissue.  
•   Fibrosis.  
•   Mucosal regeneration.    

   Graft-Versus-Host Disease 
 GVHD is a rare but often devastating and life-threatening complication after solid 
organ transplantation. GVHD occurs when donor alloreactive T lymphocytes trans-
ferred within the transplanted organ trigger a destructive cellular immune response 
against the recipient’s tissue. Acute GVHD mainly involves skin, liver and gastro-
intestinal tract. Symptoms include a generalized maculopapular, erythematous rash 

29 Small Bowel Transplantation



422

with palm and sole involvement, sometimes pruritic and painful, jaundice, vomit-
ing, diarrhoea and respiratory distress [ 20 ]. The incidence of GVHD is between 5 % 
and 10 %, but the mortality is high both in paediatric and adult recipients [ 21 ]. 
Among 241 patients evaluated by Wu et al. after intestinal transplantation, 22 pre-
sented clinical signs suggestive of GVHD. They concluded that younger children, 
MVTx recipients and those with splenectomy are at higher risk of developing 
GVHD [ 22 ]. 

 Main pathological features:

•    Skin: spongiotic dermatitis with lymphocytic exocytosis, vacuolar degeneration 
and ulcers [ 18 ,  23 ] (Fig.  29.13 ).   

•   Liver: progressive damage to the duct cells by lymphocytes and progressive loss 
of ducts.  

•   Native gastrointestinal tract: apoptosis of the glands/crypts is the hallmark; 
mixed infl ammatory infi ltrate, ulcers and granulation tissue [ 18 ].       

29.1.3     Non-alloimmune Disease in ITx and MVTx 

29.1.3.1    Ischaemia-Reperfusion Injury 
 Some changes due to organ preservation may occur in the mucosa in the fi rst few 
days following transplantation (Fig.  29.6 ). The intestinal mucosa is highly sensitive 
to hypoperfusion and ischaemia, inducing various degrees of epithelial barrier dys-
function. Varying degrees of infl ammation and capillary congestion may also be 
present. These changes resolve quickly and normal histology is usually restored 
within a week after transplantation [ 5 ,  9 ]. Ischaemia-reperfusion injury is known to 

  Fig. 29.13    GVHD. Lymphocytic infi ltrate in upper dermis involving basal epidermal layer, vacu-
olar degeneration of epidermal basal cells, spongiosis and single or multiple necrotic keratinocytes 
(H&E 10×)       
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contribute to allograft rejection and carries a greater sensitivity to bacterial and viral 
infections [ 24 ,  25 ]. Polyethylene glycol (PEG) compounds added to transplant pres-
ervation solutions have been shown to attenuate damage from cold ischaemia both 
in experimental models and in human kidney transplantation [ 26 ,  27 ].  

29.1.3.2    Infections 
 Immunosuppression in IITx and MVTx carries a higher risk of systemic and local 
infections in graft or native tissues. If a GI graft is involved, the symptoms (usually 
diarrhoea and fever) may simulate an acute rejection. In addition to microbiology 
and virology tests and cultures, biopsy is mandatory to identify the pathological 
process.

    (a)    Viral infections 
 Many viruses can involve intestinal recipients, including EBV, CMV, rotavirus, 
adenovirus, calicivirus (human calicivirus) and herpes simplex virus [ 2 ]. 
Recipients at highest risk for CMV or EBV diseases are those previously unex-
posed to the virus pretransplant (antibody negative) who receive an organ from 
an antibody-positive donor [ 28 ].
    EBV infection  
 EBV is a B-lymphotropic herpesvirus 4 DNA virus. The spectrum of clinical 
disease includes a non-specifi c viral syndrome, mononucleosis and PTLD 
including EBV-associated malignant lymphoma (e.g. Burkitt’s lymphoma). 
The main symptoms are increased stomal output, diarrhoea with fever, gastro-
intestinal bleeding and abdominal pain [ 29 ]. 

 Histologic features [ 18 ]:

    (A)     EBV enteritis 
•    Infl ammatory infi ltrate: activated lymphocytes and plasma cells  
•   Increased intraepithelial lymphocytes  
•   Lymphoid aggregates in chronic infection  
•   These morphological changes can be detected both in the allograft and in 

native mucosa      
   (B)     PTLD 

•    Small bowel allograft is the most common site.  
•   Mucosal changes can be patchy and scarcely representative.  
•   Perforation can be the fi rst clinical sign.  
•   In some cases an intestinal mass can be detected.  
•   Lymph node involvement.  
•   Other organs can be involved.  
•   PTLD can be polymorphic or monomorphic. Biopsies should be evalu-

ated by pathologists with long-standing experience both in transplant 
pathology and in lymph node proliferative disorders. All the specimens 
have to be tested in a fi rst step for lymphocyte cell markers such as CD20, 
CD79 and CD3 and in situ hybridization for EBER, a marker of EBV- 
infected cells [ 18 ,  29 ].      
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   (C)    De novo  post - transplant smooth muscle tumour 
•    The muscularis propria shows different changes during IITx and 

MVTx, both in the fi rst steps (ischaemia and reperfusion) and in acute 
rejection [ 30 ].  

•   EBV-associated smooth muscle tumours are rare lesions occurring in 
immunocompromised patients [ 31 ].  

•   EBER stain shows diffuse nuclear staining of smooth muscle cells.  
•   The mucosa can be involved, but the diagnosis is currently performed on 

resected specimens.  
•   The main morphological feature is a proliferation of spindle cells with 

pale cytoplasm associated with marked vascular proliferation [ 18 ].       

     CMV infection 
•    Can occur any time post-transplant, more frequently after ACR.  
•   High risk of infection when the donor is seropositive and the recipient is 

seronegative.  
•   PCR monitoring and prophylactic treatment have reduced the morbidity and 

mortality. 
  Histologic features: see the differential diagnosis with ACR.      

   Rotavirus and calicivirus infection 
•    Any time post-transplant.  
•   More frequent in children.  
•   Diarrhoea is the main symptom.  
•   At histology, blunt villi and a dense mononuclear infi ltrate close to the lumi-

nal surface are characteristic features [ 9 ,  13 ,  32 ].     

   Adenovirus infection 
•    More commonly identifi ed in children.  
•   Risk factors: younger age at transplant and aggressive immunosuppressive 

therapy.  
•   Histological changes involve both graft and native intestine [ 9 ]. 

  Histologic features: see the differential diagnosis with ACR.          

   (b)    Bacterial and fungal infections [ 18 ,  33 ,  34 ]
•    Most common bacterial agents:  Pseudomonas ,  Enterococcus ,  Escherichia 

coli ,  Staphylococcus ,  Klebsiella  and  Clostridium diffi cile   
•   Most common fungal agents:  Aspergillus ,  Candida ,  Cryptococcus  and 

 Pneumocystis     

 Symptoms are correlated to the site of infection and type of infective agent:
•    Wound infection and dehiscence  
•   Fever and malaise  
•   Peritonitis  
•   Systemic involvement in some cases with multiorgan dysfunction    
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  Histologic features:  
 Bacterial infections can induce villi blunting and swelling, increased mixed 
infl ammatory infi ltrate (lymphocytes, plasma cells and granulocytes) in the 
mucosa, erosions and ulcers. The presence of granulomas requires a search for 
acid-fast bacilli with histological staining and culture.   

      Clostridium Diffi cile  infection induces a pseudomembranous enteritis/colitis. 
 Fungal agents are not identifi ed in allograft intestinal biopsies. Many recipients 
with systemic fungal infections show pulmonary and central nervous system 
symptoms. In fatal cases autopsy is mandatory to evaluate the systemic infection 
and the aetiologic agent. 
  Cryptosporidium parvum , which is an HIV-related protozoan pathogen, causing 
frequent watery diarrhoea, nausea, vomiting, abdominal cramps and fever, has 
been found in small bowel transplant patients. The parasite may be seen on the 
luminal border of enterocytes in small bowel graft (Fig.  29.14 ).            
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30.1             Indication 

 Improvement in posttransplant management, particularly in immunosuppressive 
therapy, has led to a dramatic increase in patient survival following solid organ 
transplantation. Specifi cally, immunosuppressive therapy with the calcineurin 
inhibitors (CNIs) cyclosporine and tacrolimus has enhanced survival after ortho-
topic liver transplantation (OLTX) [ 1 ,  2 ]. Despite their associated improved sur-
vival, CNIs are inherently nephrotoxic and often cited as the main cause of chronic 
renal failure (CRF) following OLTX [ 3 – 7 ]. In the fi rst 6 months following OLTX, 
CNIs have been associated with nearly a 30 % decline in glomerular fi ltration rate 
(GFR) [ 3 ]. Moreover, CNIs contribute to the development of CRF in approximately 
18 % of OLTX patients after 13 years, including 9.5 % who progress to end-stage 
renal disease (ESRD) [ 3 ]. Because nephrotoxicity may lead to the discontinuation 
of CNIs, less effective immunosuppressive agents are used, which may result in 
more frequent liver and renal graft dysfunction. For these reasons, CNI toxicity and 
the acceleration of underlying liver and renal disease may necessitate subsequent 
liver and/or kidney retransplantation. 

 Since the implementation of the model for end-stage liver disease (MELD) by the 
United Network for Organ Sharing (UNOS) in 2002 as an objective allocation sys-
tem, priority has shifted to end-stage liver disease (ESLD) patients with renal insuf-
fi ciency. This shift in priority has led to a rapid albeit unintentional increase in the 
number of simultaneous liver–kidney transplants (SLKTs). Specifi cally, since 2001, 
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not only did the number of SLKT increase by more than 300 % but the proportion of 
SLKT to the overall number of OLTX more than doubled from 2.38 % in 2001 to 
5.5 % in 2006 [ 8 ]. Although signifi cant renal impairment had previously been con-
sidered a contraindication for OLTX, SLKT has become a well-established therapeu-
tic option for end-stage renal and liver disease since the fi rst SLKT performed by 
Margreiter et al. in 1984 [ 9 ]. There is compelling evidence supporting the theory for 
an immunoprotective role assumed by the transplanted liver in preventing renal 
allograft rejection in SLKT from the same donor. SLKT recipients span the gamut 
from well-compensated cirrhotics with end-stage renal disease (ESRD) to severely 
decompensated chronic liver patients suffering acute kidney injury requiring con-
tinuous venovenous hemofi ltration in the intensive care unit. At the fi rst extreme, the 
indication for kidney transplantation is clear but the indication for liver transplanta-
tion is less obvious. The liver transplant is usually not urgent, but prevents hepatic 
decompensation after kidney transplantation. Moreover, the liver may also facilitate 
kidney transplantation by shortening waiting time. At the second extreme, the issues 
are exactly reversed. The kidney transplant is not urgent since dialysis can be main-
tained indefi nitely. However, inclusion of the kidney for these critically ill patients 
may avert early posttransplant complications related to renal failure and reduce the 
risk of future ESRD. The increasing prevalence of acute and chronic renal dysfunc-
tion among liver transplant candidates coupled with the burgeoning kidney transplant 
waitlist has motivated physicians to defi ne and standardize selection criteria for 
SLKT [ 10 – 12 ]. The model for end-stage liver disease (MELD) scoring system was 
implemented in 2002 and has been widely accepted as an objective scale of disease 
severity and accurate predictor of liver waitlist mortality [ 13 ,  14 ]. Prioritization of 
liver transplant candidates with renal dysfunction by the MELD system has resulted 
in a substantial increase in the number of simultaneous liver–kidney transplants. 
There are currently no standard criteria for the evaluation of patients with acute kid-
ney injury (AKI) or chronic kidney disease (CKD) requiring liver transplantation 
(LT). The decision to perform SLKT is generally driven by concern over the likeli-
hood of recovery of renal function and the associated increase in mortality in patients 
with non-recovery of renal function following liver transplantation alone (LTA). 
Because the persistence of preoperative renal dysfunction following LT has been 
associated with inferior patient survival [ 15 – 20 ] combined with the fact that kidney 
waitlist survival is comparatively worse for candidates with a previous LT [ 21 ,  22 ], 
transplant programs often follow center-specifi c decision-making oriented toward 
ensuring adequate posttransplant renal function while considering the appropriate-
ness of SLKT. Currently there are several pitfalls in the existing guidelines that make 
it diffi cult to accurately distinguish candidates who will benefi t from SLKT from 
those who will not. These include the defi nition and duration of AKI, glomerular 
fi ltration rate (GFR) determination, and the duration of dialysis. It is well known that 
in patients with cirrhosis, mild degrees of renal dysfunction may go undiagnosed. 
The proposed organ procurement and transplantation network (OPTN) policy for 
SLKT criteria has defi ned AKI based on a GFR ≤ 25 mL/min for a duration of 
≥6 weeks determined by modifi ed diet in renal disease (MDRD) or direct measure-
ments, such as iothalamate. In liver transplant candidates with AKI, duration of 
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dialysis is the main criterion used to determine SLKT candidacy. However, no univer-
sally accepted guidelines exist regarding when dialysis should be initiated in patients 
with cirrhosis; it is largely a subjective decision with a wide spectrum of practice 
variations. In 2004, in response to the lack of a standard defi nition for AKI, the Acute 
Dialysis Quality Initiative (ADQI) Workgroup developed a consensus defi nition and 
classifi cation for AKI, the RIFLE (risk, injury, failure, loss, end stage) criteria, which 
stratifi ed acute renal dysfunction into grades of increasing severity of AKI based on 
changes in patients’ serum creatinine (Scr) or urine output [ 23 ]. Subsequently it was 
recognized that even smaller increases in SCr (absolute increase in SCr ≥ 0.3 mg/dL) 
are associated with adverse outcome, and thus, the criteria were modifi ed in 2007 to 
broaden the defi nition of AKI [ 24 ]. The RIFLE criteria have been validated in more 
than 500,000 patients with AKI, including critically ill patients with cirrhosis pre- 
and post-liver transplantation, and have been shown to predict clinical outcomes with 
a progressive increase in mortality with worsening RIFLE class [ 25 – 29 ]. The summit 
attendees considered the following criteria as an indication for SLKT in patients who 
were on the liver transplant waitlist: (A) candidates with persistent AKI for ≥ 4 weeks 
with one of the following: Stage 3 AKI as defi ned by modifi ed RIFLE, i.e., a three-
fold increase in Scr from baseline, Scr ≥ 4.0 mg/dL with an acute increase of ≥ 
0.5 mg/dL or on renal replacement therapy, and eGFR ≤ 35 mL/min (MDRD-6 equa-
tion) or GFR ≤ 25 mL/min (iothalamate clearance); (B) candidates with chronic kid-
ney disease (CKD), as defi ned by the National Kidney Foundation [ 30 ], for 3 months 
with one of the following: eGFR ≤ 40 mL/min (MDRD-6 equation) or GFR ≤ 30 mL/
min (iothalamate clearance), proteinuria ≥ 2 g a day, kidney biopsy showing > 30 % 
global glomerulosclerosis or > 30 % interstitial fi brosis, and metabolic disease. 

 The most frequent indications are virus- or alcohol-related liver cirrhosis, poly-
cystic disease, genetic or metabolic disorders, and cholestatic disease.  

30.2     Timing 

 The rationale for SLKT is easily justifi ed in patients with ESLD in the setting of 
ESRD requiring chronic renal replacement therapy (RRT). However, the matter is 
more complicated in patients with ESLD who develop acute renal failure when the 
duration or potential reversibility of the renal failure is uncertain as is often the case 
in hepatorenal syndrome (HRS) type II. HRS is generally not considered an indica-
tion for SLKT due to the well-documented reversibility of the renal failure after 
OLTX [ 31 ,  32 ]. It has also been shown that kidneys transplanted from donors with 
HRS result in good renal function [ 33 ]. However, there is currently no consensus as 
to the duration of HRS or RRT after which renal dysfunction is not reversible. The 
lack of this consensus sets the stage for the debate between proceeding with upfront 
SLKT versus LTA with the potential need for sequential renal transplant. The 
advantages of SLKT appear to outweigh the disadvantages. One main advantage of 
SLKT is the enhanced outcomes compared to kidney after liver transplantation 
(KALT) and liver after kidney transplantation (LAKT) likely due to the apparent 
immunoprotection afforded to the kidney by the transplanted liver. 
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 Secondly, a well-functioning kidney allows optimal dosing of necessary immu-
nosuppressants. Lastly, several studies have confi rmed the presence of immune 
complex-mediated glomerulonephropathy (GN) in HCV-positive patients undergo-
ing OLTX even in the absence of clinical signs or symptoms [ 34 – 37 ]. In HCV 
recipients in particular, the underlying renal disease is surely exacerbated following 
OLTX, which would otherwise be preserved in SLKT. The use of SLKT is an effec-
tive and appropriate therapy in patients with ESLD with proven irreversible or 
chronic ESRD. Although the recent increase in SLKT performed each year effec-
tively decreases the number of potential donor kidneys available to patients with 
ESRD awaiting kidney transplantation, SLKT in patients with ESLD and ESRD is 
justifi ed due to the lower risk of graft loss in SLKT compared to liver transplanta-
tion alone (LTA) as well as superior recipient and graft survival compared to serial 
liver–kidney transplantation. 

 There is a paucity of data regarding the need for organ liver transplantation 
OLTX in ESRD patients with asymptomatic liver disease including Child’s A cir-
rhosis. This issue is important because of the incidence of hepatitis C positive 
(HCV+) in dialysis patients of 10–40 %, coupled with the fact that ESRD patients 
have a MELD score of 21 with normal bilirubin and international normalized ratio 
(INR) [ 38 ,  39 ]. However, the question remains whether these patients are best 
served with kidney transplant alone (KTA) versus SLKT. The determination of 
SLKT versus KTA must be based on liver histology and signs of portal hypertension 
with wedge hepatic vein pressure being the gold standard [ 40 ]. In addition, long-
term survival analysis showed an overall successful outcome [ 41 ,  42 ] with a com-
parable graft and patient survival rate in SLKT patients when compared with LTx or 
KTx alone [ 43 ]. Moreover, SLKT for polycystic disease is justifi ed when the patient 
is symptomatic with dyspepsia, upper abdominal pain, and malnutrition; the liver is 
full of cysts; and the patient needs to have hemodialysis.  

30.3     Type of Donor 

 The ideal cadaveric heart-beating donor for SLKT is aged < 60 years without his-
tory of kidney diseases, hypertension, and/or diabetes in stable pressure condition 
without or with mild dosage of vasopressor drugs. When a cadaveric donor is aged 
< 55 years and the body weight is more than 70 kg and the liver function tests are 
normal, in particular gamma-glutamyl transferases (GGT) without sign of liver ste-
atosis at liver biopsy, part of the liver can also be suitable for SLK transplantation, 
splitting the liver if the donor is hemodynamically stable. More often, cadaveric 
heart-beating donors are extended criteria donors (ECD), and liver biopsy is manda-
tory to assess the liver quality especially in the case of hepatitis B virus antibody 
core antigen positive, moderate or severe liver steatosis, and age > 60 years; in the 
latter case, a kidney biopsy is also mandatory to evaluate whether the kidneys are 
suitable for single kidney transplant or double kidney transplant or not suitable for 
transplant.  
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30.4     Technique 

30.4.1     Harvesting Procedure 

 The basic technique for liver procurement consists of mobilization of the liver with 
division of its ligaments and dissection of the bile duct, the portal vein trunk, the 
hepatic artery as far as the celiac triad, and the inferior vena cava above and below the 
liver [ 44 ]. When the heart is perfused with cardioplegic solution, the abdominal 
organs are washed with a hypothermic preservation solution. The liver is then removed 
and its vascular pedicles are defi nitively isolated on the bench and prepared for anas-
tomosis. During liver removal, the dissection maneuvers must respect the anatomical 
structures of the liver and those of other abdominal organs, such as the kidneys. Due 
to the frequent hemodynamic alterations of patients with irreversible brain damage, 
and so as not to lose the organs if these alterations should occur during the operation, 
the fi rst surgical maneuvers should aim to control the vessels which allow a rapid 
perfusion of the abdominal organs: the aorta and inferior mesenteric vein. Exploration 
of the aorta for a few centimeters immediately above the inferior mesenteric artery 
may reveal the presence of accessory renal polar arteries which should be left intact 
during the subsequent removal of the kidneys. The subhepatic inferior vena cava is 
then identifi ed and divided just above the outlet of the renal veins. The kidney har-
vesting is performed after aorta clamping and liver removal, cutting the aorta above 
the iliac artery plane and opening the anterior aortic wall, dividing the renal hilum of 
each kidney, and separating the vena cava from the left renal vein and maintaining the 
right renal vein with a cava cuff to extend the length of the right renal vein, if neces-
sary. Each ureter is preserved and harvested from the donor bladder, keeping it as long 
as possible with tissue to maintain vasculature and avoid ischemic problems.  

30.4.2     Combined Liver and Kidney Transplantation Technique 

 The abdominal incision most commonly used in adult liver transplantation is the 
bilateral subcostal incision, extended to the left as far as the midclavicular line, to 
the right as far as the midaxillary line, and on the median line as far as the xiphoid 
cartilage (“Mercedes incision”) [ 45 ]. Hilar dissection consists of ligation of the 
dividing branches of the hepatic artery, followed by the common bile duct. The por-
tal trunk is completely detached from the lymphatic tissue and is followed distally 
as far as the bifurcation where the vein will be ligated before the end of total hepa-
tectomy. Mobilization of the liver continues by dividing the triangular ligaments and 
dividing the vena cava dorsal ligament; mobilization of the left caudate lobe from 
the left side of the vena cava, ligating accessory hepatic veins and mobilizing the 
anterior wall of the vena cava. Venous bypass [ 46 ] is routinely performed for poly-
cystic disease: the bypass guarantees hemodynamic stability during the anhepatic 
stage and prevents problems connected with splanchnic and caval sequestration, in 
particular renal insuffi ciency due to venous stasis. After portal trunk clamping and 
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sectioning into the liver as far as possible to obtain a long stump, the vena cava is 
clamped with a vascular clamp above the liver, and the vena cava is divided a few 
centimeters inside the parenchyma; in this way fi rst the lumen of the hepatic veins 
and then the caval lumen are encountered. To obtain a wide venous cuff, the outlet 
of the three hepatic veins is used. Caval anastomosis is performed with running 
suture in Prolene 4-0, according to the piggyback technique described by Tzakis 
et al. [ 47 ]; portal anastomosis is constructed with Prolene 6-0 running suture with 
growth factor described by Starzl et al. [ 48 ] followed by liver reperfusion and then 
arterial anastomosis with the donor common hepatic artery and recipient common 
hepatic artery at the level of the gastroduodenal artery outlet with Prolene 7-0 run-
ning suture. Biliary reconstruction is usually performed with an end-to- end common 
bile duct anastomosis over a Kehr tube with PDS 6-0 running suture. Once the lapa-
rotomy in the right upper abdomen has been closed, a Gibson incision is performed 
in the right or left iliac fossa to accommodate the kidney graft. After isolation of the 
external iliac vessels with an extraperitoneal approach, the graft renal vein is anas-
tomosed in end-to-side fashion with the recipient external iliac vein with Prolene 6-0 
running suture; the graft renal artery is anastomosed in end-to-side fashion with the 
recipient external iliac artery with Prolene 7-0 running suture. Ureteral anastomosis 
is performed with the bladder as described by the Lich- Gregoir technique with PDS 
5-0 running suture with 6–12 French ureteral stent positioning.      
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  31      Kidney-Pancreas Transplantation 

             Ugo     Boggi     ,     Piero     Marchetti     , and     Gabriella     Amorese    

31.1             Introduction 

 Beta-cell-penic diabetic patients require insulin therapy, appropriate dietary inter-
vention, and regular exercise in order to achieve tight metabolic control and reduce 
the incidence and the severity of chronic complications of diabetes [ 1 ]. Most patients 
do acceptably well under this therapeutic regimen, but intensive insulin treatment 
does not completely eliminate chronic complications and carries the signifi cant risk 
of hypoglycaemia [ 2 ]. 

 Depending on their severity, diabetic complications may be partially or totally 
reversed by pancreas transplantation, but their development carries negative prog-
nostic implications. Diabetic nephropathy, in particular, decreases life expectancy 
[ 3 – 11 ]. Proteinuria alone produces a 15-fold increase in the risk of heart disease, 
compared with non-proteinuric diabetic patients, and a 40-fold increase, compared 
with the general population [ 4 ,  6 ]. When requiring dialysis, 75 % of insulin- 
dependent diabetic patients do not survive longer than 5 years [ 12 – 20 ]. 

 Simultaneous pancreas-kidney (SPK) transplantation is currently considered the 
preferred therapeutic option in beta-cell-penic diabetic patients with end-stage renal 
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failure. Some patients, however, may initially receive a renal transplant, often from 
a live donor, and subsequently become candidates for a pancreas after kidney 
transplantation.  

31.2     Indications 

 Kidney-pancreas transplantation is indicated in diabetic patients with imminent or 
established end-stage renal disease [ 21 ]. The procedure renders patients free of 
renal failure and provides a physiological means of achieving normoglycaemia, 
which associates with increased life expectancy, elimination of the acute complica-
tions commonly experienced by patients with diabetes, and benefi cial impact on 
long-term vascular complications [ 22 ,  23 ]. 

31.2.1     Diabetes and Its Burden 

 Diabetes is one of the most common chronic diseases in nearly all countries and 
continues to increase in number and signifi cance [ 24 ,  25 ]. The International 
Diabetes Federation reports that the current prevalence of diabetes among adults 
aged 20–79 years in the world is of around 8 %, corresponding to more than 
380 million people, increasing to 592 million people in 2035, in accordance with 
recent estimations [ 25 ]. The disease can be diagnosed by the use of the following 
criteria [ 24 ]: (a) presence of classic symptoms of hyperglycaemia or hyperglycae-
mic crisis and a random plasma glucose value ≥200 mg/dl (11.1 mmol/l); (b) 
fasting plasma glucose (FPG) value ≥126 mg/dl (7.0 mmol/l), with fasting defi ned 
as no caloric intake for at least 8 h before the test; (c) glycated haemoglobin 
(HbA1c) value ≥6.5 % [provided the test is performed in a laboratory using a 
method that is National Glycohemoglobin Standardization Program (NGSP) cer-
tifi ed and standardized to the Diabetes Control and Complications Trial (DCCT) 
assay]; (d) 2-h plasma glucose level ≥200 mg/dl (11.1 mmol/l) during an oral 
glucose tolerance test (OGTT), using a glucose load containing the equivalent of 
75 g anhydrous glucose dissolved in water. In the absence of clear symptoms of 
hyperglycaemia, criteria (b) to (d) should be confi rmed by repeat testing. In addi-
tion, three categories of increased risk for diabetes have been identifi ed: impaired 
fasting glycaemia (IFG) for FPG values of 100–125 mg/dl (5.6–6.9 mmol/l); 
impaired glucose tolerance (IGT), for 2-h plasma glucose on the 75-g OGTT 
between 140 and 199 mg/dl (7.8–11.0 mmol/l); and the situation when HbA1c 
value is 5.7–6.4 % [ 24 ]. For all these three conditions, risk is continuous, extend-
ing below the lower limit of the range and becoming greater at higher ends of the 
range [ 24 ]. On the basis of aetiology and clinical presentation, diabetes is classi-
fi ed into four types: type 1 (caused by autoimmune destruction of the insulin-
producing beta-cells in the pancreas and representing 5–10 % of all cases), type 2 
(characterized by relative insulin defi ciency and insulin resistance, very often 
associated with obesity, and accounting for approximately 90 % of cases), 
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gestational diabetes (with onset or fi rst recognition during pregnancy), and an 
heterogenous group identifi ed as other specifi c types that includes forms due to 
monogenic defects leading to beta-cell failure, genetic defects in insulin action, 
diseases of the exocrine pancreas, endocrinopathies, drugs or chemicals, infec-
tions, uncommon forms of autoimmunity, and other genetic syndromes some-
times associated with diabetes [ 24 ]. 

 Diabetes is associated with high morbidity and increased mortality [ 24 ,  25 ]. The 
disease enhances the risk of heart disease and stroke two- to fourfold, and 50–70 % 
of people with diabetes die of these events. Diabetic retinopathy is a major cause of 
blindness that occurs in approximately 2 % of patients after 15 years of diabetes; 
moreover, about 40–50 % of patients develop severe visual impairment over the 
years. Despite improved therapies, diabetes remains the leading cause of kidney 
failure, and 10–20 % of people with diabetes die of kidney failure (see also below). 
Diabetic neuropathy, in one or more of its several forms, affects up to 50 % of 
people with diabetes, and in combination with reduced blood fl ow, neuropathy in 
the feet increases up to 25-fold the chance of foot ulcers and eventual limb amputa-
tion severalfold. Finally, close to four million deaths in the 20–79 age group may be 
attributable to diabetes in 2010, and the proportion of deaths due to diabetes in 
people under 60 years of age was close to 50 % in 2013 [ 25 ].  

31.2.2     The Role of Kidney-Pancreas Transplantation 

 It is accepted that 20–40 % of diabetic patients develop diabetic nephropathy over a 
period of 25 years from the diagnosis of disease, and 5–15 % progress to ESRD [ 24 , 
 25 ]. Persistent albuminuria in the interval of 30–299 mg/24 h is considered an early 
stage of diabetic nephropathy in type 1 diabetes and a marker for development of 
nephropathy in type 2 diabetes [ 24 ]. Although evidence has been provided to show 
spontaneous remission of albuminuria in this category (up to 40 %) or stabilization 
without progressing to more elevated levels of albuminuria (≥300 mg/24 h) over 
5–10 years of follow-up (30–40 %), the remaining patients will tend to move to the 
more signifi cant levels of ≥300 mg/24 h and will be likely to progress to ESRD 
[ 24 ]. These patients will ultimately require life-sustaining, long-term renal replace-
ment therapy, either in the form of dialysis or kidney transplantation. In the pres-
ence of type 1 diabetes, and in selected cases of type 2 diabetes, patients could 
benefi t of a kidney-pancreas transplantation. The fi rst kidney and pancreas trans-
plant was performed in 1966 by William Kelly and Richard Lillehei at the University 
of Minnesota, USA [ 26 ]. Since then, more than 40,000 pancreas transplants have 
been performed worldwide [ 27 ]. Of them, >80 % have been done in patients with 
kidney failure who therefore have undergone a simultaneous pancreas-kidney (SPK) 
transplantation. In approximately 10 % of cases, a kidney transplant has been per-
formed fi rst, followed by a pancreas after kidney transplant (PAK) because of poor 
glycaemic control or progression of chronic vascular diabetic complications, includ-
ing the possible development of diabetic nephropathy in the transplanted kidney. In 
many cases (75 % in 2012), recipients of a PAK have fi rst undergone a living donor 
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kidney transplant [ 27 ]. The remaining 8–10 % of pancreas transplants (pancreas 
transplant alone, PTA) have been done in diabetic patients with preserved renal 
function, but experiencing extreme diabetes instability and/or progressive vascular 
diabetes complications [ 28 ,  29 ]. In PTA, patients may develop end-stage renal dis-
ease due to the nephrotoxic effects of immunosuppressive drugs (calcineurin inhibi-
tor in particular), which, in turn, may lead to a subsequent kidney transplantation 
(around 6 % at 5 years) [ 29 ]. Renal function before PTA is a strong predictor of 
end-stage renal disease after PTA, with cumulative risk at 10 years increasing from 
21.8 % with pre-PTA estimated glomerular fi ltration rate (eGFR) of ≥90 ml/
min/1.73 m 2  to 52.2 % with eGFR <60 ml/min/1.73 m 2  [ 30 ]. In the SPK and PTA 
categories, 1- and 5-year patient survival is of around 95 % and >80 %, respectively, 
and the corresponding kidney graft survivals are of approximately 95 % (1 year) and 
80 % (5 years) [ 27 ]. The current 1- and 5-year survival rates for the pancreatic graft 
are 89 and 71 % in SPK, 86 and 65 % in PAK, and 82 and 58 % in PTA, with a clear 
trend to further improvements [ 27 ,  28 ,  31 – 33 ].  

31.2.3     Criteria for Kidney-Pancreas Transplantation 

 Since kidney-pancreas transplantation has benefi cial effects on life expectancy, 
course of microvascular and macrovascular diabetes complications, and quality of 
life [ 27 ,  28 ,  31 – 33 ], the procedure is indicated in type 1 diabetic patients with end- 
stage renal disease (on dialysis or in the pre-emptive stage), in whom the risks of 
surgery and immunosuppression are deemed acceptable and lower than those of 
dialysis therapy and scarcely effective insulin therapy. Selected type 2 diabetic 
patients (not obese, with progressive vascular diabetic complications) can also be 
considered [ 27 – 29 ,  34 ]. Indications and admission criteria for kidney-pancreas 
transplantation in our centre, which are based on available evidence [ 27 – 29 ,  31 – 34 ], 
are as follows: end-stage renal disease (on haemodialysis or peritoneal dialysis) and 
type 1 diabetes [selected type 2 diabetic patients (not obese and with chronic diabe-
tes vascular complications) may also be considered]; chronic renal failure (before 
dialysis – pre-emptive – with measured LOW glomerular fi ltration rate) and type 1 
diabetes [selected type 2 diabetic patients (not obese and with chronic diabetes vas-
cular complications) may also be considered]; severe nephrotic syndrome and type 
1 diabetes [selected type 2 diabetic patients (not obese and with chronic diabetes 
vascular complications) may also be considered]; acceptable surgical and immuno-
suppressive therapy risks; appropriate psychosocial attitudes; age <60 years; the 
absence of additional exclusion criteria. The latter that may be permanent or tempo-
rary include HIV positivity [with the exception of admission in specifi c protocols 
[ 35 ]], neoplasms (also depending on tumour type and biology, activity, clinical and 
pathologic stage, duration of disease-free period), infections, severe heart diseases 
and/or polidistrectual atherosclerosis, severe chronic respiratory failure, liver fail-
ure, uncorrectable urinary tract abnormalities, bilateral iliac vein thrombosis, 
chronic coagulopathies, psychiatric diseases, mental retardation, drug addiction 
(including chronic ethylism), and severe obesity.   
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31.3     Timing 

 Diabetic patients do poorly under dialysis. As a consequence, the earlier the trans-
plant, the better the result. 

 An analysis on 6,496 patients showed that pre-emptive SPK ( n  = 1,466) was 
associated with an adjusted 17 % reduction (HR = 0.83; 95 % CI, 0.69–0.98; 
 p  = 0.042) in the rate of kidney allograft failure compared to non-pre-emptive 
SPK. The benefi t of pre-emptive SPK persisted with the composite outcome of mor-
tality from any cause or kidney allograft loss, irrespective of the modality used to 
deliver chronic dialysis [ 36 ]. 

 Becker et al. reported a registry analysis on 11,825 type I diabetic patients who 
underwent a fi rst kidney transplantation alone or SPK transplantation. Most patients 
( n  = 10,118) had non-pre-emptive transplantation (living donor kidney = 2,438; 
deceased donor kidney = 3,375; deceased donor SPK = 4,305). The remaining 1,707 
patients were transplanted pre-emptively (living donor kidney = 714; deceased 
donor kidney = 169; deceased donor SPK = 824). Pre-emptive SPK was associated 
with a lower risk for graft loss (adjusted risk ratio [RR] graft failure, 0.79;  p  = 0.01) 
compared with non-pre-emptive SPK. Further, pre-emptive SPK conferred a signifi -
cantly lower adjusted mortality risk [RR 0.50 ( p  < 0.001)] [ 37 ]. 

 Wiseman et al. reported an OPTN/UNOS analysis on type I diabetic recipients 
who received either a live donor kidney transplant ( n  = 1,381) or an SPK ( n  = 5,441). 
Overall, 2,027 patients were transplanted pre-emptively, including 1,529 SPK recipi-
ents. The remaining 4,795 patients were transplanted after initiation of chronic dialy-
sis, including 3,912 SPK recipients (1,700 < 1 year of dialysis; 2,212 after 1–2 years 
of dialysis). Graft survival was improved in pre-emptive SPK (7-year unadjusted 
graft survival 77 %) as compared to either <1 year of dialysis SPK (70 %;  p  = 0.05) 
or 1–2 years of dialysis SPK (73 %;  p  <= 0.02). Patient survival was also improved in 
pre-emptive SPK (7-year unadjusted survival 89 %) as compared to either <1 year of 
dialysis SPK (84 %;  p  = 0.01) or 1–2 years of dialysis SPK (84 %;  p  < 0.001) [ 38 ].  

31.4     Donor Selection 

 Since the results of SPK are strongly infl uenced by the quality of the donor, most 
transplant centres adopt a restrictive policy to accept pancreas grafts. However, if on 
one hand this policy is likely to improve the outcome of SPK in the individual 
patient, on the other, it widens the gap between the number of the patients on the 
waiting list and those who are actually transplanted. Expansion of criteria for donor 
acceptance should therefore be considered. 

 Most pancreas grafts are currently obtained from deceased, heart-beating, 
donors. The use of live donors has also been described [ 39 ], and donation after car-
diac death is increasingly used especially in the USA [ 40 ] and in the UK [ 41 ]. 

 The suitability of a pancreas donor is based on general criteria common to all organ 
procurements as well as on specifi c pancreas-related factors. Probably the single most 
relevant factor to determine pancreas suitability for transplantation is inspection by an 
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experienced pancreas transplant surgeon, despite being a subjective criterion that can-
not be standardized. The prototype pancreas donor is a brain- dead donor, aged 
between 10 and 45 years, with a BMI ≤30 kg/m 2 , who died for causes other than 
cerebrovascular [ 42 ,  43 ]. Additional factors that play a major role are duration of stay 
in the intensive care unit, use of high-dose vasopressors, history of cardiac arrest, and 
hypernatraemia. These parameters have also been used to construct risk scores for 
pancreas donation (i.e. the Pre-Procurement Pancreas Suitability Score [P-PASS] and 
the Pancreas Donor Risk Index [P-DRI]) [ 42 ,  44 ]. The predictive value of these scores, 
and hence their practical utility, remains to be determined. 

 Donor age is a very important variable. Very young donors are carefully consid-
ered because of the small size of the graft and the increased risk of thrombosis, 
because of the small size of the vessels. Most centres accept pancreas grafts from 
donors with a minimum weight of 30 kg. The use of donors older than 45 years, on 
the other hand, is known to increase the risk of technical graft failure [ 45 ]. 

 Cause of death is another important factor. The “ideal” pancreas donor is a young 
trauma victim with no associated morbidity. Also young patients who died from 
intracranial bleeding, because of congenital cerebral aneurysm, are good pancreas 
donors. Death from ischemic stroke, instead, is associated with the presence of mul-
tiple comorbid factors, such as hypertension and atherosclerosis, that are known to 
negatively infl uence the result of SPK. 

 Hyperglycaemia, in the absence of history of diabetes, is often seen in brain-dead 
donors and, per se, does not contraindicate pancreas donation. Similarly, hyperamy-
lasaemia does not necessarily correspond to pancreas damage in the absence of 
specifi c risk factors. Hyperamylasaemia is often caused by salivary gland trauma. 

 Vasopressors are commonly used in brain-dead donors to maintain satisfactory 
tissue perfusion. However, the use of powerful high-dose vasoconstrictor agents 
(e.g. epinephrine or norepinephrine) is considered a relative contraindication by 
many transplant surgeons. History of cardiac arrest, if short lived and successfully 
reversed, does not contraindicate pancreas donation. 

 Donor obesity is often considered a contraindication. In particular, grafts with 
fatty degeneration are considered more likely to develop posttransplant pancreatitis, 
thrombosis, and infection. Despite the lack of a clearly defi ned cutoff level, donor 
BMI above 30 kg/m 2  is usually considered a signifi cant risk factor and donor BMI 
above 35 kg/m 2  an absolute contraindication. 

 Regarding organ allocation, AB0 group compatibility and negative crossmatch 
are usually required, while HLA matching is not critical for SPK transplants.  

31.5     Surgical Techniques 

31.5.1     Pancreas Procurement and Back-Table Preparation 
of the Graft 

 The University of Wisconsin solution, originally developed as a preservation solu-
tion for pancreas transplantation [ 46 ], remains the “gold standard” for preservation 
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of pancreas grafts. HTK [ 47 ] and Celsior [ 48 ] solutions, originally developed for 
cardioplegia, are also used for pancreas preservation. If cold ischaemia is main-
tained within 12 h, pancreas grafts are preserved equally well irrespective of the 
type of preservation solution. 

 Pancreas retrieval is usually performed in multiorgan donors. All suitable donors 
should be pancreas donors, irrespective of variations in hepatic vasculature. 
Exceptions to this rule can occur because of special needs of the liver recipient or 
organizational issues. 

 Techniques for pancreas procurement can be summarized into two main strate-
gies: quick en bloc procurement after minimal normothermic dissection [ 49 ] and 
extensive warm dissection followed by individual graft retrieval [ 50 ]. The fi rst tech-
nique is mandatory if the donor in unstable and is often preferred because of limited 
graft manipulation and lower risk of iatrogenic injury to both the pancreas and 
hepatic vasculature [ 49 ]. 

 As previously mentioned, pancreas inspection and quality of visceral perfusion 
play a major role in determining pancreas suitability for transplantation. Grafts with 
fi brosis and/or calcifi cation, intralobular fat, and severe oedema should be discarded. 

 With few exceptions, pancreas allografts are composed by the entire pancreas 
plus a duodenal segment. At the back table, the pancreas graft must be carefully 
prepared by cleaning excessive fat, preparing vascular pedicles, trimming duodenal 
segment, and removing the spleen. 

 Since the celiac trunk and the hepatic artery go with the liver, creation of a single 
anastomotic pedicle requires the use of a Y-bifurcated iliac graft, made of common, 
external, and internal donor iliac arteries. The peripheral branches of the Y-shaped 
graft are anastomosed end-to-end to the stumps of the superior mesenteric artery 
and the splenic artery. Despite the patency of one of these two large arteries that is 
usually suffi cient to supply the entire pancreas graft and duodenal segment, varia-
tions in the origin of the dorsal pancreatic artery and intraparenchymal vasculature 
can produce segmental graft infarction after occlusion of one large arterial pedicle. 
To verify the presence of valid collateral circulation, a small amount of preservation 
solution can be injected in one of the two arteries. Brisk backfl ow from the other 
arterial pedicle, as well as outfl ow from the portal vein, indicates satisfactory col-
lateral circulation. The absence of arterial backfl ow requires revascularization of the 
gastroduodenal artery [ 51 ]. 

 The duodenal segment is trimmed at the appropriate length and closed by a sta-
pler. Closures are reinforced and inverted. We prefer to place a Foley catheter in the 
duodenal segment to provide temporary drainage of pancreatic juice after reperfu-
sion in order to avoid duodenal overdistension [ 49 ].  

31.5.2     Graft Implantation 

 Most of the surgical challenges associated with pancreas transplantation revolve 
around the high risk of vascular thrombosis and the diffi cult management of exo-
crine secretions. Despite improved results, no surgical technique, and even no single 
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surgical step, has achieved universal acceptance [ 52 ]. The incision is usually a mid-
line laparotomy, but the two grafts can also be transplanted through two separate 
iliac, hockey stick, incisions. The graft can be placed “head up” or “head down”, in 
the pelvis, right fl ank region, or over the mesenteric root. Venous effl uent can be 
achieved either in the portal or systemic circulation. 

 Typically, the pancreas is transplanted on the right side, because of the more 
convenient venous anatomy, and the kidney on the left iliac fossa. Ipsilateral SPK 
transplantation can also be accomplished, to spare one iliac axis or because of spe-
cifi c recipient needs. Exocrine secretions can be drained in the bladder or in the gut. 
Enteric drainage occurs in the small bowel either directly or through a Roux-en-Y 
loop. Newer techniques include direct anastomosis with recipient duodenum [ 53 ] or 
stomach [ 54 ]. Alleged advantages of these methods include direct access to donor 
duodenum for endoscopic biopsy, but concerns remain on safety, especially when 
recipient duodenum is involved, if allograft pancreatectomy becomes necessary. 

 Recently, we have described the technique for laparoscopic robot-assisted, pan-
creas transplantation including SPK transplantation [ 55 ,  56 ]. The advantages of a 
minimally invasive approach would seem obvious in the fragile diabetic recipient, 
but safety and effi cacy of this newer technique need to be further assessed. 

 Kidney transplantation employs standard techniques, but if performed through a 
transperitoneal approach, the graft should be fi xed in order to avoid twisting around 
the renal pedicle [ 57 ]. 

 Cold ischaemia time exceeding 20 h has long been recognized a negative prog-
nostic factor for the occurrence of surgical complications after pancreas transplanta-
tion. A growing burden of evidence shows that cold ischaemia time should actually 
be reduced to 12 h or less, especially when using less than ideal donors [ 43 ].   

31.6     Postoperative Management and Outcome 

31.6.1     Immunosuppression 

 Despite recent improvements, the results of pancreas transplantation continue to be 
challenged by high rejection rates [ 58 ]. Because of this concern, the use of T-cell 
depleting antibody induction is often employed. 

 Maintenance immunosuppression regimens are based on steroids, tacrolimus, 
and mycophenolate in more than 80 % of cases [ 59 ,  60 ]. The switching to cyclospo-
rine and/or mammalian target of rapamycin is considered to reverse the side effects 
related to the standard regimen or under individual circumstances [ 61 ,  62 ].  

31.6.2     Postoperative Care 

 After the transplant, recipients are monitored in the postanaesthesia care unit or 
intensive care unit. Ventilatory and haemodynamic assessment is paramount during 
recovery. A complete blood count, complete chemistry, coagulation profi les, chest 
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radiograph, and EKG are routinely obtained. Vital signs, oxygen saturation, and 
urine output are checked frequently. The fi rst 24–48 h posttransplant is of over-
whelming importance. 

 During this early period most of the efforts are focused to avoid vascular throm-
bosis. Although there is no agreed protocol for anticoagulant prophylaxis, most 
centres use early heparin infusion followed by oral antiplatelet agents. Antimicrobial, 
antifungal, and antiviral prophylaxis are also used routinely.  

31.6.3     Major Posttransplant Complications 

 The propensity of the pancreas to vascular thrombosis, the need to manage exo-
crine secretions, and the high burden of medical comorbidities associated with 
diabetes and uraemia have all compounded the historical high rate of early com-
plications after pancreas transplantation. Despite not all these complications are 
caused by a surgical error or misadventure, they are usually referred to as “surgi-
cal complications” because they often require surgical reintervention. Incidence 
has declined over time, but approximately 20 % of recipients still require at least 
one relaparotomy after pancreas transplantation [ 63 ]. Surgical complications 
remain the leading cause of early graft loss [ 64 ], now occurring in less than 5 % 
of pancreas transplants [ 63 ]. Graft survival, but not patient survival, is reduced by 
surgical complications [ 63 ]. 

 The risk of major, potentially life-threatening, complications persists long term 
in fewer than 3 % of recipients in the form of pseudoaneurysm or arterioenteric 
fi stula [ 65 ]. Chronic rejection may trigger these catastrophes [ 66 ,  67 ].  

31.6.4     Follow-Up 

 Follow-up is key to the success of all solid organ transplants and in particular to 
SPK which couples the challenges of all other transplants (i.e. therapeutic noncom-
pliance, infections, rejection, etc.) to the specifi c challenges posed by transplanting 
diabetic patients (i.e. presence of established secondary complications, risk of auto-
immune reactivation, etc.). In a modern transplant centre, follow-up after SPK 
should be multidisciplinary. 

 In the early posttransplant period, follow-up focuses on prevention of vascular 
thrombosis, prevention and treatment of infections, achievement and maintenance 
of therapeutic drug levels, and monitoring for rejection. The lack of reliable markers 
for pancreas rejection remains a major issue. When pancreatic rejection is sus-
pected, despite seemingly good renal function, pancreas biopsy is the only tool to 
achieve a reliable diagnosis. 

 In the long-term period, besides all needs associated with the follow-up of kid-
ney transplant recipients, SPK recipients should be followed up regarding the evolu-
tion of secondary complications of diabetes. Death with functioning grafts remains 
a major issue in the long-term period. SPK recipients should therefore be strongly 
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encouraged to adopt a healthy lifestyle, in order to reduce their inherent high cardio-
vascular risk profi le. 

 Recent evidence suggests also the need, besides standard immunologic follow-
 up, to closely monitor SPK with regard to de novo donor-specifi c anti-HLA anti-
bodies [ 68 ]. 

 Recurrence of autoimmunity is a further possibility that should be born in mind 
in this recipient population, as it could occur much more frequently than previously 
believed [ 31 ].  

31.6.5     Outcome 

 Patient and graft survival rate for primary SPK transplant constantly improved over 
the last several years and now exceed 95 and 85 %, respectively [ 69 ]. The half-life 
of pancreas grafts now averages 16.7 years, achieving the longest duration found 
among extrarenal grafts [ 70 ] and nearly matching that of renal grafts from deceased 
donors [ 71 ]. 

 Infection is the leading cause of death in the early posttransplant period, while 
cardiovascular events become prevalent long term. Other relevant causes of death 
are haemorrhage and malignancy [ 69 ]. 

 Graft loss has a strong impact on the relative risk (RR) of recipient death. When 
the renal graft fails, the RR of recipient death increases almost 11-fold. When the 
pancreas fails, the RR of recipient death increases almost threefold. The RR of 
recipient death is also increased by patient age (≥45 years) and the need for pre-
transplant dialysis or previous kidney transplant [ 69 ]. 

 Vascular complications, intra-abdominal infections, and graft pancreatitis can 
cause pancreas loss, but the leading cause of pancreas failure remains rejection [ 72 , 
 73 ]. Autoimmunity can also induce graft loss [ 74 – 77 ]. 

 The diagnosis of pancreatic rejection can be proven only by core biopsy. A rise 
in serum creatinine can herald pancreatic rejection (the so-called sentinel kidney), 
but isolated pancreatic rejection has also been described [ 78 ]. An increase in serum 
amylase and lipase can be a further sign of pancreatic rejection, but it is not specifi c. 
Hyperglycaemia refl ects islet destruction or severe isleitis and, as such, is a very late 
marker of rejection. 

 Antibody-mediated rejection (AMR) can also occur [ 79 ]. Pancreatic AMR is a 
combination of serological and immunohistological fi ndings consisting of DSA 
detection, morphological evidence of microvascular injury, and C4d staining in 
interacinar capillaries. 

 Recurrence of autoimmune disease can also occur despite immunosuppression 
[ 75 ,  80 ]. A possible interplay between AMR and autoimmune recurrence has also 
been described [ 80 ,  81 ]. Recurrence of autoimmunity occurs with isolated hyper-
glycaemia, without functional impairment of renal allograft or elevation of pancre-
atic enzymes. In these patients, islet cell autoantibodies against GAD, IA-2, and 
ZnT8 antigens have persisted, have increased, or have reappeared after pancreas 
transplantation [ 74 ,  75 ,  77 ]. These antibodies are accompanied by circulating 
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autoreactive CD4 or CD8 T cells. Biopsy shows insulitis and beta-cell loss without 
the features typically associated with allograft rejection. The rise of autoantibodies 
precedes hyperglycaemia by several years. Treatment options are nonspecifi c and 
include more sophisticated immunosuppressive therapies to target T cells, B cells, 
and autoantibodies. Plasmapheresis may also be used [ 74 ,  75 ].  

31.6.6     Infections and Malignancies 

 Despite improved results, malignancies and bacterial, viral, and fungal infections 
remain a signifi cant cause of mortality and morbidity [ 82 ]. 

 The occurrence of viral infections may be facilitated to the fact that most diabetic 
patients have an impaired immune system and may not produce antibodies against 
cytomegalovirus and Epstein-Barr virus [ 83 ]. 

 Posttransplant proliferative disorder (PTLD) is the most common malignancy 
after SPK, but the incidence of other cancers is also increased being three- to fourfold 
higher compared with matched and healthy population [ 84 ]. The cumulative inci-
dence of PTLD from SRTR/Annual Data Report at 4 years is 0.9 % after SPK [ 58 ]. 

 Polyomavirus (BK) can induce a severe nephropathy (BKVN) and is an impor-
tant cause of renal graft loss following SPK. Routine screening for BK viraemia and 
an early treatment in case of positivity may protect from BKVN development. 
Recent data have shown that CNI and mycophenolate reduction and introduction of 
lefl unomide may be important to block BK reactivation [ 85 ].      
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