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These strategies may be applied prior to transplantation or, in the case of acute antibody-mediated rejection,
after transplantation. Many new drugs are appearing at
the horizon; however, these drugs are far from the clinic
because they are in phase Ⅰ-Ⅱ of clinical trials. Thus
the pipeline for the near future appears almost empty.

Abstract

Core tip: Clear evidence exists that shows that donorspecific-HLA antibodies (DSAs) are the primary players
in the acute and chronic deterioration of graft. The
emergence of sensitive techniques that detect DSAs,
together with advances in the assessment of graft
pathology, has enabled an improved understanding
of antibody-mediated graft injury. Acute and chronic
antibody-mediated rejection conditions have changed
the nomenclature during recent Banff conferences and
have enabled the dismissal of older terminologies, such
as chronic allograft nephropathy. Therapies aimed at B
cells and plasma cells and that control complement activation will be extremely important for improving longterm outcomes in kidney transplantations.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Donor-specific antibodies; Solid-phase techniques; Complement activation; Renal transplantation;
Antibody-mediated rejection; Desensitization; New
drugs for B-cells

Allo-antibodies, particularly when donor specific, are
one of the most important factors that cause both early
and late graft dysfunction. The authors review the current state of the art concerning this important issue in
renal transplantation. Many antibodies have been recognized as mediators of renal injury. In particular donorspecific-Human Leukocyte Antigens antibodies appear to
play a major role. New techniques, such as solid phase
techniques and Luminex, have revealed these antibodies
from patient sera. Other new techniques have uncovered
alloantibodies and signs of complement activation in
renal biopsy specimens. It has been acknowledged that
the old concept of chronic renal injury caused by calcineurine inhibitors toxicity should be replaced in many
cases by alloantibodies acting against the graft. In addition, the number of patients on waiting lists with preformed anti-human leukocyte antigens (HLA) antibodies
is increasing, primarily from patients with a history of renal transplant failure already been sensitized. We should
distinguish early and late acute antibody-mediated rejection from chronic antibody-mediated rejection. The
latter often manifets late during the course of the posttransplant period and may be difficult to recognize if
specific techniques are not applied. Different therapeutic
strategies are used to control antibody-induced damage.
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INTRODUCTION
Despite improvements in renal transplantation outcomes,
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cross-match is typically performed to detect cytotoxic
DSAs. The main disadvantages of the CDC assay are that
it is subjective and cumbersome and will only detect complement-fixing antibodies[16]. Indeed, ABMR has occurred
in patients with a negative cross-match. This observation
may indicate that the CDC lacks the sensitivity required
to detect some clinically significant antibodies; moreover,
acute ABMR can occur in recipients with immunological memory and undetectable levels of circulating HLA
antibodies at the time of transplant[17]. Cross-match (XM)
and antibody detection techniques have improved with
time and show increased sensitivity and specificity[18,19].
Flow cytometry (FC) is another cell-based technique
that was introduced more than 20 years ago to improve
sensitivity. This test also lacks specificity, and with the
introduction of solid-phase assays (SPA), the use of FC
has been superseded. The introduction of SPA detection, while providing greater sensitivity than CDC assays,
has resulted in a new paradigm with respect to the interpretation of DSAs. Although SPA using the Luminex
instrument has permitted the detection of antibodies not
detectable by CDC, the clinical significance of these antibodies is not fully understood. In addition, SPA testing
raises technical issues that require resolution and careful
consideration when interpreting antibody results. SPA,
such as flow cytometry using antigen-coated micro particles, enzyme-linked immunosorbent assays (ELISAs)
and Luminex, are now used to determine the specificity
of anti-HLA antibodies and to better interpret positive
CDC-XM results.
ELISA has an advantage over the CDC because
is more sensitive and detects antibodies that not fix
complement. However, non-specific binding to other immunoglobulins may occur in patients with autoimmune
disorders. When detecting antibodies using flow panelreactive antibody (PRA) beads, micro-particles are coated
with purified HLA molecules[19]. The fluorescence is then
measured using flow cytometry and the level of fluorescence is indicative of the level of antibody binding.
Luminex technology also uses pools of HLA class Ⅰ
or Ⅱ antigen-coated micro-particles. These beads are
colored with a combination of two dyes. Serum reactivity is assessed based on the fluorescent signal of each
HLA-coated micro particle[19]. The Luminex platform
enables the determination of DSAs specificity by using
single HLA-coated beads and provides a relative indication of the antibody strength and level in the circulation
by returning results to the user in the form of mean
fluorescence intensity (MFI)[20]. However, MFI is not
standardized across labs, and there is some arbitrariness in determining the MFI thresholds. Molecules with
equivalent soluble fluorochrome (MESF) and maximum
fluorescence values, obtained using the Luminex machine, enable more standardized measures of antibody
strength[21,22].
According to the consensus publication by the National Conference to Assess Antibody-Mediated Rejection in Solid Organ Transplantation[23], a current positive
CDC or anti-human immunoglobulin-CDC (CDC-AHG)

kidney allograft loss remains substantial and is associated
with increased morbidity, mortality and costs[1,2]. Clearly,
the identification of the critical pathologic pathways underlying allograft loss and the development of therapeutic interventions that improve the duration and quality of
allograft function are among the most important targets
for transplant medicine. One of the most important advances of the past decade has been the realization that
the insufficient control of the humoral arm of a recipient’s immune system by current immunosuppressive
regimens[3] is the factor primarily responsible for allograft
dysfunction and loss[4-6].

ALLOGRAFT ANTIBODY EVOLUTION IN
TRANSPLANTATION
The induction of allograft injury alloantibodies induced
has now superseded the historical dogma that allograft
losses were caused by the toxicity of calcineurin inhibitors (CNIs) and by chronic allograft nephropathy (CAN).
Indeed, nephrotoxicity and CAN as causes of late graft
failure are being challenged by the findings of the LongTerm Deterioration of Kidney Allograft Function
(DeKAF)[6-8] and other studies[9,10].
In addition, recent therapeutic strategies that have
permitted the human leukocyte antigens (HLA) to be
crossed have created a new population at risk of antibody-mediated rejection (ABMR), which has enabled
these patients to be studied over an extended time period.
The emergence of sensitive techniques that detect
donor-specific anti-HLA antibodies (DSAs) and other
HLA and non-HLA antibodies together with advances
in the assessment of graft pathology have expanded the
spectrum of ABMR.
The different technologies used by researchers and
the significance of alloantibodies found by these technologies led recently to a consensus conference that elaborated upon consensus guidelines for testing and clinical
management issues associated with HLA and non-HLA
antibodies in transplant recipients[11] .
As a consequence of this increase in knowledge, the
term CAN was deleted in the Banff ’05 meeting report[12].
In the Banff ’07 and Banff ’09 conferences[13,14], the concept of ABMR was further evaluated, and ABMR was
definitively included in the Banff classifications.
The Banff ’11 meeting report[15] and the recent Banff ’
13 conference (unpublished data) further elaborated
upon new concepts in ABMR, which included the significance of C4d-negative and C1q-positive ABMR.

DETECTION OF ANTIBODIES AND THEIR
SIGNIFICANCE
Preformed antibodies targeted against HLAs or antibodies formed de novo after transplantation predispose to
either acute or chronic ABMR. These antibodies can be
detected using several techniques.
A complement-dependent lymphocytotoxicity (CDC)

WJT|www.wjgnet.com
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Table 1 Technological advantages and limitations of luminex human leukocyte antigens single antigen bead
Technological advantages

Technological limitations

Qualitative: enables precise identification of all antibody specificities in
complex sera (DSA)
Comprehensive: distinguishes antibodies to all common alleles for
HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DRB3/4/5, HLA-DQA1,
HLA-DQB1, HLA-DPA1, HLA-DPB1
Semiquantitative: enables determination of antibody levels (high,
intermediate, and low)

Some positive results can be caused by antibodies to denatured HLA
Occasional high background binding requiring repeat testing and
absorption protocols
Variable HLA protein density on beads. Blocking factors may cause falsenegative or misleading low assessment of antibody levels (prozone?);
IgM and C1 can block IgG binding

Sensitive: enables detection of weak antibody testing
Rapid: enables real-time antibody monitoring for DSA. Pretransplantation and post-transplantation antibody monitoring (assist
diagnosis of ABMR). Virtual XM
Enables detection of non-HLA-specific antibodies (e.g., MICA)
Detection and differentiation between immunoglobulin class and
isotype (e.g., complement fixing and non-complement fixing C4d and C1q

Lot-to-lot variation requiring validation. Vendor-specific variation

Reagents not standardized

ABMR: Antibody mediated rejection; DSA: Donor specific HLA antibodies; HLA: Human leukocyte antigens; MICA: Major histocompatibility complex
class I-related chain A; SAB: Single-antigen beads; XM: Cross-match.

cytotoxicity cross-match (CXM) predisposes to a high
risk of ABMR or early graft loss. A current positive CDC
or CDC-AHG CXM is a contraindication for transplantation unless DSAs can be reduced using desensitization
protocols. A positive flow CXM or a remote (historic)
positive CDC or CDC-AHG CXM poses an intermediate
risk for early acute rejection and may require augmented
immunosuppression.
The wide use of the Luminex technique with its
increased specificity and sensitivity did uncover a new
paradigm. Using the Luminex technique DSAs have been
found in patients who show a negative classic CDC. Several studies have shown that these results represent a risk
factor, but not a formal contraindication for transplantation[24-26].
These facts lead to workshops and Consensus Guidelines to further understand these technologies[11,27].
The recent consensus guidelines highlighted the
technological advantages and limitations of Luminex as
shown in Table 1.
In addition, the consensus guidelines[11] considered
the following modifications to SPA for detecting new antibodies and assessing their functionality.

way.
The results of this technique still remain under debate. Although some authors[31] have reported no correlation with the clinical course in kidney transplant patients,
others[32] have reported that both C1q and C4d Luminex
assays show increased sensitivity and specificity and that
they can be useful for both pre-transplant risk assessment
and post-transplant monitoring.
Detection of antibodies targeted to non-HLA antigens
The endothelial cell is the principal target used to detect
non-HLA antibodies involved in ABMR. Historically, different assay systems have been used to identify and characterize AECA including CDC[33], flow cytometry[34] and
immunofluorescence[35].
The primary limitation is that the endothelial cells
used for the detection and characterization of AECA
have been derived from third-party donors, and that the
cells used show different protein expressions and distinct
phenotypes[36]. Surrogates of endothelial cells, such as
MICA may be useful. However, MICA is not expressed
constitutively on the endothelium; rather, its expression is
induced under conditions of cellular stress.
Lymphocyte XM tests fail to detect AECA. The
cross-match ONE assay is a Food and Drug Administration (FDA)-approved endothelial ECXM technique that
uses endothelial cell precursor cells found in the peripheral blood at a frequency of 1%-2%[37]. An advantage of
this test is that it detects DSAs and can be used to test
for antibodies targeted to T lymphocytes, B lymphocytes
and endothelial cells in the same assay[38].
Proteomics approaches using protein extracts from
different sources, including cell lysates and protein microarrays are being used for antibody screening and identification of specificities[39,40].
A variety of non-HLA targets have been identified including MICA, vimentin, angiotensin Ⅱ type 1 receptor,
tubulin, myosin and collagen Ⅴ. In general, single antigen bead (SAB) testing permits reassessment of the im-

C4d assay
The C4d assay[28,29] shows superior specificity compared
with the CDC. The C4d assay requires complement activation to occur and is influenced by complement regulatory
factors. Clinical data obtained using various modifications
of the C4d assay have shown that the presence of C4d+
antibodies correlates with graft survival in the kidney and
hearts[28,29].
C1q assay
The C1q assay was designed to distinguish complementfixing from non-complement-fixing antibodies and does
not require complement activation other than the binding
of C1q to the antibody[30]. It detects antibodies capable
of binding complement and initiating the classical path-
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munologic risk for kidney transplantation. Traditionally,
high panel-reactive antibody, re-transplant and deceased
donor grafts have been associated with increased risk.
However, the risk factors for ABMR are DSAs, reduced
HLA matching and evaluation of DSAs using different
techniques[41].

of neo-antigens may induce an autoimmune response.
An autoantibody specific for angiotensin Ⅱ receptor type 1 has been associated with the development
of hypertensive vasculopathy and acute renal allograft
dysfunction [57] . Antibodies directed towards MHC
class Ⅰ polypeptide-related sequences A (MICA) and
B (MICB), and not classical HLA molecules, have been
implicated in transplant rejection in recipients who were
otherwise well-matched for HLA due to the contribution
of MICA antigens towards the activation of cellular and
humoral immune responses[58].
The HLA complex encodes molecules crucial for
the initiation and proliferation of the immune response.
It is highly polymorphic and polygenic and its proteins
are co-dominantly expressed. The HLA genes that are
involved in the immune response belong to classes Ⅰ and
Ⅱ, which are structurally and functionally different. Recently, DSAs have been reported to activate endothelial
cells, thereby increasing their potential to recruit and bind
recipient leukocytes and increasing the potential for allograft inflammation[59,60].
Approximately 30% of patients on waiting list show
detectable levels of HLA antibodies[61]. After transplantation, 25% of non-sensitized patients develop de novo
HLA-DSAs.
In both groups of patients, the presence of these
antibodies increases the risk of subsequent ABMR[9]. The
development of a histological test to identify antibodymediated complement activation on transplant biopsies
(C4d staining) has provided a method for flagging potentially deleterious interactions between antibodies and
the graft endothelium. In addition, molecular techniques,
such as gene expression profiling, have enabled the identification of subclinical endothelial cell damage that can
be present even in the absence of complement activation
or detectable DSA[62]. Recent studies have documented
the role of B cells and antibodies in transplantation. A
study by Lynch et al63] described a technique that may enable a more global assessment of B-cell reactivity to the
allograft. Their results suggest that humoral responses to
the allograft may be more common than previously appreciated. Antibodies reactive to donor human leukocyte
antigen molecules, minor histocompatibility antigens, endothelial cells, red blood cells or auto antigens may trigger or contribute to rejection at both early and late time
points after transplantation[64]. Often, the immune system
shows an integrated response that results in allograft
rejection involving parallel or simultaneous T cell mediated rejection (TCMR) and ABMR[65]. Antibody-mediated
injury to the allograft is initiated by DSAs binding to
HLA antigens or to other targets on the allograft endothelium. If DSAs are complement-activating, the classic
complement pathway is rapidly activated via IgG binding
and C1q activation[66]. This process typically results in the
rapid loss of the allograft. Alternatively, DSAs can bind
endothelial cell targets and stimulate cell proliferation or
induce antibody-dependent cell-mediated cyto-toxicity
with interferon γ release[45]. These processes appear to
be more important for the development of the chronic

PATHOPHYSIOLOGY
An increasing body of evidence suggests that patients
with high titers of anti-HLA antibodies (particularly if
they are donor-specific) that develop either pre-transplant
or post-transplant, show a worse outcome. At any given
time, approximately 25% of transplant recipients show
antibodies against HLA antigens when evaluated using
the newest, highly sensitive and specific techniques for
DSAs monitoring[42,43]. Moreover, antibodies against nonHLA have also been implicated in ABMR[44]. Antibodies
may mediate endothelial injury via complement-dependent or independent mechanisms by transducing signals
that are pro-inflammatory and proliferative[45].
Preformed or de novo DSAs clearly cause acute and
chronic ABMR; however the role and scope of non-HLA
antibodies in mediating graft injury and loss remains less
certain[46].
One hypothesis is that alloantigen sensitization occurs
based on non-HLA polymorphic differences between the
donor and the recipient [e.g., major-histocompatibilitycomplex (MHC) class Ⅰ-related chains A and B (MICA
and MICB, respectively)]. Unfortunately progress in this
area has been limited by a lack of validated clinical assays
for non-HLA alloantibodies, the confounding presence
of HLA-DSAs and, in the case of MICA antibodies, a
lack of proof of specificity[47].
A second hypothesis is that auto antigen sensitization
occurs due to exposure of cryptic epitopes after tissue injury or inflammation (including vimentin, K-α Ⅰ tubulin,
collagen V and agrin).
Although anti-HLA antibodies are responsible for
the majority of antibody-mediated injuries, they do not
underlie all ABMRs. In addition, as discussed above, the
major histocompatibility antigens and a large number of
minor antigens have been recognized as possible antibody targets[48-50].
Endothelial cells are targets for immune-mediated assaults via anti-endothelial cell antibodies (AECAs). The de
novo development of circulating anti-endothelial cell antibodies, rather than pre-existing antibodies, is associated
with post-transplant allograft rejection[51].
Apoptotic endothelial cells (ECs) release a bioactive
C-terminal fragment of perlecan called laminin G-like
3 (LG3)[52]. LG3 behaves as a neo-antigen and induces
the production of anti-LG-3 antibodies. Recently, these
anti LG-3 antibodies have been documented to be novel
accelerators of immune-mediated vascular injury and to
obliterate remodeling[53].
Vimentin[54], collagen V[55] and K-α 1 tubulin[56] are involved in the ABMR of organ other than kidney as neoantigens. The apoptosis of ECs and subsequent exposure
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antibody-mediated injury that is more dependent on natural
killer (NK) cells than the complement[67]. Antibodies may
also bind HLA and other targets and incompletely activate
the complement system without causing apparent injury.
This process is referred to as accommodation[68].
ABMR is a continuous process, and its oscillation is
characterized by fluctuations in DSAs, C4d deposition
and dynamic and multidirectional glomerulitis and/or
capillaritis scores[69]. The time to diagnosis of ABMR is
highly dependent on the population studied. Early-onset
ABMR (typically occurring within the first months after
transplantation) is observed predominantly in patients
with preformed DSAs, whereas late acute ABMR occurs primarily in patients who develop de novo DSAs
after transplantation. Indeed, the pathologic and clinical
manifestations may vary, including hyper-acute humoral
rejection, acute humoral rejection, indolent or subclinical
humoral rejection, “C4d”-negative humoral rejection and
late acute humoral rejection.

plantation. Each recipient was matched with 5 control
patients. The majority of recipients were sensitized. Allograft survival rates at 1, 5 and 10 years in the group that
developed acute ABMR were significantly lower than in
the control group.
In another study[60] of a cohort of 355 adult kidney
transplant recipients, all with a negative CDC-XM, C1qfixing DSAs did not predict acute ABMR or allograft
loss; however, the presence of class Ⅰ DSAs (versus class
Ⅱ donor specific antigens) predicted acute ABMR and
allograft loss.
Indolent or subclinical acute ABMR
Chronic rejection is often preceded by the occurrence of
an acute ABMR due to the fact that modern therapeutic
strategies fail to deplete antibody secreting plasma cells
from the spleen and bone marrow of patients[80].
In addition, kidney transplant recipients who develop
de novo DSAs are now recognized to often show pathologic features of indolent and slowly progressive microvascular abnormalities, which are referred referred to
occasionally as subclinical acute ABMR[16,77,81]. The appearance of de novo DSAs likely results from inadequate
immunosuppression and represents a dynamic process
that begins early after transplantation and continues at
varying levels thereafter.

ACUTE ABMR
Hyper-acute ABMR
The pathology of hyper-acute rejection overlaps completely with acute ABMR. It arises within minutes or a
few hours after transplantation in pre-sensitized patients
who have circulating HLA, AB0, or other alloantibodies
to the donor endothelial surface antigens[70]. The outcome
is always poor.

C4d negative acute ABMR
Initial evidence for C4d-negative acute ABMR emerged
in 2009 based on the work of the teams in Paris[69] and
Edmonton[62]. The latter study demonstrated high endothelial-specific gene expression in kidney transplant biopsy samples with DSAs but without C4d. In this study,
C4d-negative acute ABMR was characterized by the high
intragraft endothelial gene expression of allo-antibodies,
by histology typical of chronic or acute ABMR and by
poor outcomes. Several hypotheses have been generated
to explain the lack of complement deposition despite
the evidence of micro-vascular inflammation and persistence of DSAs in the circulation. The low sensitivity of
C4d[13,82] could be due to technical issues including the
type of fixative used and the different methods used to
detect C4d (immunofluorescence versus immunochemistry). Moreover, as documented by the Edmonton study,
some DSAs, although showing poor complement-fixing
ability, may nonetheless activate endothelial cells[62]. Another possibility is that the various prophylactic strategies used to prevent ABMR may decrease the burden of
complement activation within capillaries[80].
Given the concerns over the lack of sensitivity of
C4d for kidney transplantations, a working group was
established at the 2011 Banff conference to refine the
criteria used for diagnosis of ABMR in the kidney[15].
Although the 2013 Banff Conference, held in Fortaleza
(Brazil) in August 2013, has ended, to the best of our
knowledge, this work remains in progress.

Acute ABMR
The diagnosis of acute ABMR relies upon the criteria
shown: (1) morphologic evidence of acute tissue injury:
acute tubular injury, neutrophils and/or mononuclear
cells in PTC and/or glomeruli and/or capillary thrombosis, fibrinoid necrosis/intramural or trans-mural inflammation in arteries; (2) immuno-pathologic evidence for
antibody action: C4d and/or (rarely) immunoglobulin in
PTC; Ig and complement in arterial fibrinoid necrosis;
and (3) serologic evidence of circulating antibodies to
donor HLA or other anti-donor endothelial antigen. The
endothelial injury has been recently reviewed completely
by Drachenberg and colleagues[71]. Although acute ABMR
generally occurs within the first year after transplantation
in pre-sensitized patients[72], it may also develop years
after transplantation and is often triggered by a decrease
in immunosuppression (iatrogenic, non-compliance or
malabsorption)[5,73-75].
Several patients with acute ABMR show a negative
cross-match, which may be due to low level DSAs that
are undetectable[76] or to de novo DSAs[77].
Recently, an increased risk of acute ABMR has been
associated to elevated pre-transplantation soluble B-cell
activating factor (BAFF)[78], whose neutralization may be
an interesting therapeutic strategy.
Recently, Orandi et al[79] examined the long-term effect of early acute ABMR on kidney allograft and patient
survival in 201 adult kidney transplant recipients who
developed acute ABMR within the first year after trans-
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Anti-human leukocyte antigens (class Ⅱ)
antibodies bind to endothelial cells

Alloantibody production (accomodation?)

Antibody interaction with alloantigens with
deposition of C4d in PTC and possibly glomeruli

Antibody (direct)

Complement

Inflammatory cells

Coagulation

Changes in endothelial cell phenotype

Pathologic changes

Pan-capillaritis/injury

Interstitial inflammation

Graft dysfunction
Progressive glomerular injury, capillary
obliteration, interstitial fibrosis and tubular atrophy

Figure 1 Stages of chronic antibody-mediated chronic rejection. PTC:
Peritubular capillaries.

Figure 2 Proposed pathogenetic mechanisms for transplant glomerulopathy.

formed DSAs and primarily occurs in sensitized patients,
late-acute ABMR often depends upon de novo DSAs.
De novo DSAs appear in 25% of non-sensitized patients[77]. De novo DSAs are often linked to late-acute
ABMR and are characterized as occurring in patients who
are young, with frequent non-adherence or suboptimal
immunosuppression[74]. The observation that many cases
of de novo DSAs are associated with prior therapy non-adherence or with a history of a clinical acute cellular rejection episode, suggests that immunosuppression is a potent inhibitor of the activation of mature, naïve B cells[83].
However, the observation that some cases of de novo
DSAs formation appear in compliant patients suggests
that either T cells capable of helping naïve B cells emerge
despite immunosuppression or that some allo-reactive B
cells may differentiate into antibody-secreting cells in the
absence of T cell assistance. The antibody-producing cells
may also originate from an existing population of memory
B cells that do not require T-cell mediated activation[84].

ney microcirculation endothelium, which is observed as
a duplication (double contours) and/or multilamination
of capillary basement membranes together with the substantial replacement of endothelial fenestrations with a
continuous endothelial lining[87]. DSAs, particularly HLA
antigen class Ⅱ antibodies may cause insidious graft
injury and therefore constitute a central causative factor
of transplant glomerulopathy (Figure 2). Although the
international Banff consensus criteria classify transplant
glomerulopathy as chronic ABMR if the pattern is accompanied by detectable DSAs and diffuse or focal linear
C4d positivity in peritubular capillaries[4-6], Mauiyyedi et
al[88] detected the deposition of C4d in peritubular capillaries in 61% of biopsies from patients showing chronic
rejection with transplant glomerulopathy. In addition, a
study by Regele et al[89] reported the presence of C4d in
peritubular capillaries in 34% of patients with transplant
glomerulopathy and this staining presaged the later development of transplant glomerulopathy.
Pathologic patterns of chronic ABMR are observed
in renal biopsies performed either for clinical indications
or for protocol at a much later date after kidney transplantation[5-83]. In addition to reduced immunosuppression and non-adherence, early acute rejection appears to
play a relevant role during late chronic ABMR. Indeed,
several years ago, Cosio et al[90] documented that in 1-year
surveillance biopsies, the degree of inflammation at 1-year
post-transplant predicts the loss of graft function and
graft failure independently of function and other variables (Figure 3).
Recently El Ters et al[91] reported that early acute
rejection, even in the absence of pre-transplant DSAs,
increases the risk of alloimmune allograft loss late after
transplantation and that the phenotype of this late loss
is chronic ABMR. The hypothesis of this study was that
the formation of new DSAs, particularly class Ⅱ DSAs,
may be a consequence of early acute rejection[92]. El
Ters et al[91] noted that the presence of inflammation
in 1-year protocol biopsies correlated with early acute
rejection, presensitization, re-transplantation and HLA
mismatch. He also observed that chronic ABMR was responsible for 43% of allograft loss.

CHRONIC ABMR
The clinical significance of chronic ABMR has been
increasingly documented in recent years with some data
suggesting that it may represent the leading cause of
late allograft loss[4]. In contrast to acute ABMR, chronic
ABMR is a long-term process that develops in sequential steps over a period of months to years[85]. Chronic
ABMR has been proposed to arise over a series of stages
or states[86]. The first common event is the production
of alloantibodies followed by antibody interaction with
alloantigens, resulting in the deposition of C4d in peritubular capillaries (PTC) and possibly glomeruli, followed
by pathologic changes and graft dysfunction (Figure 1).
Diagnostic features of chronic ABMR may include the
presence of DSAs, transplant glomerulopathy (TG), peritubular capillary basement multilayering and the presence
of C4d[27].
TG and PTC basement multilayering represent the
histological hallmark of chronic ABMR. Transplant glomerulopathy is a morphological pattern of chronic kidney injury that lacks detectable immune-complex deposits
and is associated with poor kidney transplant outcomes.
It is primarily an endothelial pathology that affects kid-
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Table 2 Anti-antibodies main drugs to date in use and mechanism of action
Steps

Cells or mechanisms
involved

Drugs

Mechanism of action

Exposure to antigen

B Cells

Secretion of alloantibodies

Plasma cells; antibodies

Rituximab
ivig
Bortezomib

Complement activation

Plasma- exchange
ivig
Eculizumab

Binds CD20 on B cells and mediates cell lysis
Multiple B cell apoptosis, decrease in B-cell proliferation
Decrease donor-specific alloantibody production
Mechanical removal of alloantibodies
Multiple B cell apoptosis, decrease in B-cell proliferation

Binding of antibodies to the graft

Graft survival

100

100

Normal

90

Fibrosis

80

Fibr and mild
inflammation

70

Fibr and severe
inflammation

Blocks cleavage of terminal complement C5 and halts the process
of complement-mediated cell destruction

C4d-/DSAC4d-/DSA+
C4d+/DSAC4d+/DSA+

75

50

60
25
50
40
12

24

36
t /yr

48

0

60

6

12

t /mo

18

24

Figure 4 Deterioration of kidney allograft function study. Graft survival at
2-year according presence of donor-specific-HLA antibodies (DSAs) and/or
C4d. HLA: Human leukocyte antigens.

Figure 3 Five year post-transplant graft survival according 1-year posttransplant surveillance biopsy.

In surveillance biopsies performed at 3 years after
transplantation, Willicombe[93] reported that, despite excellent serum creatinine values, only one-third of biopsies
were normal and that lesions appeared to correlate with
the risks of immunological injury.
The 5-year follow-up data of the patient cohort from
the DeKAF study[94,95] documented the role of antibodies
in late graft dysfunction. Indeed, these studies showed a
great number of patients with inflammation accompanying fibrosis or scarring, and their graft survival correlated
with the presence of DSAs and/or C4d (Figure 4).
The therapeutic approach to these conditions is one
of the major challenges to date in the treatment of transplanted patients.
Finally, recent studies[96,97] examining BAFF, a B-cell
stimulating molecule, showed that the appearance of
soluble BAFF levels early after transplantation correlated
with the de novo development of DSAs and, ultimately,
with the progression to chronic active ABMR in pediatric and adult first kidney transplant recipients who were
highly desensitized prior to transplantation.
Hill et al[98] described a new insight into the pathogenesis of chronic ABMR. DSAs-positive patients showed
a striking acceleration of arteriosclerosis. Pathologic examination revealed that the inner intima is hypercellular
with actively proliferating myofibroblasts that lay down
collagen that often overlies older, condensed collagen of
pre-transplantation donor origin.
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THERAPY
The primary drugs or systems used are shown in Table
2 and are divided based on their action on the different
maturation steps of B cells. The primary therapeutic
strategies used are the following: (1) removal of antibodies; (2) inhibition of antibody production; (3) complement inhibitors; (4) intravenous immunoglobulins; and (5)
splenectomy.
Removal of antibodies by plasmapheresis or
immunoabsorption
Plasmapheresis (PP) and immunoabsorption (IA) techniques have been used to remove alloantibodies. PP is not
specific for immunoglobulins (Ig) removal and requires
replacement with fresh frozen plasma and albumin. IA
shows high affinity for binding Igs and has the advantage
of specificity over PP.
However, due to the tendency of DSAs to rebound
and return to baseline levels, several repeated treatments
are required[99] or an additional inhibitor of antibody production is required.
Inhibition of antibody production
Rituximab (anti-CD20): Rituximab is a chimeric murine/human monoclonal antibody that binds CD20 on
pre B and mature B lymphocytes[100,101]. Recently rituximab has been documented to also prevent an anamnestic
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response in patients with cryptic sensitization to HLA[102].

ment of ABMR.

BAFF blockade: BAFF, also known as B lymphocyte
stimulator (Blys), is a member of the tumor necrosis factor cytokine family and is expressed primarily on T cells
and dendritic cells for B-cell co-stimulation. BAFF binds
to the receptor B-cell maturation antigen (BCMA), to the
transmembrane activator (TACI) and to BAFF-receptor
(BAFF-R) for B cell survival, proliferation and maturation[103].
BAFF blockade is a possible future therapy for renal
transplantation. These drugs are highly promising because they selectively target B cells. Nevertheless no clinical trial is active in the field of transplantation although,
these drugs have either been approved or are being examined for other diseases in large studies.
The best BAFF blockade drug is belimumab, which
is a fully human recombinant IgG monoclonal antibody
targeted against BAFF[104].

Splenectomy: Splenectomy has been used in desensitization protocols and in the treatment of refractory acute
ABMR[114,115]. Splenectomy removes a major source of
lymphocytes, but the effect on the immune system is
permanent and places the patients at risk for the development of sepsis.
As discussed in the pathophysiology chapter, we
should distinguish the following: (1) acute ABMR; and (2)
chronic ABMR.
Acute ABMR
Early acute ABMR often occurs in patients with DSAs
prior to transplantation with a CDC-XM-positive with
the donor. Even after successful desensitization strategies and successful kidney transplantations acute ABMR
occurs in up to 40% of recipients. A later occurrence of
acute ABMR is typically noted in patients with de novo
DSAs and often after the reduction of immunosuppression or non-adherence[116,117].
We should now distinguish between the prevention
and the treatment of acute ABMR.

Bortezomib: Bortezomib is a proteasome inhibitor that
is primarily used to treat acute ABMR or to decrease de
novo DSA levels post-transplantation[105,106]. In further
pilot studies, the authors used bortezomib in desensitization protocols with encouraging results[107,108].

Prevention of acute ABMR: Patients waiting for a
transplant may be highly immunized and many show
detectable DSAs in their serum. Sensitized patients who
are DSAs-negative with negative XM-CDC may be transplanted safely. They will likely require more immunosuppressive therapy and an induction therapy[118-120].
The different desensitization protocols apply primarily
to DSA-positive patients who are XM-CDC positive. The
majority of the current protocols are modified version of
the high-dose IVIG initiated at the Cedars-Sinai Medical
Center or of the PP with low-dose IVIG initiated at John
Hopkins Hospital[121].
Jordan initially provided[122] high dose IVIGs (2 g/kg)
to cross-match-positive recipients, and the patients received a kidney transplant when their CDC T cell XM
became negative. Due to the high rate of acute ABMR,
Jordan[123] decided to use alemtuzumab induction treatment and added rituximab to the protocol to decrease the
acute rejection rate.
More recently, Vo et al[124]at the Cedars-Sinai reported
on the 24-mo outcomes of the aforementioned desensitization protocol and showed a 2-years graft survival of
84% in 76 hyper immune XM-positive recipients.
The other approach to desensitization comprises
the use of PP and low-dose anti cytomegalovirus IVIG
(CMV Ig). This approach was first adopted in 1998 at
John Hopkins Hospital in XM-incompatible living donor
kidney transplant candidates[125]. Patients received PP
and CMV Ig at 100 mg/kg after each PP, combined with
tacrolimus and mycophenolate mofetil. In a recent study,
Montgomery et al[126] successfully desensitized 211 DSApositive recipients of living donor kidneys with PP and
low-dose IVIG.
A differing approach is the use of peri-transplant

Complement inhibitors
Eculizumab: Eculizumab is a humanized monoclonal
antibody targeted against complement protein C5 that
binds the C5 protein with high affinity and inhibits its
cleavage to C5a and C5b, thereby preventing the generation of the terminal complement complex C5b-9.
Eculizumab is used for the treatment of paroxysmal nocturnal hemoglobinuria and for atypical hemolytic uremic
syndrome. Stegall et al[109] documented a decrease in posttransplant acute ABMR in sensitized renal transplant
recipients, indicating its usefulness for desensitization
protocols. Case reports have documented the effective
rescue treatment of severe complement activation and
reversal of acute ABMR by eculizumab in AB0-incompatible kidney-pancreas transplants and re-transplanted
kidney recipients[110,111].
Intravenous immunoglobulins
Intravenous immunoglobulins show pleiotropic effects: They neutralize circulating anti-HLA antibodies
via anti-idiotypic antibodies, inhibit complement activation by binding C3b and C4b and neutralizing C3a and
C5a[112]. They also inhibit the expression of CD19 on
activated B cells and induce the apoptosis of B cells[113].
Intravenous immunoglobulins (IVIGs) also show inhibitory effects on cellular immune responses with no specific inhibitory effects on the immune system by binding
to Fcy receptors on macrophages, neutrophils, platelets,
mast cells and NK cells.
IVIGs are used to decrease PRA levels in highly
sensitized patients, in desensitization protocols of AB0incompatible and XM-positive patients and in the treat-
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immunoabsorption rather than plasmapheresis. In 68
patients with deceased donors, Bartel and colleagues used
peri-transplant IA followed by post-transplant IA and
obtained excellent transplant outcomes[127].
Overall, over the last 13 years, almost 1000 patients
with DSAs underwent kidney transplants and used varying desensitization protocols. The patient and graft survival rates are 95% and 86%, respectively, at the 2-year
median follow-up. The primary issue is the high rates
of acute rejection and of ABMR in particular (28%)[128].
New drugs are being developed to reduce this high rate
of ABMR.
Stegall et al[109] added eculizumab during the pre-posttransplant period in DSAs-positive patients and obtained
7.7% post-transplant acute ABMR compared with 41.2%
in the control group. However, at 2-years after transplantation the incidence of chronic ABMR was similar between the two groups. Chronic ABMR remains a major
issue when transplanting hyper-immune patients.
A different option is to use the proteasome inhibitor
bortezomib. In pilot studies, bortezomib has been used in
desensitization protocols with encouraging results[107,108]. It
is being used in a current ongoing a prospective iterative
trial of proteasome inhibitor-based desensitization[129].
The trial has been approved by the International Review
Board (IRB) and is being conducted under the auspices
of FDA. Preliminary data suggest that bortezomib-based
desensitization regimens comprising only two cycles (8
doses) may consistently reduce immunodominant HLA
antibody levels and that multiple treatments with bortezomib (two-cycle regimen) may enable highly sensitized
patients to undergo transplantation without IVIGs.

Of these treatments, rituximab has been used most
frequently, and two studies in particular have evaluated rituximab as part of a combination treatment approach[132,133]. The latter study included 54 patients and
compared a historical group treated with plasma exchange and IVIGs with a later group receiving a single
dose of 500 mg/m2 rituximab in addition. The use of
rituximab was associated with a 90% 2-year graft survival
compared with 60% in the control group. Nevertheless,
the benefit of adding rituximab remains in question when
examining all published patient series.
Several case reports and series have been published
on the use of bortezomib in the treatment for acute
AMBR.
The largest series of 20 patients treated with bortezomib was reported by Flechner[134]. Using this treatment
regimen, a graft survival rate of 85% at 10 mo post-transplant was achieved. The mean decrease in the dominant
DSA in MFI values was 50%. However, the side effects
of the treatment were considerable. One of the most
recent studies compared 10 bortezomib-treated patients
with a historical group of 9 rituximab-treated patients
and achieved a graft survival of 60% with bortezomib
compared with only 11% with rituximab at 18 mo[135].
Taken together, these preliminary results on bortezomib in acute ABMR are promising; however carefully
performed, controlled studies are required to prove its
benefits.
In the setting of kidney transplantation, there is
emerging but limited evidence that eculizumab is efficient in treating acute ABMR[136]. Thus far, only a few
reports exist in the literature on the use of eculizumab
in refractory acute ABMR[110,111]. Stegall et al[109] reported
the largest study of eculizumab in renal transplantation
in a desensitization strategy. In this study, eculizumab
appeared to show no impact on DSAs production after
transplantation. In addition, the incidence of chronic
ABMR appeared unchanged either by the prevention of
early ABMR or by the prolonged complement blockade.

Treatment of acute ABMR: Acute ABMR in kidney
recipients responds poorly to corticosteroids and antithymocyte agents alone, which are the standard treatment
for acute cellular rejection.
International guidelines do not define an evidencebased treatment for acute ABMR. The kidney disease
improving global outcomes guidelines (KDIGO) recommend the use of one or more of the following: corticosteroids, PP, IVIG, anti-CD20 antibodies or lymphocytedepleting antibodies[130].
Two studies have individually reviewed the current
approach to the treatment of acute ABMR[46] and the
randomized controlled trials treating acute ABMR[131].
Although the literature suggests that plasmapheresis
with or without low-dose IVIG or high-dose IVIG alone
shows evidence of efficacy against acute ABMR and that
they may be considered for the standard of care (SOC),
these treatment regimens have not been standardized or
optimized.
Approaches vary based on the amount of replacement volume, type of replacement fluids, number of PP
sessions and the dose, timing and formulation of IVIGs
used.
Other agents, such as rituximab, bortezomib and eculizumab have been used occasionally in conjunction with
the above-mentioned therapies.
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Splenectomy: One last option to salvage a graft with
acute therapy-resistant ABMR is rescue splenectomy and
its use has been reported by at least three groups[137-139].
The majority of patients underwent this surgery prior to
the advent of eculizumab, and in the future, splenectomy
may be avoided by using eculizumab instead. Splenectomy is recommended only in resistant cases of acute
ABMR where bortezomib or eculizumab have already
failed.
In summary, the first step for managing acute ABMR
includes steroid pulses and/or antibody removal with PP
or IA and IVIGs. The second step in patients with persistent allograft dysfunction includes the use of bortezomib and/or rituximab. The third step in resistant acute
ABMR includes eculizumab and rescue splenectomy.
Chronic ABMR: In contrast to acute ABMR, chronic
ABMR is a long-term process that develops in sequential
steps over months to years[84].
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In theory, every option available to treat acute ABMR
may also be applied to chronic ABMR. However, there
are no controlled trials in the literature regarding the
treatment of chronic ABMR. The only treatment option
with some reported benefit is a combination of rituximab
and IVIGs[140].
With respect to established chronic ABMR, there
have only been three case series treated with this combination therapy[141-143]. DSAs decreased only in some
patients, and the therapy showed limited effects in cases
with massive proteinuria, more severe peritubular capillaritis and previous acute rejection.
Very few patients have received bortezomib as a rescue treatment for chronic ABMR and proteinuria, and
they have shown mixed results[144,145].
An interim analysis of a very recent study[146] of eculizumab therapy in chronic ABMR documented an apparent stabilization of renal function.
Taken together, these results indicate that any treatment for chronic ABMR using drugs with potentially
high toxicity should only be performed in the context of
a randomized controlled trial.
A recent recognized context that should be distinguished from acute or chronic ABMR is the negative
impact of de novo DSAs after transplantation on the transplant outcome.
Several authors have reviewed the incidence and impact of de novo donor DSAs, in both adult[77] and pediatric
recipients[147].
The actual 5-year post-transplantation cumulative
incidence of de novo DSAs in a low-risk population is 20%
(Figure 5). Once DSAs appear, the probability of graft loss
within the 3 years of the appearance of DSAs is 24% (Figure
6). In patients without DSAs, the relative risk of graft loss
is 9-fold higher at 1 year after the appearance of DSAs. In a
multivariate analysis[77], the primary causes of de novo DSAs
were DQ locus mismatches, a younger age at transplantation
and transplants from deceased donors. Others claim prior
non-adherence or a history of a clinical acute cellular rejection as being causes of de novo DSAs[82].
If the appearance of DSAs is associated with the
clinical signs of acute ABMR, the treatments used have
already been discussed. The primary issue is how to treat
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when the appearance of DSAs is not associated with
acute rejection.
To date, prophylactic treatments, such as rituximab
and splenectomy[148] or eculizumab[109], do not appear to
induce any effect on the appearance of DSAs.
Monitoring DSAs after transplantation appears to be
essential because the appearance of DSAs is associated
with a poor prognosis. Because procedures, such as antibody removal by PP or IA and the down regulation of
antibody production by B cell- or plasma cell-targeting or
complement cascade inhibition show very limited success
when employed during the advanced phase of chronic
ABMR[142,149,150], the prompt removal of de novo DSAs
appears to be essential. However, no SOC exist for this
issue. To date, only a multicenter antibody removal trial
study in Italy is ongoing; it is using a randomized, prospective PP and low-dose CMV-IVIGs[151].

NEW AND FUTURE THERAPIES
Some of the drugs mentioned above that have been used
to prevent or treat acute ABMR remain in pre-marketing
clinical trials or have been approved for other diseases.
Drugs already known to control T cells also appear to
be active in the long-term control of B cells.
Belatacept, a fusion receptor protein that blocks the
co-stimulation pathway CD80/CD86-CD28, was recently
approved for the prevention of acute rejection. Belatacept inhibited DSAs in phase 3 trials[152].
Another co-stimulation pathway is the CD40/CD40L
pathway. Previous studies with antibodies directed against
CD40L failed due to severe episodes of thrombosis.
Indeed, CD40L is also expressed on the platelet surface,
and its inhibition may induce thrombosis. More recently,
the inhibition of the CD40/CD40L pathway by directly
targeting CD40 has drawn interest from investigators
particularly because CD40 is not expressed on the platelet surface. Humanized anti-CD40 antibodies prevented
acute rejection and prolonged renal graft in non-human
primates. In addition, these anti-CD40 antibodies appear
safe and effective as maintenance immunosuppressive
therapies[153-155]. To date, five monoclonal antibodies di-
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rected against CD40 have been studied for different diseases including kidney transplantation (Clinical Trial.gov
NCT01780844).
Newer drugs that target B cell have been described.
The most exciting are likely those that target survival
factors and are part of the tumor necrosis factor super
family: BAFF, Blys and the proliferation-inducing ligand
(APRIL)[103].
Belimumab has already been discussed: it is a fully human antibody that neutralizes BAFF and deprives B cells
of this important survival factor. The FDA approved belimumab in March 2011 for systemic lupus erythematosus
(SLE). A group from Pennsylvania has enrolled patients
in a phase II clinical trial of desensitization in sensitized
patients awaiting clinical transplantation (clinicaltrials.gov
NCT01025193). In this context, the study was unable to
demonstrate the efficacy of belimumab.
Atacicept is a fusion receptor protein that neutralizes
both BAFF or Blys and APRIL. In allo-sensitized nonhuman primates, atacicept reduced T-cell and B-cell alloantibodies by 36% and 24%, respectively[156].
A further possibility is complement inhibition by C1
esterase inhibitors, a plasma-derived human C1 esterase
inhibitor. Initially used in allotransplantation to protect
against ischemia/reperfusion injury[157], it is now under investigation for solid organ transplantations and approved
by the FDA for use in other disease states. A trial studying the safety and tolerability of C1 inhibitor therapy in
the context of the prevention of acute rejection (clinicaltrial.gov NCT01134510) is now ongoing. However, thus
far no patients have been recruited.

that is non-complement-mediated; however it may also
be due to defective techniques. The Banff group is still
working to improve understanding of this entity.
Recently, evidence has accumulated on the significant role of HLA-DSAs in the pathogenesis of slowly
progressive graft injury and dysfunction. Several studies
have shown that circulating DSAs (class Ⅰ or class Ⅱ) are
found in a substantial fraction of renal allograft recipients
and are associated with long-term graft loss.
The primary therapeutic approach comprises antibody
removal, B-cells and plasma cells- targeting and inhibition
of the complement pathway. The therapeutic approach
used is based on the clinical conditions.
In patients waiting for transplantation who show positive XM-CDC, the removal of antibodies with or without
B- or plasma cell-inhibition remains the best approach.
Patients with acute ABMR should be treated with a
heavy regimen of T/B cell-targeting drugs (pulse corticosteroids and ATG), by removing antibodies, and using
specific B- or plasma cell-inhibition or by complement
inhibition.
No SOC exists for chronic ABMR, and only randomized controlled trials will indicate the best therapeutic option.
What may we hope for in the future? Unfortunately,
the pipeline is almost empty.
Essentially, we may consider two types of drugs that
are either already on the market or remain in premarket
trials: (1) drugs targeting both T and B cells; Belatacept
has already been approved by the FDA for the prevention of acute rejection. In a 3-year follow-up study[152], it
proved to be effective on DSAs also in CNIs free protocols. The blockade of CD40-CD154 with humanized
anti-CD 40 antibodies has prevented acute rejection[154].
In addition, these antibodies appear safe and effective in
maintenance therapy; and (2) drugs targeting B cells or
the complement pathway.

CONCLUSION
The relevant graft injury is now well recognized to be
caused by alloantibodies. Both acute and chronic graft injury may be caused by alloantibodies, and the most recent
Banff classifications have been modified to introduce
acute and chronic ABMR. The latter appears to be the
most relevant cause of long-term graft injury rather than
CNIs nephrotoxicity and “chronic allograft nephropathy”.
In addition to the major histocompatibility antigens,
a large number of minor antigens have been recognized
as possible antibody targets. The most important and the
most widely studied antibodies responsible for graft injury are the HLA-DSAs.
The availability of new techniques for detecting circulating antibodies has enabled better understanding in
recent years of the presence and role of antibodies in
determining graft injury.
From a clinical point of view, we must distinguish between acute ABMR and chronic ABMR. In addition, we
now recognize indolent ABMR and C4d-negative acute
ABMR. Indolent ABMR develops sub-clinically. It often
manifests in patients with de novo DSAs and causes slowly
progressive microvascular abnormalities that lead to
chronic ABMR. C4d-negative ABMR is cause for great
discussion among scholars. It may be caused by an injury
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BAFF-blocking drugs: Represent new interesting drugs
that target B lymphocyte stimulators. Belimumab, a fully
human recombinant IgG monoclonal antibody to BAFF,
was approved in 2011 for the treatment of SLE; however
the above-mentioned phase Ⅱ trial for desensitization
failed. Atacicept was evaluated in diseases including rheumatoid arthritis, SLE, multiple sclerosis and B-cell malignancies. It awaits evaluation in human transplant patients.
While waiting for the approval of eculizumab, the C1
esterase inhibitor is being studied. This drug has been
FDA-approved for treating hereditary angioedema; however it appears to be far from approval for use in transplantation.
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ABO incompatible renal transplants: Good or bad?
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lead to allograft damage, despite using current diverse
but usually intensified immunosuppressive protocols at
the expense of increasing risk of infection and possibly
malignancy. Notably, in ABOi-KT, desensitization and
antibody reduction therapies have increased the cost of
KT. Reassuringly, there has been an evolution in ABOiKT leading to a simplification of protocols over the last
decade. This review provides an overview of the history, outcome, protocol, advantages and disadvantages
in ABOi-KT, and focuses on whether ABOi-KT should be
recommended as a therapeutic option of KT in the future.
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Core tip: This article demonstrates merits and demerits
of ABO incompatible kidney transplantation (ABOi-KT).
Although the excellent outcome of ABOi-KT has been
achieved, unresolved matters still remain. We review
the role of ABOi-KT for patients with end-stage kidney disease and considered validity whether ABOi-KT
should be recommended as a therapeutic option of KT
in the future.

Abstract
ABO incompatible kidney transplantation (ABOi-KT) was
previously considered to be an absolute contraindication for patients with end-stage kidney disease (ESKD)
due to hyperacute rejection related to blood type barrier. Since the first successful series of ABOi-KT was
reported, ABOi-KT is performed increasingly all over the
world. ABOi-KT has led to an expanded donor pool and
reduced the number of patients with ESKD awaiting deceased kidney transplantation (KT). Intensified immunosuppression and immunological understanding has
helped to shape current desensitization protocols. Consequently, in recent years, ABOi-KT outcome is comparable to ABO compatible KT (ABOc-KT). However, many
questions still remain unanswered. In ABOi-KT, there
is an additional residual immunological risk that may
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INTRODUCTION
Kidney transplantation (KT) is known as a standard
therapy for patients with end-stage kidney disease (ESKD)
and has been adopted widely in the world. However, the
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living and deceased kidney donor pool does not resolve
the shortage of transplantable organs. Different ways
have been proposed to increase the donor pool and ABO
incompatible KT (ABOi-KT) represents a valid source of
organs to decrease the donor waiting list. ABOi-KT requires extra strategies and suffers extra risks across ABO
blood type barrier compared to ABO compatible KT
(ABOc-KT). ABOi-KT was previously considered to be
contraindicated for many years. Presently, ABOi-KT has
been accepted as a valid alternative therapy for ESKD
and the outcome of ABOi-KT has become equivalent to
ABOc-KT in adult and pediatric recipients[1-4]. When a
patient with ESKD requires KT and an acceptable living
donor is ABO incompatible with the recipient, the patient can currently chose one of three options: (1) stay on
the waiting list for deceased donor KT; (2) have paired
kidney donor exchange (PKDE); or (3) undergo ABOiKT.
According to the Organ Procurement and Transplantation Network (OPTN) report 2011, 86500 patients
on the deceased donor waiting list, and almost 28000
were added to the list annually in the United States. Ten
thousand patients received deceased donor KT, and 4900
patients received living KT. Almost 5000 patients died
while waiting for a kidney. The median waiting time depended on the blood type of patients, but it is reported
to be around 4 years for all patients on the OPTN report[5]. Various reports analysing graft and patient survival related to the waiting time showed that 6 mo or
more of dialysis negatively affect the outcome[6,7]. PKDE
is an innovative method whereby 2 or more incompatible donor-recipient pairs exchange donors to create 2
or more compatible pairs. It is a very reasonable idea for
human leukocyte antigen (HLA) sensitized and/or ABO
incompatible patients. This primary idea was reported
first by Rapaport in 1980s[8]. There are currently several
variations of exchange such as three-way, four-way and
domino paired donation[9]. PKDE provides a recipient
with an incompatible donor the chance to receive a compatible kidney, which is available by expanding the donor
source and reducing the waiting time for deceased donor
KT. Advantages of PKDE are low immunological risk,
avoidance of intensified immunosuppression due to desensitization, and cost effectiveness[10].
Alexandre et al[11] demonstrated the ABOi-KT strategy
using plasmapheresis and splenectomy to break the ABO
barrier. This has been used as a desensitization strategy
for ABOi-KT for 20 years. ABOi-KT has become common in Japan due to the lack of deceased donors, and
ABOi-KT has accounted for approximately 30% of all
living-donor KT in that country.[12]. On the contrary, a
tiny proportion, only 738 cases (0.94%) of ABOi-KT
were performed between 1995 and 2010 in the United
States[4], but this number is increasing annually. The same
trend continues in the United Kingdom: over the last decade, there has been an increase of ABOi-KT from less
than 10 per year to 100 per year representing 1.0% of living donor transplants performed[13]. This increase is possibly due to the fact that protocols have been simplified
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Table 1 Combination of blood type and compatibility
Donor
Recipient

A
B
O
AB

A

B

O

AB

+
+
-

+
+
-

-

+
+
+
-

+: ABO incompatible transplantation; -: ABO compatible transplantation.

over the years from complex surgical and pharmacological
processes that variably may have involved splenectomy,
rituximab (RIT), plasmapheresis and antibodies titration.
Although the use of ABOi-KT has increased worldwide, there are arguments against ABOi-KT as a universal treatment. To consider whether ABOi-KT is viable a
therapeutic option for patients with ESKD, this review
will focus on the transitional outcomes alongside current
and future prospects in ABOi-KT.

ABO ANTIGENS AND ANTIBODIES
The concept of blood groups A, B and O (H) was established by Nobel laureate Karl Landsteiner in the early
1900s. These are polysaccharide antigens which are found
in red cell, platelets, and other tissues such as endothelium[14]. The antibodies to blood group antigen are isohemagglutinins and can be of either immunoglobulin M (IgM)
or immunoglobulin G (IgG) type antibodies. However, in
the context of transplantation it is IgG that is functionally significant.Blood type A develops anti-B antibody, and
blood type B has anti-A antibody. Blood type AB with A
and B antigen has both antibodies, while blood type O
with both antibodies does not have any antigen. Blood
type incompatibility means the exposure of A or B antigen to a person who has antibodies against these antigens.
Therefore, these antigen expressions of an organ have
been obstacles for ABOi-KT (Table 1). All blood type recipients accept a blood type O donor as a universal donor,
and a blood type AB accepts all blood type donors as a
universal recipient. Blood group type A, however, carries
A1 or A2. The expression of A2 antigen is weaker than
that of A1 antigen[15]. The A2 subtype constitutes approximately 20% of blood type A in white races, while it is only
0.15% in Japanese population[16]. A2 kidney may be less
likely to suffer antibody rejection in the presence of anti-A
antibody. In fact, non-A recipients receiving kidneys from
A2 donors[17], can universally and safely accept the transplantation without preconditioning at times of KT.

HISTORY
Splenectomy, rituximab and no B-cell depletion
Previous clinical studies related to ABOi-KT are summarized in Table 2[1-4,11,18-42]. The first successful report of
ABOi-KT is dated back to 1987 when authors achieved
long-term allograft survival in a series of 23 patients[11].
Plasmapheresis and splenectomy were performed to re-
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Table 2 Historical clinical reports in ABO incompatible kidney transplantation
Ref.

Type of study

Study
ABOi
population population

Desensitization

Outcome

Hume et al[18]
Starzl et al[19]
Sheil et al[20]
Alexandre et al[11]

Observational
Observational
Observational
Observational

9
3
2
23

1
2
2
23

No treatment
SPx (1 case)
No treatment
PE/SPx

51

51

DFPP and/or IAs/SPx

Observational, comparative
Observational
Observational, pediatric
Observational, pediatric
Observational, comparative
Observational, comparative

433
93
10
16
1496
167

67
93
10
16
441
167

DFPP and IAs/SPx
DFPP/SPx
DFPP or PE or IAs/SPx
PE and IAs/SPx
DFPP or PE or IAs/SPx
DFPP and/or IAs/SPx

Futagawa et al[27]
Ishida et al[28]

Observational, comparative
Observational, comparative

37803
222

191
222

NA
DFPP/SPx

Tyden et al[29]
Galliford et al[30]
Genberg et al[31]

Observational, comparative
Observational
Observational, comparative

334
10
45

60
10
15

IAs/RIT/IVIG
PE/RIT/IVIG
IAs/RIT/IVIG

Oettl et al[32]
Toki et al[33]
Wilpert et al[34]
Tyden et al[1]

10
57
83
38

10
57
40
10

IAs/RIT/IVIG
DFPP/SPx
IAs/RIT/IVIG
IAs/RIT/IVIG

Flint et al[35]
Fichinoue et al[36]

Observational
Observational, comparative
Observational, comparative
Observational, comparative,
pediatric
Observational, comparative
Observational, comparative

Graft nephrectomy day 17
Graft survival 74 d (1 case), patient death day 24 (1 case)
Graft nephrectomy day 14
2-yr graft survival: 88% (related donor), 50% (unrelated
donor)
2-yr graft survival: 87% vs 84.6% vs 50% ( A- vs B- vs
ABO-incompatible)
8-yr graft survival: 73% vs 80 % (ABOi vs ABOc)
5-yr graft survival: 73%
5.4-yr graft survival: 100%
5-yr graft survival: 85%
9-yr graft survival: 59% vs 57% (ABOi vs ABOc)
5-yr graft survival: 74.3% vs 78.5% ( CYA with AZ or
MZ vs TAC or MMF)
5-yr graft survival: 66.2% vs 79.5% (ABOi vs ABOc)
5-yr graft survival: 73% vs 90% ( CYA with AZ vs TAC
with MMF)
Graft survival: ABOi 97% (1.5-yr) vs ABOc 95% (1.8-yr)
1-yr graft survival: 100%
Graft survival: ABOi 86.7% (3.4-yr) vs ABOc 86.7%
(4.0-yr)
1.3-yr graft survival: 100%
8-yr graft survival: 49% vs 95% (AAMR vs non-AAMR)
Graft survival: ABOi 100% (3.3-yr) vs ABOc 93% (1.5-yr)
Graft loss within 3 years: ABOi 1 case, ABOc 2 cases

Ota et al[21]

Observational, comparative

Tanabe et al[22]
Ishida et al[23]
Ohta et al[24]
Shishido et al[25]
Takahashi et al[2]
Shimmura et al[26]

89
393

37
113

PE/IVIG
DFPP or PE/SPx or RIT

Habicht et al[37]
Lipshutz et al[38]
Shirakawa et al[39]

Observational, comparative
Observational
Observational, comparative

68
18
74

21
18
74

IAs/RIT/IVIG
PE/RIT/IVIG
DFPP/RIT

Shishido et al[3]

323

52

PE/SPx or RIT

Montgomery et al[4]

Observational, comparative,
pediatric
Observational, comparative

78193

738

Morath et al[40]
Uchida et al[41]
Ashimine et al[42]

Observational, comparative
Observational
Observational, comparative

19
25
320

19
25
92

1-yr graft survival: 100% (ABOi vs ABOc)
5-yr graft survival: 88.4% vs 90.3% vs 100% (ABOc vs
ABOi-SPx vs ABOi-RIT)
1-yr graft survival : 100% (ABOi vs ABOc)
1-yr graft survival: 94.4%
1-yr graft survival: 95.7% vs 98.% ( RIT 500mg vs RIT 200
mg)
15-yr graft survival: 86% vs 78% (ABOi vs ABOc)

10-yr cumulative incidence of graft loss: 27.1% vs 23.9%
(ABOi vs ABOc)
IAs or IAns/RIT/IVIG
1-yr graft survival: 100% (IAs vs IAns)
DFPP or PE/SPx or RIT
4.5-yr graft survival: 100%
DFPP/SPx or RIT or
5-yr graft survival: 87% vs 97.7% (ABOi vs ABOc)
none
NA

ABOi: ABO incompatible; SPx: Splenectomy; PE: Plasma exchange; DFPP: Double-filtration plasmapheresis; IAs: Antigen-specific immunoadsorption;
ABOc: ABO compatible; CYA: Cyclosporine; AZ: Azathioprine; MZ: Mizoribine; TAC: Tacrolimus; MMF: Mycophenolate mofetil; NA: Not available; RIT:
Rituximab; IVIG: Intravenous immunoglobulin; AAMR: Acute antibody-mediated rejection; IAns: Non-antigen-specific immunoadsorption.

ABOi-KT without RIT and splenectomy[35,42,43].

duce anti-blood type A or B (anti-A/B) antibody and to
minimize the risk of hyperacute humoral rejection. Most
of the modern desensitization protocols of ABOi-KT
have been derived from their procedure and have since
evolved. Their work was further greatly expanded in
Japan due to the shortage of deceased donors with successful outcomes in ABOi-KT[2].
Nowadays, splenectomy has been totally abandoned
and the various desensitization protocols in use are
combinations of antibody removal by plasmapheresis or
immunoadsorption (IA), intravenous immunoglobulin
(IVIG) to neutralize preformed antibodies, B lymphocyte
depletion by anti-CD20 monoclonal antibody (RIT) and
standard triple immunosuppression (calcineurin inhibitor, CNI; mycophenolate mofetil, MMF; and steroid).
Recently, some authors reported successful outcomes of
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ABOI-KT PREOPERATIVE MANAGEMENT
Current strategies of ABOi-KT compose three common
principles: (1) antibody measurement; (2) B-Cell depletion; and (3) antibody depletion.
Antibody measurement
Assessment of anti-A/B antibody titer is crucial in
ABOi-KT. It guides the effectiveness of operative preconditioning and determines the period to permit transplantation. In addition, posttransplant monitoring helps
early detection of antibody-mediated rejection (AMR) by
antibody rebound.
There are various measurement methods of anti-A/
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injury, pancreatic leakage , and portal vein thrombosis[56].
A comparative analysis of splenectomized recipients compared with RIT treated but without splenectomy, showed no statistically significant difference in
the anti-A/B titer of KT and liver transplantation[57,58].
It was concluded that splenectomy was not an essential
prerequisite treatment in ABOi-KT. Although splenectomy has been replaced with RIT, Locke et al[59] reported
that splenectomy could be useful as salvage treatment for
severe AMR secondary to anti-HLA antibody. Current
consensus states that splenectomy is not necessary for
the induction of ABOi-KT.

B titer, the most common used are tube technique, gel
technique and flow cytometry[44-48]. Although each center
uses their familiar technique, there is a discrepancy of
measured titer level. Kobayashi et al[46] surveyed the differences of anti-A/B titers from the same blood samples
which were measured by tube test in 29 Japanese centers.
It was revealed that inter-institutional differences were
1:8 to 1:32 in IgM and 1:16 to 1:256 in IgG, because of
low reproducibility by visual observation. Therefore, they
concluded standardized measurement should be necessary. Kumlien et al[47] analyzed the same blood samples in
three centers. They also pointed out an inter-center variation of titer level using tube technique and suggested that
gel technique is more reproducible than tube technique.
Flow cytometry showed excellent reproducible compared
with other techniques and would be suitable for the accurate measurement[48]. However, this technique is not
available in all centers due to the expensive equipment
required.
High preoperative anti-A/B IgG titers are associated
with poor long-term allograft survival in ABOi-KT[49].
Gloor et al[50] showed preoperative high anti-A/B IgG
titers is a predictor for AMR, and the rapid increasing
of titers is also associated with AMR and graft loss. In
addition, Tobian et al[51] also demonstrated that AMR
was also associated with high titer at 1-2 wk posttransplant. Chung et al[52] described there was no statistically
significant difference between high- (> 1:256) and lowtiter (< 1:128) at the baseline in allograft function at 6 mo
after transplantation. Therefore, appropriate monitoring
of anti-A/B titer is essential before and after ABOi-KT.
Although anti-A/B antibody titer has to be measured
during the early period after ABOi-KT due to the risk of
AMR, but how long the monitoring should be continued remains unclear. Preoperative titer should be low in
ABOi-KT, but the acceptable titer of anti-A/B antibody
at the time of transplant has varied between 1:4 and 1:32
in line with the protocol of individual centers[1,30-43,53-55].
After the ABO incompatible transplant necessitating
initiation of antibody-depletion procedures, the level of
anti-ABO antibody titer must be monitored to detect rebound in the serum antibody production.

Rituximab: Splenectomy has been largely replaced by
RIT in ABOi-KT protocols to remove B-cell. RIT is an
anti-CD20 monoclonal antibody, which binds to CD20
on immature and mature B-cell resulting in depletion of
B-cell. RIT was originally developed for the treatment
of non-Hodgkin’s lymphoma[60]. RIT has been used extensively in the treatment of patients with autoimmune
diseases and KT besides hematological malignancies[61].
Adverse events related to B-cell depletion by RIT include
fever, chill, headache, and nausea[60], whilst serious cardiovascular and pulmonary events are rare[61].
In the field of KT, RIT has been used as part of desensitization protocols in ABO- and HLA-incompatible
KT, treatment of AMR, post-transplant lymphoproliferative disorder, and recurrent nephrotic syndrome[62].
In the first experience of RIT use in ABOi-KT recipients, Sawada et al[63] tried RIT, splenectomy, and doublefiltration plasmapheresis (DFPP) for A1 to O ABOi-KT
with persistent high anti-A antibody titer. The dosage
of RIT was 375 mg/m2 per week for 4 wk pretransplant
and there was no rebound of the titer after transplantation. Tydén et al[64] succeeded with 4 ABO incompatible
recipients using RIT and antigen-specific IA (IAs) with
standard immunosuppression, without splenectomy. In
their protocol, RIT (375 mg/m2) was administered once
10 d prior to transplant which was enough to deplete peripheral B-cell. Moreover, its effect was long-active for at
least 12 mo without any serious side effects. After these
successful reports were published, RIT has replaced
splenectomy in desensitization protocol. Recently, some
have tried low dose of RIT or even omitting it in ABOiKT protocol to avoid over-immunosuppression without
compromising excellent outcomes[35,42,43,55].
Twenty-seven recipients who were diagnosed with
steroid-resistant cell-mediated rejection or AMR received
a single dose of RIT (375 mg/m2) as a salvage treatment[65]: twenty-four (88.9%) among these demonstrated
improved renal function. Serum creatinine decreased from
a mean of 5.6 mg/dL before the treatment to a mean of
0.95 mg/dL after the treatment. RIT is useful not only
in AMR, but also in chronic antibody-mediated rejection
(CAMR) prevention. Kohei et al[66] observed that ABOiKT with RIT had a statistically significant lower rate of
CAMR at 2 years posttransplant than living ABOc-KT
(3.5% vs 28.9%). However, this beneficial effect of RIT

B-cell depletion
Splenectomy: Splenectomy was considered a prerequisite for desensitization protocol in ABOi-KT after
Alexandre et al[11] reported that it reduced the risk of
AMR. The principle of splenectomy was based on the
concept that spleen is reservoir of antibody producing
B-cells and antibody-producing plasma cells in the body.
However, the efficacy of splenectomy in ABOi-KT is debatable, because severe AMR sometimes still occurs after
splenectomy. The effect of splenectomy on the immune
system is permanent. Following splenectomy the patients
are at risk for the development of life-threatening sepsis,
especially from encapsulated bacteria and they require
life-long antibiotic prophylaxis. Splenectomy can lead to
surgical complications such as hemorrhage, pancreatic
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needs independent verification.

USE OF IVIG

Antibody depletion
The antibody depletion treatments are the basis of
ABOi-KT. In order to eliminate existing anti-A/B antibody, plasma exchange (PE), DFPP and IA[67] are available. They differ in their mechanisms of action, specificity, efficiency and cost.
In PE, plasma is removed and replaced by human
albumin, colloid solutions, and/or fresh frozen plasma
(FFP). It has been widely used around the world for antibody removal in ABOi-KT. This method is simple, but
it has several disadvantages compared with more specific
techniques. Because of non-selective apheresis, PE removes not only anti-A/B antibody, but also coagulation
factors and anti-viral/-bacterial immunoglobulin. Consequently, the risk of bleeding and infection is increased.
FFP is generally needed for the last session before KT to
prevent these complications. Other complications were
reported by Tobian et al[68]. In all PE sessions (n = 512),
the total rate of complications was 15.4%. The most
common complication was hypocalcemia (6.8%), followed by urticaria or pruritus (4.3%), hypotension (2.9%)
and nausea or vomiting (1.2%).
DFPP is designed to remove selectively the immunoglobulin from plasma and requires less substitution fluid
compared to PE. When plasma separated by a first filter
is passed through a second filter, IgG and IgM are filtered
out and discarded. By single DFPP, 70% of IgM and
60% of IgG were removed and a one-fold titer reduction
of anti-A/B antibody was observed[69]. This technique
also avoids the loss of coagulation factors and albumin
unlike PE. However, significant amounts of albumin are
lost by DFPP, and almost always albumin is needed as the
replacement fluid. DFPP is also removes variable amount
of fibrinogen[70], and its measurement is necessary to
avoid bleeding complication.
IA can be A/B antigen IAs or A/B non-antigen
IAns (non-specific/semi-selective immunoadsorption)
respectively if it removes only a specific antibody such as
anti-A/B antibody or removes non-antigen-specific immunoglobulin. Between the two techniques IAs is most
utilized method in ABO incompatible setting. On the
other hand, IAns is suitable for the elimination of HLA
antigens and it is most used in HLA incompatible/ABOi
KT recipients. In IAs, the plasma is processed through
an ABO immunoadsorbent column, which is coated with
either blood type A or B antigens and allow selective removal of anti-A or B antibody, and the processed plasma
is re-infused into the patient. Volume replacement is not
necessary. IAs is selective and free from side effects of
PE and DFPP. Single IAs reduces 2- to 4-fold titer between pre- and post-IAs, and at least four preoperative
IAs are usually needed to obtain an acceptable titer at the
expense of increased cost compared to PE and DFPP[67].
IAs is generally safer and more effective, and therefore
normally preferred. However, ultimate choice depends
on each center’s decision, based on the availability of infrastructure and skill mix of staff.

IVIG’s recognized immunomodulatory properties have
been employed for the treatment of autoimmune diseases[71]. IVIG is believed to act through various mechanisms: (1) complement down-regulation; (2) interactions
with the Fc receptors; (3) inhibit of B/T-cell proliferation; (4) inhibit of CD8 T-cell cytotoxicity; and (5) increased apoptosis of B-cell[71-73]. Mild and early adverse
effects of IVIG include headache, chill, nausea, fatigue,
myalgia, arthralgia, chest pain, back pain, and elevated
blood pressure[74,75]. However, rare but serious delayed adverse effects include renal toxicity, thromboembolic events
(cerebrovascular accident and deep venous thrombosis),
neurological toxicity (aseptic meningitis), hematological
toxicity (neutropenia), and dermatological toxicity[76]. The
administration of high dose IVIG can cause hemolysis
by anti-A/B antibody within the IVIG[77]. In ABOi-KT,
it is preferable if possible to use IVIG with low anti-A/B
titer in order to avoid not only hemolysis but also AMR
after transplantation due to anti-A/B titer elevation.
There is no uniformity in the dose IVIG used in the
desensitization protocols of ABOi-KT[1, 30-32,34,35,37,38,40,43,54,78].
IVIG is usually administered after plasmapheresis, to
reconstitute the natural levels of IgG. In the absence of
control data, the use of IVIG in ABOi-KT can best be
described as empirical.
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ACCOMMODATION
Without adequate anti-A/B antibody reduction and desensitization before KT, an incidence of AMR and irreversible damage cannot be avoided. Successful ABOi-KT
requires the reduction of anti-A/B antibody titers against
ABO antigens on the graft at the time of KT. However,
anti-A/B antibody titer returns to the baseline level
within almost 1 wk after KT[11,79,80], even if optimal desensitization is performed. Therefore, intense monitoring
is necessary during critical first two weeks after ABOiKT[12]. Paradoxically, a phenomenon of accommodation
is acquired in this term.
Accommodation is defined as a phenomenon
whereby graft rejection is avoided despite reemergence
of incompatible antibody. The mechanism was originally
discovered in the field of xenotransplantation[81], whereby
endothelial cell posttransplant humoral injury was avoided, possibly due to changes of antibody specificity, avidity, affinity and alteration of the antigen structure. This
phenomenon is allegedly responsible for normal graft
function and structure despite reemergence of anti-A/
B antibody against incompatible A or B antigen in the
graft[82]. However, it is fair to accept that mechanism as
well as the very existence of accommodation remains
speculative.

CURRENT PROTOCOL OF ABOI-KT
In ABOi-KT, intensified immunosuppressive protocol
usually starts before KT in order to deplete anti-A/B
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antibody. Many centers have modified original successful
protocol of ABOi-KT[11]. The splenectomy-free protocols published in the last decade are summarized in Table
3[1,30-32,34-43,53-55,78]. RIT has been adopted in the place of
splenectomy by majorities of centers. However, the timing and dose of RIT administrated remains variable. RIT
or splenectomy-free protocols have successfully, used low
dose IVIG after plasmapheresis. The basis of the North
Europe protocol is IAs followed by high dose IVIG.
However, postoperative IAs is not performed routinely
and its use is determined by antibody titers[83]. Maintenance immunosuppressive agents are mostly triple agents
which are CNI, MMF and steroid. Tacrolimus is the CNI
of choice in these ABOi-KT protocols. MMF was taken
7-14 d pretransplant in order to inhibit antibody production. Some centers use a protocol without daclizumab,
basiliximab or antithymocyte globulin, and report excellent outcomes. Thus it is controversial whether these
clonal antibodies should be introduced in ABOi-KT or
not. All protocols of ABOi-KT have resulted in satisfactory outcome in the absence of randomized control trials. It is impossible to select an ideal protocol fit for all
purpose.

showed as C4d positive, while 74% of HLA incompatible
grafts were C4d negative[92]. These histological studies indicate that the detection of C4d alone in ABO incompatible graft does not indicate AMR and support a concept
of accommodation in ABOi-KT. Therefore, AMR after
ABOi-KT can only be diagnosed on the basis of morphological evidence, serological evidence and the clinical
course.
Morphologically transplant glomerulopathy (TG) at
1 year after transplantation was reported as an indicator
of poor outcome[93]. ABOi-KT had more severe TG than
ABOc-KT without HLA antibody at 1 year posttransplant[94]. However, there were no differences in interstitial
fibrosis, tubular atrophy, chronic vasculopathy and allograft function between both groups. In the absence of
prior AMR, histological change at 1 year posttransplant
was mild irrespective of ABO compatibility. Moreover,
prior AMR in ABOi-KT was associated with TG and
interstitial fibrosis and not to arteriolar hyalinosis and
chronic vasculopathy[91]. Consequently, ABO incompatible grafts with TG and/or interstitial fibrosis had lower
GFR at 1 year after transplantation than those with normal histology.

MINIMIZE IMMUNOSUPPRESSION

THE INCIDENCE OF ACUTE CELLULAR
AND ANTIBODY MEDIATED REJECTION
IN ABOI-KT

Efforts have have been made to minimize immunosuppression in order to reduce the long-term risk of overimmunosuppression[84,85]. The long-term effect of steroid
use remains unclear in ABOi-KT. Oettl et al[86] described
11 ABOi-KT recipients with late steroid withdrawal. Six
recipients showed biopsy-proven acute rejection during
or soon after steroid cessation. However, Galliford et al[30]
tried early steroid sparing protocol in 10 recipients. Prednisolone was maintained at 1 mg/kg until 3 d posttransplant. It was reduced to 0.5 mg/kg at 4 d posttransplant,
and discontinued after 1 wk posttransplant. In this study,
patient and graft survival were 100% at 1 year posttransplant but 3 patients experienced acute rejection within 1
mo after transplantation.

As previously described, the outcome of graft survival in
ABOi-KT has been similar to ABOc-KT. However, there
is an increased risk of AMR in ABOi-KT due to anti-A/
B antibody. Protocol biopsies at 3 mo posttransplant in
ABOi-KT had a significantly higher incidence of AMR
compared to ABOc-KT (17.9% vs 1.1%). However, there
was no significant difference in the rate of acute cellular rejection between ABOi-KT and ABOc-KT (48.4%
vs 35.7%)[90]. In the acute lesion score based on Banff
classification[95], t2-3 and g2-3 following ABOi-KT was
higher than that of ABOc-KT (t2-3: 42.9% vs 19.4%,
g2-3: 28.6% vs 6.5%). Gloor et al[94] described in the study
of protocol biopsies at 1 year posttransplant that there
was a significant difference in the incidence of acute rejection between ABOi-KT and ABOc-KT without HLA
antibody (50% vs 13.6%). Acute rejection in ABOi-KT
was mainly AMR (73.3%) as compared to ABOc-KT
without HLA antibody (12.5%). Setoguchi et al[91] also
compared the histologic findings of protocol biopsies in
48 ABO incompatible and 133 compatible grafts. There
was no difference in clinical and subclinical rejection between ABO incompatible and compatible grafts (clinical:
37.5% vs 25.6%, subclinical: 10.4% vs 15%). However,
ABO incompatible grafts had a high incidence of AMR
compared to ABO compatible grafts (27% vs 5.3%). Interestingly, rejection was detected in only 15.0% at 1 mo
in ABOi-KT compared to 34.7% in ABOc-KT, but in
30.0% at 6-12 mo compared to 10.5%. Wilpert et al[34]
demonstrated that the rejection rates in ABOi-KT were
similar to that in ABOc-KT. Acute cellular rejection was

HISTOLOGICAL FINDINGS IN ABOI-KT
In ABOi-KT, acute AMR by anti-A/B antibody is a wellrecognized cause of early graft loss. Diagnosis of acute
AMR needs C4d staining in the peritubular capillary (PTC)
and the presence of anti-donor antibodies[87,88]. Morphologic changes include acute tubular necrosis, capillary
and/or glomerular inflammation, and transmural arteritis
and/or arterial fibrinoid change. C4d staining is the hallmark of humoral induced complement activation and like
ABOc-KT was thought to be a useful indicator of AMR
even in the setting of ABOi-KT[89]. However, C4d deposition without AMR was seen in 85.7% of ABOi-KT at 3
mo posttransplant[90]. Setoguchi et al[91] analyzed protocol
biopsies of ABOc-KT and ABOi-KT. C4d expression of
PTC was detected in 94% of ABOi-KT, whereas in only
11% of ABOc-KT. In protocol biopsies during stable
allograft function, 80% of ABO incompatible grafts
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Table 3 Current protocols for ABO incompatible kidney transplantation
Author

Country,
year

Adult recipients
Rituximab protocol
Saito et al[53]

Rituximab dose Pretransplant Antibody
IS
depletion

IVIG

375 mg/m2
MMF/MP DFPP or
(twice) at -14
at -1 Mo
PE
and -1 d
Tyden et al[54]
Sweden,
375 mg/m2
TAC/
IAs
0.5 g/kg
2006
(once) at -1 mo MMF/Pred
after last
at -13 d
IAs
Chikaraishi et al[55]
Japan,
100 mg/m2
MMF/MP at DFPP and
2008
(twice) at -8 -14 d, TAC at
PE
and -1 d
-3 d
Galliford et al[30]
United
1000 mg (twice) TAC/MMF
PE
0.1 g/kg
Kingdom,
at first day of
at -14 d
after each
2008
PE and at the
PE
operative day
Genberg et al[31]
Sweden,
375 mg/m2 TAC/MMF/
IAs
0.5 g/kg at
2008
(once) at -1 mo Pred at -10 d
-1 d
Oettl et al[32]
Switzerland, 375 mg/m2
TAC/MMF
IAs
0.5 g/kg
2009
(once) at -1 mo /Pred at -14
after last
d
IAs
Sivakumaran et al[78]
United
375 mg/m2
MMF at
PE
2 g/kg
States, 2009 (once) at -3 wk
-1 mo
after last
PE
Wilpert et al[34]
Germany,
375 mg/m2
TAC/MMF
IAs
0.5 g/kg
2010
(once) at -1 mo
or MPS/
at -1 to
Pred at -7 d
-5 d
Fuchinoue et al[36]
Japan,
100-1000 mg,
CYA or
DFPP or
2011
1-3 times
TAC/MMF
PE
at -2 d
Habicht et al[37]
Germany,
375 mg/m2 TAC/MMF/
IAs
30 g at -1
2011
(once) at -1 mo
Pred at
to -2 d
-1 mo
Lipshutz et al[38]
United
375 mg/m2
TAC/MMF
PE
10 g after
States, 2011 (once) at -1 mo at the first
each PE
day of PE
Shirakawa et al[39] Japan, 2011
500 or 200
TAC/MMF/ DFPP
mg/m2 (once), MP at -7 d
at -5 to -7 d
Morath et al[40]
Germany,
375 mg/m2 TAC/MMF/
IAs
0.5 g/kg
2012
(once) at -1 mo MP at the
after last
first day of
IAs
IAs
Uchida et al[41]
Japan,
150 mg/m2
MMF/MP at DFPP or
2012
(twice) at -14 -1 Mo, CYA or
PE
and 0 d
TAC at -3 d
Rituximab-free protocol
Montgomery et al[43]
United
TAC/MMF
PE
0.1 g/kg
States,
at the first
after each
2009
day of PE
PE
Flint et al[35]

Ashimine et al[42]
Pediatric recipients
Genberg et al[31]
Tyden et al[1]

Japan,
2006

Australia,
2011

-

MMF at -10
to -14 d

PE

Japan,
2013

-

MMF at -14
d

DFPP

Sweden,
2008
Sweden,
2011[1]

375 mg/m2
(once) at -1 mo
375 mg/m2
(once) at -1 mo

TAC/MMF/
Pred at -10 d
TAC/MMF/
Pred at -13 d

IAs
IAs

Target titer
at the time of
transplantation

< 1:16

Induction IS

Maintenance Posttransplant
IS
antibody
depletion

BAS (20 mg at 0 CYA/MMF/
and 4 d)
MP

-

< 1:8

-

TAC/MMF/
Pred

IAs, 3 times

< 1:8

BAS (20 mg at 0
and 4 d)

TAC/MMF/
MP

-

< 1:4

DAC (2 mg/kg
at 0 and 14 d)

TAC/MMF/
Pred

PE at 1 and 3
d

< 1:8

-

< 1:8

BAS (20 mg at 0
and 4 d)

NA

ALE (1 mg/kg at TAC/MMF/
0 and 14 d)
Pred

< 1:4

BAS (20 mg at 0
and 4 d)

< 1:16

BAS (20 mg at 0 CYA or TAC/
and 4 d)
MMF/steroid

< 1:8

-

TAC/MMF/ IAs, 3 times
Pred
TAC/MMF/ IAs or PE (not
Pred
routinely)

TAC/MMF/
Pred

-

IAs (not
routinely)
-

TAC/MMF/
MP

IAs (not
routinely)

< 1:8

ATG (1.5 mg/kg TAC/MMF/
for 4 d)
Pred

PE (not
routinely)

< 1:32

BAS (20 mg at 0
and 4 d)

TAC/MMF/
MP

< 1:16

BAS (20 mg at 0
and 4 d)

TAC/MMF/ IAs or PE (not
MP
routinely)

< 1:16

BAS (20 mg at 0 CYA or TAC/
and 4 d)
MMF/MP

< 1:16

DAC (2 mg/kg TAC/MMF/
PE, at least
initial dose, 1 mg/
Pred
twice (with
kg every 2 wk for
IVIG 0.1 g/kg)
total 5 doses)
BAS (20 mg at 0 TAC/MMF/
PE (not
and 4 d)
Pred
routinely)

0.1 g/kg
after each
PE
-

< 1:8

0.5 g/kg at
-1 d
0.5 g/kg
after last
IAs

< 1:8

-

< 1:8

-

< 1:8

BAS (20 mg at 0 CYA or TAC/
and 4 d)
MMF/Pred
TAC/MMF/
Pred
TAC/MMF/
Pred

-

-

-

IAs, 3 times
IAs, 3 times

IS: Immunosuppression; IVIG: Intravenous immunoglobulin; MMF: Mycophenolate mofetil; MP: Methylprednisolone; DFPP: Double-filtration
plasmapheresis; PE: Plasma exchange; BAS: Basiliximab; CYA: Cyclosporine; TAC: Tacrolimus; Pred: Prednisolone; IAs: Antigen-specific
immunoadsorption; DAC: Daclizumab; NA: Not available; ALE: Alemtuzamab; MPS: Mycophenolate sodium; ATG: Antithymocyte globlin.
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untreated recipients (52.2% vs 40.2%)[98]. However, as in
earlier studies the incidences of CMV and BKV infection
in RIT-treated recipients were higher than in non RITtreated recipients (CMV: 16.4% vs 5.7%, BKV: 13.4% vs
8.0%).

Table 4 Pro and cons for ABO incompatible kidney
transplantation
Pro ABOi-KT
Reducing waiting list and time
Expanding living donor pool
Improvement of patient's prognosis
Excellent graft survival (comparable with ABOc-KT)
Contra ABOi-KT
Comparative high immunological risk
Higher incidence of acute AMR
Intensified immunosuppression
Antibody depletion therapy
Increasing expenditure
Higher incidence of viral infection

Malignancy
It is generally accepted that immunosuppression is associated with an increased incidence of malignancy in KT recipients compared to the general population[99]. However,
several studies have demonstrated that ABOi-KT did not
increase the risk of posttransplant malignancy compared
with ABOc-KT. Yamamoto et al[100] analyzed the risk
of ABOi-KT compared to ABOc-KT retrospectively.
ABOi-KT recipients were older than ABOc-KT recipients and all ABOi-KT recipients received splenectomy,
in this study despite increased age and splenectomy[101,102],
there was no significant difference in the incidence of
malignancy between ABOi-KT and ABOc-KT (4.8%
and 4.2%). Similarly, Hall et al[103] showed that 7 of 318
ABOi-KT recipients experienced posttransplant cancer.
The incidence rate ratio (IRR) of cancer in ABOi-KT
was identical to that in matched control ABOc-KT (IRR:
0.99). This limited data reassuringly indicates that ABOiKT is not associated with an increasing incidence of malignancy after KT. Thus, a further analysis of long-term
observations in ABOi-KT after RIT is needed.

ABOi-KT: ABO incompatible kidney transplantation; ABOc-KT: ABO
compatible kidney transplantation; AMR: antibody-mediated rejection.

detected in 23.2% of ABOi-KT and in 22.5% of ABOcKT. Acute AMR was shown in 4.7% of ABOi-KT, which
was similar to ABOc-KT (5.0%).

ADVERSE EFFECT OF ABOI-KT
Infection
The improvement in ABOi-KT graft survival rate has
come at the expense of increased posttransplant infection. The infection rate in ABOi-KT is significantly higher than in ABOc-KT (60% vs 29.8%)[37]. The rates of infection including cytomegalovirus (CMV), herpes simplex
virus, varicella zoster virus and BK virus (BKV) in ABOiKT were also significantly higher than in ABOc-KT. The
most common viral infection was BKV in 25% of ABOiKT compared to only 8.5% of ABOc-KT. However, the
incidences of rejection, graft survival rate and function of
ABOi-KT patients were compatible with these of ABOcKT patients. On the contrary, Genberg et al[31] showed that
there was no statistical difference in overall infection complications between ABOi-KT with RIT and living ABOcKT (40% vs 63.3%). However, ABOi-KT patients who
were treated with RIT, may have had different infection
profiles. Grim et al[96] retrospectively analyzed the incidence of posttransplant infection in HLA sensitized KT
or ABOi-KT treated with RIT and compared to HLA
sensitized KT without RIT. The acute rejection rate in
RIT treated KT was similar to KT without RIT (40% vs
33%). However, posttransplant infection rate was 48.0%
RIT with KT, but only 11.1% without RIT. Kamar et al[97]
reported that infection rate was 45.5% in KT with RIT
which was similar to KT without RIT (53.9%). Bacterial,
viral and fungal infection were observed in 36.3%, 18.2%
and 16.9% in KT with RIT, against 31.6%, 34.3% and
5.32% in KT without RIT. Polyoma virus infection rate
(64.3%) was relatively high in RIT. Moreover, infection
related-death was significantly higher in RIT treated patients. This data ascertained that RIT was associated with
severe infection which causes death rather than an increased risk of infection. Other report confirmed earlier
observation showing that the incidence of posttransplant
infection in RIT-treated recipients was similar to RIT-
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COST OF ABOI-KT
It is recognized that KT is a cost-effective option over
dialysis[104-106]. The estimated cost for ABOi-KT over 20
years was $315600, which was approximately 15% lower
than dialysis[107]. ABOi-KT is more expensive than ABOc-KT because of requirement for desensitization and
removal of anti-A/B antibody. The cost of ABOi-KT
in the first 90 d posttransplant is $90300 compared to
$52500 for ABOc-KT[108]. The additional cost of ABOiKT amounts to €31948 for IAs, RIT, IVIG, and prolonged hospital stay[31]. The cost of single IA is approximately €4340-1433[40]. However, despite more expensive,
ABOi-KT is still more cost-effective than dialysis in the
long-term and delivers a better quality of life.

CONCLUSION
Since first performed over 50 years ago, ABOi-KT has
become an accepted source of KT. Reassuringly, despite
lack of control trials in ABOi-KT, more than satisfactory outcomes have been observed in adult and pediatric
recipients, in many studies equivalent to living ABOc-KT.
ABOi-KT also has disadvantages in spite of excellent
outcomes (Table 4). Preconditioning treatment of ABOiKT, such as antibody reduction and desensitization, is
more intensified and complicated than that of ABOcKT. With current protocols, the occurrence of early graft
loss and AMR are not completely abolished. Preconditioning strategy in ABOi-KT has evolved over time. RIT
has replaced splenectomy which was once thought a cru-
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cial procedure for ABOi-KT, although this is increasingly
abandoned in favor of IAs and IVIG. Overall, ABOiKT is more expensive than ABOc-KT which may restrict
its adoption in resource poor countries. We believe that a
live donor ABOi-KT is a viable alternative to waiting on
deceased donor list.
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Core tip: Although many research assays have attempted to identify potential biomarkers that may be used
to monitor immune function after liver transplantation,
most require significant laboratory processing and are
not clinically feasible. The rejection cascade is complex and not completely understood, with many likely
interactions between innate and adaptive immune processes. Therefore, no single test is likely to provide a
fool-proof window to the immune response and a combination of assays may be necessary. However, nothing
can replace the clinical judgement of an expert transplant clinician for pooling together data to individualize
immunosuppression therapy.

Abstract
Many of the causes of short and late morbidity following liver transplantation are associated with immunosuppression or immunosuppressive medications.
Current care often involves close monitoring of liver
biochemistry as well as therapeutic drug levels. However, the postoperative course following liver transplantation can often be associated with significant complications including infection and rejection, suggesting
an inadequacy in current immune function monitoring.
Many assays have been tested in the research setting
to identify possible biomarkers that may be used to
predict clinical events such as acute cellular rejection,
and therefore allow modification of a patient’s immunosuppressive regimen prior to a clinical event. However,
these generally require significant laboratory processing
and have had difficulty becoming established in common clinical use outside the research setting. One assay, Cylex ImmuKnow has been food and drug administration approved but has had variable results. In this
review we discuss the assays that have been used to
assess monitoring of immune function after liver transplantation and consider possible future directions.

Sood S, Testro AG. Immune monitoring post liver transplant.
World J Transplant 2014; 4(1): 30-39 Available from: URL:
http://www.wjgnet.com/2220-3230/full/v4/i1/30.htm DOI: http://
dx.doi.org/10.5500/wjt.v4.i1.30

INTRODUCTION
Although the use of modern immunosuppression has
greatly increased the life expectancy of organ transplant recipients, they are not without problems. Mortality within the first year following liver transplantation
(OLTx) usually occurs within the first three months with
causes including infection, primary graft failure, rejection
and technical complications[1]. Causes of late mortality
include cardiovascular disease (9%-22%), de novo malignancy (16%-23%), infections (6%-19%), chronic rejection and graft failure (5%-19%) and chronic renal failure
(5%-10%)[2-5]. Many of the causes of short and late mortality following OLTx are related to immunosuppression,
with an estimated 40%-70% of all post-transplant mortality attributable to immunosuppression or immunosuppressants[5,6].
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thrombosis, cholangitis, recurrent viral hepatitis and drug
induced injuries. There is often a delay between the first
LFT abnormality being noted, and patients undergoing a
liver biopsy for diagnosis of rejection. It is an imprecise
and late marker of graft injury.

Table 1 Clinically available immune monitoring after adult
liver transplantation

Currently available
Liver biochemistry
Therapeutic drug levels
ImmuKnow
Liver histology
Future possibilities
PlexImmune
? Combination assays

Sensitivity

Specificity

High
Low
Low
Gold standard

Low
Low
High
Gold standard

THERAPEUTIC DRUG MONITORING
Calcineurin inhibitors
Cyclosporine and tacrolimus are the two commonest
drugs used in maintenance following OLTx and inhibit
the phosphatase activity of calcineurin through binding of cyclosporine-cyclophilin and tacrolimus-FKBP12
complexes. This inhibits T-cell activation, but because
calcineurin and the nuclear factor activated T-cell pathway
are not T-cell specific, calcineurin inhibitors (CNIs) are
often associated with significant toxicity[13]. In particular,
tacrolimus has high rates of diabetes, while cyclosporin
is associated with increased hypertension and dyslipidemia[14]. Furthermore, both drugs are associated with
end-stage renal failure that can complicate up to 20% of
patients following OLTx[15].
Tacrolimus (> 90%) and cyclosporine (> 50%) are
concentrated in erythrocytes, and therefore whole blood is
used to measure the therapeutic drug levels[16]. Most centres use an ELISA to measure trough levels of tacrolimus,
while large clinical trials of OLTx patients treated with cyclosporine show lower rates of rejection and nephrotoxicity complications with monitoring based on either AUC0-4
or the concentration 2 h following administration[17-19].
Therefore many units (including our own) perform a level
2 h (C2) following the patient’s morning dose.
Setting a therapeutic target for the CNIs has been
difficult with standard protocols generalized to managing large number of recipients, but not specific to each
patient’s individual clinical situation[20]. CNIs also have a
poor dose-level correlation, an unpredictable level-effect
association, individual pharmacokinetic differences, and an
unclear level-toxicity relationship[21,22]. Side-effects are seen
even with CNI levels below the “therapeutic range”[23]. Further problems arise as the monoclonal antibodies used to
detect certain metabolites may not capture all biologically
active forms of the CNIs[24,25].
Given the level of drug determined by immunoassay
is not correlated with immunosuppressive drug efficacy
or the level of immunosuppression[22,26,27] the United
States Food and Drug Administration (FDA) has gone
so far as to reclassify assays for measuring tacrolimus and
cyclosporin blood levels indicating that no suitable therapeutic ranges exist and these tests should not be used
alone to adjust drug dosing[28].

Only Paedeatric studies published

To minimize side-effects, clinicians often empirically
attempt to minimize dosages. Only very few patients are
trialed or able to completely withdraw successfully from
all immunosuppression. Tailored therapy for each patient, based on a functional measure of their individual
immune response, would clearly be preferable to empiric
reduction of therapy in all patients[7].
The challenge in balancing the risks of over and under immunosuppression is complicated by the lack of
reliable means of predicting patients’ immunosuppressive
needs. OLTx in particular, presents unique challenges
compared with other solid organ transplants. The liver
is an immunotolerant organ but rejection rates remain
at 30%-40%[8-10]. Despite this, some individuals have the
potential for complete withdrawal of immunosuppression. Furthermore, the postoperative course after OLTx
is often complicated, with biliary strictures and recurrent
diseases shrouding the diagnosis of rejection and confusing the management of a patient’s immune function post
transplant. Therefore, it has long been suggested that we
monitor transplant patients for their functional immunity
to optimize therapy[11,12].
An ideal immune function assay would be based on
whole blood, require minimal handling, be reproducible
and standardized across laboratories, relatively cheap, and
offer a rapid turn around that would allow interpretation
of results and corresponding adjustments in immunosuppression early enough to prevent complications or drug
related side-effects.
Currently available standard of care in most centres
to monitor immune function involves liver biochemistry,
drug levels and clinical events (Table 1). Several other potential bio-markers and diagnostic parameters have been
suggested in order to confront the immune monitoring
challenge and are summarized in Table 2. In this review,
we examine the current available options for monitoring
the immune system after liver transplantation.

LIVER BIOCHEMISTRY

Optimising CNI drug dosing
CNI dosing is impacted by the variable metabolism of
the drugs. Tacrolimus is metabolised by CYP3A enzymes
in the small intestine and the enzymatic activity can
vary by a factor of 5 between patients[29]. Genetic polymorphisms of CYP3A have shown higher tacrolimus
clearance and lower levels in some kidney transplant re-

Clinicians have traditionally relied on liver biochemistry
(LFT) in making non-invasive assessments regarding
graft function after OLTx. An increase in LFTs is seen
during rejection but is non-specific and many other important aetiologies need to be considered. These include
but are not limited to biliary strictures, hepatic artery
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Table 2 Summary of assays for immune function monitoring

Antigen-specific assays: Limiting dilution aAssays, mixed
lymphocyte reactions, ELISPOT
Antigen non-specific:
ImmuKnow
Cytokine levels/polymorphisms
Immune competence scores
Regulatory T cells (Tregs)
Soluble CD30
Identifying operational
Tregs, Gene expression,
tolerant recipients:
dendritic cell types, delayed type
hypersensitivity

Advantages

Disadvantages

Measure individual antigen specific
response
Available, FDA approved

Need donor cells, Laboratory intensive

Readily available
Associated with rejection

Able to identify recipients in whom
immunosuppression could be
withdrawn

Inconsistent results
Inconsistent results
Lack of published validation studies
Laboratory intensive. Lack of published validation
studies
Lack of association with clinical outcomes in OLTx
Laboratory intensive. Only few recipients suitable

FDA: Food and drug administration; ELISPOT: Enzyme-linked immunosorbent spots; OLTx: Liver transplantation.

cipients[30] while attempts to evaluate pharmacodynamics
directly through monitoring of CNI biological activity
have demonstrated correlation between peak levels of
CNIs and residual gene expression (by nuclear factor of
activated T-cells), but not clinical events[31].
High-performance liquid chromatography was developed for evaluating four cyclosporine degradation
products and two related compounds (CyB and CyG)[32].
Initially developed to test quality control of generic formulations, future studies may consider evaluating whether
these could have a closer association with outcomes than
the cyclosporin blood level[20].

graft tissue has the further advantage that it can reveal the
local ongoing antidonor immune responses[34] and protocol biopsies provide a more accurate marker of graft
function compared to liver biochemistry[13]. Surveillance
biopsies of the transplanted organ may represent the
gold standard for directly assessing the extent of immune
activity within the allograft. However, serial biopsies are
invasive and almost impractical outside of a research setting[35].
Immune monitoring assays
Although commonly used, the aforementioned tests have
significant disadvantages and do not provide an accurate
marker of a patient’s immune system following OLTx.
As a consequence, clinical events and side-effects remain
common causes of morbidity and mortality. Many assays
have been developed and evaluated with varying results
but are yet to achieve use outside of research settings. In
general, these assays can be broadly classified as antigenspecific or non-antigen specific and will be discussed below.

Other drugs
The CNIs are often used in combination with other immunosuppressants. Steroids and induction agents such as
basiliximab (anti-IL2) have no specific monitoring mechanisms apart from side-effects, while the optimal dosing
and levels of the mTOR inhibitors remain uncertain.
Even if the biological activity of each individual drug
could be accurately determined, this would not provide
an objective net biomarker of immune function as the
cross-reactive effects of the drugs would remain uncertain. As such, therapeutic drug monitoring may continue
to assist clinicians in managing patients, but is unlikely to
be the dominant method of future immune system monitoring following OLTx.

ANTIGEN-SPECIFIC ASSAYS
Donor specific assays
Functional donor specific assays may allow detection of
immunological states favouring alloimmune quiescence
over reactivity[36]. Functional or cytokine kinetics assays
may then be applied to determine preemptively whether
immunosuppression dosing should be altered.
Limiting dilution assays (LDA) are an example which
can provide more precise quantification of immunity
to a given stimulus and allow estimation of frequencies
of antigen-specific cells participating in an immune response[37]. It requires recipient peripheral blood mononuclear cells (PBMCs) interacting with donor stimulator
cells. This can then be used to determine production of
different cytokines in the presence of supernatant cultures such as interferon-gamma, interleukin (IL)-5, IL-4,
IL-10, IL-13 or TNF-α present in the well[37]. LDA has
been employed to show a highly significant correlation
between the donor-specific and third-party stimulated
IL-4 and IL-10 produced from recipient PBMCs with

Clinical events
One of the major influences on drug dosing and immunosuppression following liver transplantation is the presence of complications. In particular, patients who develop sepsis or malignancy following transplantation often
have their immunosuppression empirically reduced. Correspondingly, patients undergoing rejection are treated
with increased medication. Clearly this is a crude method
of monitoring immunosuppression and the purpose of
immune monitoring is to optimise immunosuppression
prior to the occurrence of clinical events.
Biopsies
Acute cellular rejection is diagnosed on histology based
on the commonly accepted Banff criteria[33]. Sampling
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stable liver graft function compared with rejectors, independent to level of immunosuppression[38].
The main limiting step is availability of donor cells
that can be difficult to obtain from cadaveric transplants
unless cells are harvested at time of surgery from the
spleen or lymph nodes and cryopreserved for future
donor-specific assays[20]. Furthermore, the assays often
require substantial laboratory work and may need significant amounts of blood and cells for repeated stimulations/experiments.

only from the recipient but also the donor. In some cases
when donor cells have been insufficient or unavailable,
“surrogate PBMCs” have been used[41] but their validity is
uncertain in a clinical population.
Enzyme-linked immunosorbent spots
Enzyme-linked immunosorbent spots (ELISPOT) quantifies the frequency of previously activated (memory)
T cells that respond to donor antigens by producing a
selected cytokine in vitro. Recipient T cells are cultured
with donor cells on tissue culture plates coated with a
cytokine-specific antibody that is detected using labeled
secondary antibodies. Each detected spot represents an
effector or memory T cell which has been primed to the
stimulating antigens[37].
ELISPOT has been proposed as a surrogate marker
of allogenic responsiveness in renal transplantation[44-46].
Pretransplant IFN-γ ELISPOT has been associated with
rejection risk following renal transplant[44,45,47] which suggests that IFN-γ-producing cells represent cells that have
been sensitized to the graft antigens. Thus providing an
ex vivo reflection of the evolving in vivo, donor-reactive
immune response which may allow patients without a
positive response to reduce or withdraw their immunosuppression[7]. Apart from IFN-γ, granzyme B (GrB)
has been studied in a small number of paediatric OLTx
recipients but failed to predict the occurrence of rejection[48].
The labor-intensiveness and time-consuming nature
of these assays, the need for donor cells, the questionable reliability for stored cells along with some inconsistent correlations with clinical outcomes have prevented
their broad acceptance as reliable immune monitoring
tools[7,49].

Mixed lymphocyte reaction
Mixed lymphocyte reaction (MLR) assays provide an
estimate of the primary in vitro response to the direct
recognition of allogenic molecules[37]. Their main value is
in assessing tolerance - that is MLR responsiveness in the
face of clinically evident donor-specific tolerance.
Studies with 3H-thymidine mixed leukocyte responses
(MLR) show that enhanced donor-specific alloreactivity
persists longer among children with early rejection and
is associated with early and late liver rejection[39,40]. To account for the significant variation that is often seen in donor-specific alloresponses, values are often expressed as a
ratio to a third-party response known as the immunoreactivity index. A ratio under 1 suggests low rejection risk[40].
However, this assay is non-antigen specific, requires
prolonged stimulation and larger amounts of blood than
would be routinely feasible in transplant populations[41].
Further enhancements to MLR include combination
of results with carboxyfluorescein diacetate succinimidyl
ester (CFSE) labelling by flow cytometry[42]. CFSE is an
intracellular fluorescent label that divides equally amongst
daughter cells and can be used to study cell division[37]. It
measures the proliferative response of recipient lymphocytes after culture or stimulation with donor cells. Unlike
many other immune monitoring studies, this has been
investigated in an interventional study of 51 adult OLTx
recipients. Immunosuppression was increased, decreased
or maintained depending on results from the MLR compared with 64 OLTx recipients who had standard of care
with empirical based management. This showed trends
towards improved rates of rejection and survival, but
not sufficient to reach significance (P < 0.05)[42]. A MLRCFSE assay has also been used to distinguish between
rejection on suspicious biopsies[43].
To overcome the issues of prolonged stimulations
and blood sample requirements common in MLR assays,
Ashokkumar et al[41] evaluated a CD154+ (CD40L) T-helper and T-cytotoxic cells MLR as measures of rejection
risk[41]. This requires < 24 h of stimulation and only 3 mL
of blood. These authors identified pre OLTx CD154+
cytotoxic T memory cell responses were associated with
significantly increased risk (HR = 7.355, P = 0.02) for
rejection. This assay can be ordered as PlexImmune™
(Plexison, Pittsburgh, United States) with results in the
United States available 2 d after obtaining blood samples.
Only small studies have been published to date with PlexImmune in paediatric liver and small intestinal transplant
recipients. The assay requires extraction of PBMCs not
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Chimerism
After OLTx, haematopoietic donor cells are transferred
with the graft from donor to recipient. These chimeric
cells may persist in the recipient and be detectable even
years post-transplant[50]. It has been hypothesised that
developing chimerism may be desirable after OLTx and
potentially associated with tolerance[51]. This could allow
immunosuppression to be reduced in patients who have
detectable chimerism. However, a meta-analysis has failed
to demonstrate a significant association between microchimerism and rejection, but techniques of varying sensitivity were used to measure the degree of chimerism[52].
The value and role of chimerism after liver transplantation remains uncertain, and may also differ depending on
the time post-transplant[53].

ANTIGEN NON-SPECIFIC
ImmuKnow
As immunosuppressive drugs ultimately target T-cell
function, it would seem logical that assessing T-cell function would provide a potential biomarker for monitoring
immune function after transplantation[54]. ImmuKnow
(Cylex Ltd, United States) was developed as a biomarker
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to guide immunosuppressant dosing following solid
organ transplantation and was approved by the United
States FDA in 2002. ImmuKnow measures adenosine
triphosphate produced after stimulation of T-cells with
plant lectin phytohemagglutinin (PHA) mitogen [54].
Whole blood is used to ensure that CNIs are maintained
during incubation. After overnight incubation, CD4 cells
are selected using paramagnetic particles coated with a
monoclonal antibody to CD4[54]. ImmuKnow does not
correlate with CD4 cell numbers, and the assay is theorized to provide an independent variable[54].
Studies in OLTx recipients have reported contradictory results for ImmuKnow in predicting acute rejection
and infection[55-62]. Most of these studies are retrospective,
have limited follow-up, heterogenous in study design,
and often include multiple solid organ transplants in the
analysis despite immunosuppression protocols and clinical event risks differing substantially amongst different
transplant populations.
Further, many of these studies only employ single
time point measurements and risk potential bias and the
effect of confounders. For example, one study assessing ImmuKnow and infection risk declared lower values
in patients who suffer an infection following transplant.
However, one of the triggers to run the assay in this
study was an event such as fever or raised liver biochemistry[63]. Furthermore, a single result cannot be expected
to predict the long-term immune function of the patient.
Ideally serial measures, correlated with changes in immunosuppressant dosing, would be needed to adequately
assess the immune response post OLTx.
To coincide with the multiple studies demonstrating conflicting results, there have been two opposing
meta-analyses published[64,65]. One recent meta-analysis
by Ling et al[64] suggests a sensitivity of 0.43 (95%CI:
0.34-0.52) and specificity of 0.75 (95%CI: 0.72-0.78) of
ImmuKnow for predicting rejection with a diagnostic
odds ratio 1.19 (95%CI: 0.65-2.20). This study incorporated multiple organ transplants and when a sub-analysis
of liver transplant patients was conducted, results suggested poor sensitivity but improved specificity (sensitivity
0.11 95%CI: 0.01-0.33, specificity 0.94 95%CI: 0.91-0.95).
A separate meta-analysis in liver transplant recipients
identified 4 studies which assessed ImmuKnow for both
infection risk and rejection, one further study assessing
infection specifically, and a further study examining rejection risk alone. All but one study were retrospective, and
in general had small patient numbers with short or undeclared periods of follow-up. In this meta-analysis, the ImmuKnow assay was identified as having a diagnostic odds
ratio of 14.7 with sensitivity 83.8% and specificity 75.3%
for diagnosing infection. When evaluating rejection, a
diagnostic odds ratio of 8.8 (sensitivity 65.6%, specificity
80.4%) was noted alongside significant variation amongst
studies included in analysis. In particular, the sensitivity
ranged from 9.1%-85.7%[65].
A possible explanation for the perceived poor sensitivity of ImmuKnow in detecting rejection may be that it
relies on T cell stimulation with PHA mitogen, which is a
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non-specific antigen that stimulates the adaptive immune
system. With the renewed interest in Toll-like receptors,
current evidence suggest that the innate immune system
also plays a central role in rejection and allorecognition[66-69]. By only stimulating the adaptive immune system, we postulate that the poor sensitivity may reflect
ImmuKnow failing to recognize and therefore measure
the contribution made by innate immune mediators to
rejection processes.
Clearly there have been issues with several studies that
incorporate ImmuKnow. However, the assay is FDA approved and with few other options, the assay is employed
in several centres. However, there are often no clear protocols and use varies even amongst individual clinicians in
the same centre[35]. A large, formal, multi-centre randomized controlled trial would resolve many questions regarding ImmuKnow in regards to its ability to be an objective
biomarker of immune function in OLTx patients.
Cytokine genetic polymorphisms
Productions of cytokines vary amongst individuals, and
detecting possible polymorphisms in the responsible
genes could help in stratifying patients for risk of clinical
outcomes. However, in a meta-analysis studying the impact of cytokine gene polymorphism on graft acceptance
in clinical transplantation, the only genetic risk factor
associated with acute liver rejection was IL-10 polymorphism at position 1082[70] which is associated with low in
vitro production of IL-10[71].
Circulating cytokine levels
Circulating cytokine levels have the benefit of being
reasonably easy to determine. However, analysis of published clinical studies correlating circulating levels with
immunological status after liver transplantation are confusing and often contradictory[49]. This probably reflects
the multitude of confounding factors that impact this patient population, including surgical stress, the associated
ischaemia-reperfusion injury, blood transfusions, hepatic
regeneration and infectious complications[72].
Immune competence scores
Some have evaluated multiple factors such as complement and immunoglobulin levels in an attempt to determine an immune competence score to assist in determining risk of infection[73]. This scoring system assigned
two points for each of the following: increased levels
of baseline IgG, increased levels of baseline IgA, and
decreased levels of pre-OLTx C3. This score was found
to have a relative risk of infection of 1.99 (P < 0.001)
and would be both relatively cheap and employs pathology tests already available in many labs[73]. However, to
our knowledge it has not been validated in larger cohorts
and would not take into account the multitude of other
factors involved in a patient’s immune function after the
transplant operation.
Regulatory T Cells (Treg)
In adult allograft recipients there is evidence that Tregs
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are involved in transplantation tolerance by directly inhibiting the proliferation of effector T cells. A substantial
number of donor Tregs detach from the liver graft during
perfusion and continue to migrate into the recipient after
OLTx. These suppress the direct pathway alloresponses
and are theorized to contribute to chimerism-associated
tolerance in vivo in the early stage after transplantation[74].
Lower levels of these regulatory cells have been identified in patients undergoing acute rejection[75,76] while
patients completely weaned off immunosuppression
demonstrate higher numbers in their grafts and peripheral circulation[77-81]. Despite this, Treg analysis still requires
significant laboratory work to isolate PBMCs and perform laboratory analysis and are not currently marketed
or used in clinical settings that we are aware of.

be specialized for induction of immunity. Plasmacytoid
DC (CD123+) develop after stimulation with IL-3 and
CD125+ (CD40L) and promote Th2 responses which can
be for induction of tolerance[91]. The ratio of these cells
may be important, with flow cytometry demonstrating
operationally tolerant patients exhibiting higher incidence
of plasmacytoid dendritic cells (theorised to induce tolerance) compared with myeloid dendritic cells[92,93].
Delayed-type hypersensitivity
In OLTx patients, the trans vivo delayed-type hypersensitivity (DTH) assay has been shown to be valuable in identifying OT recipients[94]. This technique involves transfer
of PBMCs plus donor antigen in the footpads of naive,
severe combined immunodeficiency mice and measuring
for response[94]. This has the advantage of evaluating in
vivo cell-mediated allogenic immunity without direct exposure of patients[95]. The logical limitation is the need to
have immunodeficient mice available and this makes the
assay unfeasible outside research.
Identifying patients who can achieve OT would prove
valuable in reducing immunosuppression and related
side-effects in these recipients. It would also reduce the
ad hoc nature that is sometimes employed to withdraw
immunosuppressants following OLTx. However, only a
small proportion of patients are likely to have the potential to achieve full operational tolerance and other methods of immune monitoring are therefore needed for the
majority of patients.

Soluble CD30
Both CD4 and CD8 cells express CD30 after primary
alloantigenic stimulation. Although there is some suggestion that soluble CD30 may be a useful marker in kidney
transplantation[82,83], studies in adult[84] and paedeatric[85]
liver transplantation have failed to reveal a role in predicting rejection outcomes.
Operational tolerance
The liver allograft can often be maintained after transplantation with low levels of immunosuppression and in
some cases be withdrawn completely without histological
damage from rejection - defined as operational tolerance
(OT)[86]. It is estimated that OT rates after OLTx are as
high as 20%-25%[87,88]. It appears that OT recipients have
different cellular immunophenotypic or peripheral blood
transcriptional profiles compared with healthy volunteers,
recipients on immunosuppression or those experiencing rejection[80,86]. Several studies have sought to identify
which patients are likely to achieve OT which could then
facilitate drug withdrawal in this select group.

CONCLUSION
Immune function monitoring following OLTx remains
a difficult area, but an area in which even small advances
would likely result in significant improvements to morbidity and long-term mortality for patients following liver
transplantation today. Many options for immune monitoring have been considered, and vary in methodology
from predicting risk of clinical complications, varying
dosing of immunosuppressants, and identifying those
who may be able to develop operational tolerance.
No single method or assay has been able to meet the
diagnostic requirements while answering the basic technical requirements: an assay that is standardized, reproducible, cost-effective, easy and intuitive to perform[35]. Most
vary in degree of promise based on ease of execution,
precision, specificity, reproducibility and cost, as well as
the type of information they provide[96]. It is possible that
multiple assays or a combination assay may be needed in
the same patient at different times to distinguish an accurate immunological profile in the future[37]. In particular,
combining assays from both arms of the immune system
(innate and adaptive) may provide clinicians a more comprehensive net immune response of a patient.
Many antigen specific assays also suffer from being
based on PBMC which excludes the red cells from. This
can pose several issues. Firstly, both the CNIs and mTOR
inhibitors are found in whole blood rather than extracted
PBMCs, and whole blood has been considered the best

Gene expression
Martínez-Llordella et al[89] identified and validated a “tolerant genetic fingerprint” using transcriptional profiling
from transplant PBMCs. This identified a modest number of genes capable of identifying tolerant liver recipients with good accuracy. In particular, NK and γδTCR+
T cells were the main PBMC subsets associated with
tolerance-associated transcriptional patterns.
Although transcriptional profiling of peripheral blood
may allow identification of some patients capable of
completely weaning off immunosuppression, data directly supporting these assays and their ability to monitor the
net immunosuppressive state are yet to be published and
not available in clinical settings[20].
Dendritic cells
In humans, 2 major types of blood dendritic cells have
been described[90]. Monocytoid DC (CD11c+) can be
derived from circulating monocytes in response to
granulocyte-macrophage colony-stimulating factor and
IL-4 and induce Th1 cell differentiation in vitro and may
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matrix for monitoring immune function[20,97]. Secondly,
extraction of PBMCs is often a process that requires
significant laboratory effort and its applicability outside
research settings in commercial laboratories would likely
be personnel and cost-prohibitive.
Without available objective markers of immune function, drug levels, liver biochemistry and clinical events
are often used to guide immunotherapy. This approach
is crude and drug side-effects and clinical complications
remain common [63]. Although the ImmuKnow assay
offered early promise and is FDA approved, some conflicting results have limited its widespread acceptance. A
formal randomised controlled trial would help in answering many questions regarding the assay given the issues in
many of the trials previously undertaken.
The rejection cascade is complex and not firmly understood, with many likely interactions between innate
and adaptive immune processes. Therefore no single test
is likely to provide a foolproof window to the immune
response. As such, nothing can replace the clinical judgement of an expert transplant clinician for pooling together data to individualize immunosuppression therapy[20]
but an unmet need exists to measure immune function
and assess the risk of clinical complications objectively in
OLTx patients[41].
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Solid organ transplantation is currently limited by an
inadequate number of donor organs and the inability to
optimally evaluate and assess those organs prior to transplantation. The lack of donor organs has led to many
innovative strategies to increase the number of donor
organs available for transplantation. Split organ transplantation (liver), living donor transplantation and the use
of marginal or extended criteria donor organs has had a
modest effect on organ availability. The organ utilization
rate for many donor organ types (i.e., lung) remains low
and the benefits of increasing the donor pool are not
fully realized. From the initial pioneering work in kidney
transplantation by Belzer[1], successful outcomes tended
to depend on short ischemic time and good organ quality.
Techniques in rapid procurement, implantation and advances in organ preservation were crucial to development
of the field of transplantation. Out of the pioneering
work of F.O. Belzer, ex vivo kidney perfusion circuits were
conceptualized and then utilized with impressive results.
Alexis Carrel and Charles Lindberg had telegraphed this
possibility with their prescient work in 1935 “The Culture
of Organs”[2]. With current advancements in perfusion
technology, molecular biology and biomedical engineering the next evolution in organ transplantation will be
regional organ assessment and repair centers (ARCs)[3].
Regional organ ARCs build upon normo-thermic ex
vivo organ perfusion (EVOP) technology, which in turn
provides a potential platform to assess, repair and eventually modify donor organs. Currently, normo-thermic
EVOP allows for assessment of organ function prior to
transplantation and is largely focused clinically on lung
transplantation. Normo-thermic EVOP allows for potential donor organs to have their function evaluated and

Abstract
Solid organ transplantation is limited by suitable donor
organ availability and the geographic limitations that
lead to prolonged ischemic times. Ex vivo organ perfusion is an evolving technology that enables assessment
of organ function prior to transplantation. As a byproduct, overall out of body organ times are able to be extended. The future implications organ assessment and
repair centers utilizing this technology are discussed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Organ transplantation; Ex vivo organ perfusion; Lung; Liver; Kidney; Heart
Core tip: Regional organ assessment and repair centers
will build upon normo-thermic ex vivo organ perfusion
technology, which in turn provides a potential platform
to assess, repair and eventually modify donor organs.
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Figure 2 Through the use of ex vivo organ perfusion, preservation times
would be extended. With this extension of total ischemic times, organs would
have the opportunity to truly be matched with the recipient who would most
benefit from that particular organ at that particular time. Occasionally, the allocation may be the current, traditional approach, where the allocation directly
bypasses the ex-vivo assessment at the assessment and repair center and proceed directly to the recipient. (Adapted from Black and Whitson, 2013)[3]. ARC:
Assessment and repair center.

No
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research

izing a regional organ ARC approach.
One could envision a time where EVOP would be
used as a platform for assessment, repair, and modification of all organs. However, the logistic and financial
feasibility of such an approach would likely only allow
this technology to be employed when the organs are of
marginal quality, of extended donor criteria, or when the
best tissue match is in a geographically distinct area.
Each specific organ type has a unique function and as
such has a unique set of metabolic demands and metrics
for assessing viability. With this approach, organs would
optimally be assessed and evaluated in a regional ARC
(Figure 1). Organs of all types (heart, lung, liver, kidney,
intestine and pancreas) that are in geographic proximity to the ARC would be procured and prepared with
standard cold static storage. The organs would be transported to the ARC. At the ARC a thorough evaluation of
the donor organ takes place, with appropriate repair or
regenerative measures employed based on the deficits in
function encountered. If the donor organs are deemed to
be suitable (or can be made suitable) for transplantation,
the organs would then be allocated in a national or international fashion to the most suitable recipient (Figure 2).
This more broad, detailed, and individualized matching is
only possible with the extended preservation (total ischemic time) that EVOP allows. This ability to match more
thoroughly and to repair or resuscitate marginal donor
organs would potentially improve graft survival and longterm outcomes.
The impact on organ transplant waitlists will be
enormous. Even modest increases in organ availability
will markedly increase the total number of transplants
performed. For example, in lung transplantation in the
United States alone, increasing the overall conversion
rate from 17%[7] to 32% (an absolute increase of only
15% more organs transplanted) would practically double

Figure 1 A conceptualized Organ assessment and repair centers would
receive donated organs (traditional and marginal donor quality) and assess their function. During the assessment, the quality, viability, and
function of the evaluated organ would be determined. There may be subspecialization of assessment and repair center with local expertise in one
or two organ types. ARC: Assessment and repair center.

the suitability for transplantation assessed[4,5]. Simple cold
storage and hypothermic machine preservation, while appreciably lowering the metabolic rate and increasing preservation times do not allow for optimal assessment of an
individual organ. Most of the determinations regarding
an organ’s function are made pre-procurement and while
hypothermia decreases the metabolic rate of the donor
organ to 5%-10% of normal, significant anaerobic metabolism continues to take place. Prolonged preservation
and marginal donor organ quality can lead to significant
delayed graft function or graft non-function in the recipient[3]. At present, there is a multi-institutional clinical
trial in the United States to assess the safety and efficacy
of ex vivo ung perfusion (EVLP) in clinical transplantation. What’s more, EVLP is used clinically in Canada[4],
Australia, and Europe. Ex vivo liver perfusion likewise is
in a clinical trial in Europe to assess the feasibility of this
approach. A beneficial side effect of EVOP is that organ
ischemic times and thus distance between center, donor,
and recipient, can be significantly extended.
The potential of ex vivo technology was recently illustrated by the work of Wigfield et al[6] where a marginal
lung donor organ was transported from a donor center
internationally to the organ repair center at the University of Toronto Lung Transplant Program and then back
internationally to the recipient center[6]. This process extended the ischemic time to 15 h and 20 min. In essence,
this is the index case for conceptualizing and operational-
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the number of transplants performed and eliminates the
waiting list. EVLP will have significant impacts by saving
the lives of recipients on the waiting list, extending the
opportunity for a life-saving and life-extending transplant
to patients who currently are not ill enough, and reduce
the mortality in transplant recipients.
As the science and technique of organ perfusion and
preservation progress, we have the expectation that in
the very near future EVOP and regional organ ARCs will
serve as the platform for organ repair and modification[8].
Ex vivo perfusion technology has already been used to repair injured livers and lungs prior to transplantation[4-6,8,9].
In livers, bile duct injury can be mitigated[9] and steatotic
livers are able to be de-fatted and thus improve overall
organ quality and function[9]. In the lung, edema may be
removed, infection cleared, and gas exchange improved[4].
By any measure, organ transplantation is one of the
success stories of modern medicine. We will look back
on EVOP and the development of regional organ ARCs
as a similar milestone where the multidisciplinary approach to a complex problem has allowed innovation to
propel our science to new frontiers in the treating endstage organ disease.

2
3
4

5
6

7
8

9
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Robin K Avery, Steven D Mawhorter, Kyle D Brizendine, Eric D Cober, Cyndee Miranda, Rabin K Shrestha,
Lucileia Teixeira, Sherif B Mossad
ing increased attention on the process of improving
the selection of an appropriate donor that balances the
shortage of needed allografts with an approach that
mitigates the risk of donor-transmitted infection to the
recipient. Important advances focused on improving
donor screening diagnostics, using previously excluded
high-risk donors, and individualizing the selection of
allografts to recipients based on their prior infection
history are serving to increase the donor pool and improve outcomes after transplant. This article serves to
review the relevant literature surrounding this topic and
to provide a suggested approach to the selection of an
appropriate solid organ transplant donor.
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Core tip: The literature surrounding preventing donortransmitted infections in solid organ transplant recipients has increased greatly in the last decade. Increased
emphasis has been placed on improved diagnostics for
screening of deceased donors. Importance has been
placed on using donors who were previously thought to
be high risk for transmitting infections to recipients and
mitigating the risk to such recipients in an effort to increase the donor pool. Initiating the discussion around
using human immunodeficiency virus (HIV) infected donors for HIV infected recipients has important implications for addressing the problem of allograft shortages.

Abstract
Selection of the appropriate donor is essential to a
successful allograft recipient outcome for solid organ transplantation. Multiple infectious diseases have
been transmitted from the donor to the recipient via
transplantation. Donor-transmitted infections cause
increased morbidity and mortality to the recipient. In
recent years, a series of high-profile transmissions of
infections have occurred in organ recipients prompt-
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transplant has taken place. New technologies and donor
screening strategies using nucleic acid amplification testing (NAAT) may help provide important information
earlier, but developing approaches on how best to utilize
these tests has been controversial[1,18,19].
Multiple pathogens have been shown to have the potential to be transmitted by SOT[20,21]. DTIs are estimated
to occur in 0.2%-1.7% of all transplant procedures, with
varying morbidity and mortality[22,23]. Bacterial, mycobacterial, viral, fungal, and parasitic pathogens all need to be
contemplated by the transplant physician when called for
opinion regarding donor suitability. This article serves
to summarize the current literature about commonly
encountered DTI and to offer an approach for decisions
regarding donor suitability (Table 2).

full/v4/i2/43.htm DOI: http://dx.doi.org/10.5500/wjt.v4.i2.43

INTRODUCTION
Selection of the appropriate donor is the cornerstone of
achieving a positive outcome after solid organ transplantation (SOT). This selection requires screening potential
donors for infectious diseases that can be transmitted
to the allograft recipient[1]. Screening for transmissible
infections allows timely disqualification of a donor if
the risk of developing illness in the recipient is deemed
prohibitive. Screening also allows risk reduction by identifying and actively treating infection in the donor prior
to procurement or preemptively treating the recipient following transplantation. Selecting the suitable donor is of
paramount importance to reducing the risk of infectious
morbidity and mortality from donor-transmitted infections (DTI).
It has become necessary to consider donors who may
have active infection, high-risk infectious serologic profile, or high-risk behavior for human immunodeficiency
virus (HIV), hepatitis C virus (HCV), or hepatitis B virus
(HBV) infection at the time of donation due to an inadequate supply of needed allografts[2]. As more patients
rely on organ transplantation to manage end-stage disease
processes, the available donor pool will only shrink further. Important, evidence-based, decisions regarding risk
stratification and risk vs benefit analyses are needed in
order to increase the donor pool. The risk of death while
on the waiting list for many organs needs to be cautiously
weighed with the risk for mortality after transplant when
considering using expanded donor criteria in order to
first do no harm to the recipient (Table 1)[3-8].
A number of incidents of DTI have brought this topic to the forefront of attention, as renewed evaluations
of the donor screening process have been undertaken.
Recent cases of rabies, lymphocytic choriomeningitis virus (LCM), West Nile virus (WNV), HIV, and HCV have
all been confirmed as donor transmitted[9-13]. In 2005, the
Disease Transmission Advisory Committee (DTAC) was
created to aid the Organ Procurement and Transplantation Network/United Network for Organ Sharing in
identifying and reviewing potential DTI. This committee
has served an essential role in systematizing the collection and evaluation of nationwide information about
suspected DTI. This includes: a thorough review of each
case by an expert appointed by the committee, facilitation of communication between centers, and tabulating
information to a growing database that provides critical
information about donor derived risks[14-16]. Extensive
deceased donor testing is often not feasible given the
time constraints in which such screening must be carried
out. Concerns exist regarding sensitivity of tests used for
pathogens such as HIV and HCV, which may be negative
prior to antibody production[17]. Infections that are reliant on microbiologic methods to diagnose, such as donor
blood and urine cultures, may not be resulted until after
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BACTERIAL INFECTIONS
Transplantation of allografts taken from donors with underlying sepsis syndrome of unknown etiology is not recommended. Bacterial DTIs have been linked to increased
morbidity and mortality as well as allograft loss[24-26]. As
previously mentioned, however, underlying bacteremia in
the donor may not be recognized until after transplantation has occurred. In one study, 60% of bacteremic donors were afebrile during the 24-h period prior to organ
procurement[27]. The outcome of allograft donation from
a bacteremic donor depends on the type of bacteria causing infection, previous antimicrobial therapy in the donor
prior to organ procurement, and timely recognition of
donor bacteremia so therapy can be instituted in the recipient[28,29].
An estimated 5% of organ donors have unrecognized
bacteremia at the time of donation[27,30]. Some studies
have shown that use of organs from bacteremic donors,
especially when the organism is community acquired
and not highly resistant to antimicrobials, is not associated with higher incidence of allograft dysfunction[27,30,31].
Thirty-day graft and patient survival for recipients of
organs from bacteremic donors were not significantly
different than those who received organs from nonbacteremic donors[30]. Recipients included in these series
had been given broad-spectrum antibiotics during the
perioperative period and were given tailored antibiotic
therapy once donor bacteremia was identified. This suggests that allografts from bacteremic donors are suitable
for transplantation if the donor is on appropriate antibiotic therapy for ≥ 24 h and if tailored antibiotic therapy
can be initiated in the recipient in a timely manner. Recipients should be treated for a minimum of 7 d, depending on the posttransplant course and perhaps longer if
the pathogen has the potential to disrupt an anastomosis
or seed an endovascular source. In the event a donor is
being treated for endocarditis, the recipient should receive organism-specific antimicrobial therapy for at least
2 wk, and if the organism is Staphylococcus aureus, 6 wk of
therapy is appropriate[32]. If donor cultures are repeatedly positive for pathogenic bacteria or yeast, then additional consent from the recipient and/or family should
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Table 1 Mortality figures by type of transplant for 2010
according to the Scientific Registry of Transplant Recipients
1
2011 Annual Report
Organ
2
tansplanted
Kidney
Liver
Intestine
Heart
Lung

Table 2 Approach to selecting suitable donors for solid organ
transplantation

1 yr posttransplant mortality
Waiting list mortality
3
incidence density (deaths incidence density (deaths per
1000 patient-years)
per 1000 patient-years)
56.5
115.6
71.6
115.8
154.1

34.9
123.7
193.5
91.8
164.2

Diagnostic tools

Treatment
considerations

Bacteremia

Blood cultures
Antibiogram

Treat donor 24 h
Tailored recipient
therapy in
posttransplant period
Tailored donor and
recipient therapy

Resistant bacteria

Blood cultures
Sterile site cultures
Antibiogram
Meningoencephalitis
CSF analysis
CSF culture and stain
Cryptococcus antigen
NAAT
Syphilis
Treponemal testing
Nontreponemal testing
Viral hepatitis
Serologic evaluation
NAAT

1

The data and analyses reported in the 2011 Annual Data Report of the
United States Organ Procurement and Transplantation Network and
the Scientific Registry of Transplant Recipients have been supplied by
UNOS and the Minneapolis Medical Research Foundation under contract
with HHS/HRSA. The authors alone are responsible for reporting and
interpreting these data; the views expressed herein are those of the authors
and not necessarily those of the United States Government; 2Data reported
in table is for deceased donor only; 3Incidence is reported as deaths per
1000 patient years at risk.

Influenza

be obtained. Surveillance blood cultures of the recipient
after transplant are prudent in this situation. Most studies
evaluating donor bacteremia excluded donors with sepsis.
This may have biased the data by selectively removing
pathogens more likely to contribute significantly to posttransplant morbidity and mortality.
An emerging concern is the transmission of multidrug resistant (MDR) bacteria. Management strategies
for dealing with these donor-transmitted resistant infections, including methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant Enterococcus (VRE) species, and MDR gram-negative bacteria are not well established[33]. Resistant gram-positive bacteria are frequently
encountered in the donor prior to organ procurement.
Although less virulent gram-positive bacteria, such as
coagulase-negative staphylococci are seemingly less likely
to be transmitted from bacteremic donors and are less
associated with poorer outcome after transplant, other
more virulent gram-positive organisms such as VRE and
MRSA do remain a source of concern regarding donor
suitability[28]. MRSA colonization of an individual has
been shown to increase their risk for infection[34]. Risk
factors for MRSA infection and colonization include
prolonged hospitalization, exposure to broad-spectrum
antibiotics, intensive care unit (ICU) admission, and the
presence of a central venous catheter, all of which are
often present in deceased organ donors[35]. MRSA colonization in a donor should not prevent acceptance of the
allograft; however, perioperative antibiotics should be
adjusted to account for the potential increase in recipient
infection risk. Mortality from deep-seated MRSA infection associated with bacteremia after transplant has been
in excess of 80%[29]. Allografts from donors with deepseated MRSA infections should only be accepted if the
donor has been on appropriate antibiotic therapy for ≥
48 h. If the potential allograft is the site of infection,
the organ should be rejected. Vancomycin-intermediate
Staphylococcus aureus and vancomycin-resistant Staphylococ-
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Infections

HTLV 1/2

Candida infection

Cryptococcosis

Endemic fungi

Schistosomiasis

Strongyloidiasis
Chagas disease

Tailored therapy if
meningitis only

Treat recipients as late
latent syphilis
Prophylaxis
Tailored therapy
HBIG
Antivirals
Influenza testing
Neuraminidase
Respiratory virus PCR
inhibitor
Routine screening not No effective treatment,
recommended
surveillance for
recipients of positive
donors
Blood cultures
Antifungal treatment of
Sterile site cultures
donor
Treat colonization in
Antibiogram
certain settings
CSF cryptococcal
Antifungal treatment of
antigen
donors prior to donation
Serum cryptococcal
antigen
Urine antigen testing Antifungal treatment of
Serologic evaluation donors prior to donation
Sterile site culture
Histologic evaluation
Stool examination
Treat living donor
Serologic evaluation
successfully prior to
Rectal biopsy
donation
Serologic evaluation
Treat recipients from
Stool examination
positive donors
Enzyme immunoassay
Treat recipient for
Radioimmune
positive surveillance
precipitation assay
testing

HTLV: Human T-lymphotropic virus; NAAT: Nucleic acid amplification testing; PCR: Polymerase chain reaction; HBIG: Hepatitis B immunoglobulin.

cus aureus infections in the transplant population have not
yet been reported[36]. Donor infection with these isolates
should exclude them from donation. VRE is another
common pathogen, specifically in the setting of transplantation of an intra-abdominal organ. Risk factors for
VRE are similar to MRSA, and general guidelines for donor suitability pertaining to MRSA should be applied to
reduce recipient risk for VRE infection[37].
Impact of infection with MDR gram-negative bacteria
in transplant recipients is of special concern. Literature
suggests that survival in transplant recipients with such
infections is decreased[38]. These infections are problematic given limited antimicrobial options, need for potentially
more toxic antimicrobials, more potential drug interactions, and fewer drugs in the developmental pipeline[33].
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Transplant patients are especially vulnerable to infections
with these organisms given end-stage disease processes,
extensive healthcare contact before and after transplant,
and the need for immunosuppression after transplant to
maintain graft function. The most common MDR gramnegative infections encountered in the transplant population are carbapenem-resistant Enterobacteriaceae (CRE),
carbapenem-resistant Acinetobacter baumannii (CRAB),
and Pseudomonas species resistant to at least two different
classes of antimicrobials (MDR). Donors with long-term
stay in ICU, vasopressor requirement, and prolonged
hospitalization are at increased risk for colonization and
infection with MDR organisms that can be transmitted
to the recipient, even in the absence of overt signs of
infection in the donor[39-43]. Studies have shown that using
an allograft from a donor with a deep-seated infection
from MDR organisms can result in transmission to the
recipient even when pathogen directed therapy is used in
the recipient[39]. Horizontal transmission within a transplant unit can occur with devastating results. High rates
of 30-d mortality have been reported when transplant
recipients develop infection with carbapenem-resistant
Klebsiella pneumoniae, with infection being a predictor of
time-to-death [44,45]. The critical information involves
whether the infection is sensitive to a carbapenem. If a
donor is colonized with a MDR gram-negative organism
that remains sensitive to a carbapenem, he may remain
a candidate for donation. A donor with a deep-seated
infection involving an organ not being transplanted can
be considered only if treated with appropriate antibiotics
for ≥ 48 h. Additional consent should be obtained from
the recipient and/or family and a plan made to treat the
recipient for ≥ 2 wk depending on the clinical course.
As a general rule, donor bacteremia with CRE, CRAB,
or MDR Pseudomonas infection should eliminate that
donor from consideration. Infections stemming from
MDR gram-negative organisms no longer susceptible to
carbapenems should preclude donation. If a clear case
of asymptomatic colonization with a MDR organism is
identified in the donor, the allograft may be acceptable,
unless noted in the urine or rectal swab of a planned
kidney transplant or small bowel transplant, respectively.
DTI with these organisms remains an area for study and
optimal management strategies for MDR organisms are
still to be defined.
Bacterial meningitis and syphilis may be present in a
potential organ donor and, as such, may be transmitted
to the allograft recipient. The disparity between available
allografts and those awaiting transplantation has grown,
such that, these two conditions are no longer deemed
absolute contraindications for organ donation. Multiple cases of donor-transmitted syphilis have been reported[46-48]. The estimated prevalence of syphilis among
potential organ donors based on the incidence in the
general population is 0.15%[49]. Transmission of syphilis is a rare event, but if a donor tests positive for this
organism additional consent from the recipient and/or
family should be obtained. Most experts agree that if the
organ is accepted the recipient should be treated with a
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regimen for late latent syphilis consisting of benzathine
penicillin 2.4 million units intramuscularly every week for
a total of 3 wk[1]. Syphilis IgG of the recipient should be
assessed at time of transplant and at 1, 3, 6, and 12 mo.
Patients with documented bacterial meningitis are also no
longer considered to be excluded from organ donation,
provided that pathogen-directed treatment has been initiated. Several instances of successful allograft procurement have been reported in the literature from donors
with microbiologically proven bacterial meningitis[50-54].
Guidelines now recommend accepting an organ if the
etiology of the meningitis is Streptococcus pneumoniae, Neisseria meningitidis, Haemophilus influenzae, Escherichia coli, or
group B streptococcus. Meningitis must be confirmed as
the sole site of infection in the donor and acceptance of
donor allografts infected with highly virulent organisms
such as Listeria species should be rejected. Ideally, the
donor should be receiving appropriate therapy for 48 h
prior to procurement with signs of clinical improvement.
Additional consent from the recipient and/or family
should be obtained and pathogen-directed therapy of the
recipient should be continued for at least 2 wk[1].
Cultures of organ procurement fluid (OPF) have
been studied as a potential source of DTI. OPF cultures
are commonly positive for the growth of bacteria, with
low-virulence bacteria such as coagulase-negative staphylococcus and Corynebacterium[55-60]. Studies are variable
on whether positive OPF cultures portend an increased
risk for posttransplant infection. Cultures of the OPF
are rarely available to make donor suitability decisions,
but should not prevent organ donation. The exception
to this is OPF cultures growing Candida, which may be
an important risk factor for graft-transmitted candidiasis[61-64]. The optimal strategy for managing recipients of
allografts with positive OPF cultures is not known, but
brief tailored treatment of the recipient for growth of
virulent organisms is likely indicated[60].

TUBERCULOSIS
Almost 10000 cases of Mycobacterium tuberculosis (TB) infection were reported in the Unites States in 2012. The
majority of these cases were in patients who were not
born in the United States, but have emigrated from highly
endemic areas, highlighting the need for close attention
to donor demographics and travel history. It is estimated
that rates of tuberculosis in patients from highly endemic
areas are 20-74 times the general population with the
prevalence of posttransplant tuberculosis approaching
12%[65,66]. Management of tuberculosis in transplant recipients is challenging on many fronts. Diagnosis can be
difficult because disease presentation can be atypical, despite ongoing active disease, sputum smears can be negative with low mycobacterial burden, and tuberculin skin
testing (TST) and interferon gamma release assays (IGRA)
may be falsely negative in the setting of immunosuppression end-stage disease processes[65,67-69]. Treatment is also
difficult with concerns for drug toxicity, interactions with
immunosuppressive medications, and potential develop-
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Table 3 Suggested approach to donor-transmitted Mycobacterium tuberculosis
Deceased donors
1
TB Risk
Low
Low
Low
Elevated
Elevated
Elevated
Elevated
Prior active TB
Prior active TB
Prior active TB
Prior active TB
Active TB
Living donors
Low
LTBI
Active TB
Elevated

2

Suggestive
radiology
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

3

Donor testing

No
No
No
Yes

4

Donor treated

Accept allograft

Negative
Negative
Pending
Negative
Negative
Pending
Positive
Negative
Pending
Positive
Positive
Positive

N/A
No/Yes
No/Yes
No/Yes
No/Yes
No/Yes
No/Yes
Yes
Yes
No/Yes
No
No/Yes

Negative
Positive
Positive
Negative

N/A
Yes
No
No/Yes

5

Yes
Yes
No
Yes
Yes
No
No
Yes
Yes
No
No
No

Additional
consent
None
Yes
N/A
Yes
Yes
N/A
N/A
Yes
Yes
N/A
N/A
N/A

Recipient
treatment
None
Chemoprophylaxis
N/A
Chemoprophylaxis
Chemoprophylaxis
N/A
N/A
Chemoprophylaxis
Chemoprophylaxis
N/A
N/A
N/A

Additional
recipient testing
None
None
N/A
None
None
N/A
N/A
None
None
N/A
N/A
N/A

Yes
No
No
Yes

No
Yes
N/A
Yes

None
None
N/A
Chemoprophylaxis

None
None
N/A
None

1

Based on history and physical examination; 2Apical fibrosis and/or pleural thickening on chest radiograph or computerized tomography scan; 3Sputum
acid fast bacilli (AFB) smear and culture; molecular testing on smear-positive sputum; 4Must be documented treatment with appropriate anti-TB therapy;
5
Refers to accepted regimen for treatment of latent tuberculosis infection (LTBI). TB: Tuberculosis; N/A: Not applicable.

ment of drug-resistant tuberculosis. Mycobacterium tuberculosis infection after transplant is associated with 20%-30%
mortality rate[67,70].
Most cases of posttransplant tuberculosis are caused
by reactivation of latent infection in the recipient following immunosuppressive therapy[71]. Mycobacterium tuberculosis can also be transmitted directly from the allograft to
organ recipient[15,72,73]. This fact highlights the necessity
of a thoughtful approach to the potential organ donor to
limit the risk of a potentially catastrophic posttransplant
infectious complication. Table 3 highlights one approach
to evaluating the risk of donor-transmitted tuberculosis.
There is no firm evidence from randomized clinical trials to make strong recommendations, and each center
should factor in the incidence and prevalence of latent
TB infection (LTBI) and active TB within their population. Assessment of the donor begins with identifying
country of birth, a thorough historical evaluation with
emphasis on epidemiological and associated diseaserelated TB risk factors, prior positive TST/IGRA, review
of prior radiographic imaging, and in the case of prior
active disease, documentation of completed appropriate
anti-tuberculosis treatment. Risk factors for TB in the
donor include substance abuse, malnutrition, HIV infection, and close household contact with TB smear-positive
individuals[74-77]. Special attention should be paid to donors who have resided in homeless shelters, prisons, or
highly endemic areas outside of the United States[78-81]. In
donors with low TB risk accompanied by negative radiology, the allograft can be accepted without the need for
chemoprophylaxis or additional informed consent on the
part of the recipient. Donors, who have had active TB,
particularly in the preceding 2 years, have higher relapse
potential and increased risk of harboring drug-resistant
TB isolates, which, may lead to increased risk of donor-
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transmitted TB. This should be considered when monitoring and treating recipients of allografts from such
donors[69,82].

VIRAL INFECTIONS
Viral infections are a common cause of morbidity and
mortality after SOT. Infections that are potentially donor
derived include HIV, HCV, HBV, human T-lymphotropic
virus (HTLV- 1 and 2), etiologic agents of viral encephalitis, such WNV, LCM and rabies virus, and viral respiratory pathogens. Cytomegalovirus (CMV) and EpsteinBarr virus (EBV) are commonly donor-transmitted but
mainly affect outcomes after the initiation of posttransplant immunosuppression and thus are not addressed in
this review. Criteria have been established by the CDC
which, when present, may increase the risk of donor
transmission of HIV, HBV, and HCV (Table 4)[28]. In the
past, many centers have often rejected allografts from
such high risk donors. However, availability of improved
NAAT testing and closer surveillance monitoring of
transplant recipients from CDC-defined high risk donors
have allowed these transplants to be undertaken. Aiming
to match the allograft to the most appropriate recipient
to mitigate the overall risk by improved selection and
monitoring has been an overall successful strategy. In
such scenarios, additional consent and recipient screening
at regular intervals during the first year after transplant
should be performed[83].
Viral hepatitis is commonly encountered in both donors and recipients of SOT. HBV infects approximately
400 million people worldwide, with prevalence varying by
geographic region[84,85]. As mentioned previously, the everenlarging pool of patients awaiting lifesaving transplants
has necessitated relaxation of exclusion criteria used to
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Table 4 Factors associated with increased risk for human immunodeficiency virus, hepatitis B virus, hepatitis C virus infection and
potential donor transmission
People who have had sex with person known or suspected to have HIV, HBV, or HCV in the preceding 12 mo
MSM in the preceding 12 mo
Women who have had sex with a man with a history of MSM in the preceding 12 mo
People who have had sex in exchange for money or drugs in the preceding 12 mo
People who have had sex with a person who has had sex in exchange for money or drugs in the preceding 12 mo
People who have had sex with a person who has injected drugs for nonmedical reasons in the preceding 12 mo
A child who is ≤ 18 mo of age and born to a mother known to be infected with, or at risk for HIV, HBV or HCV infection
A child who has been breastfed within the preceding 12 mo and the mother is known to be infected with, or at risk for HIV, HBV or HCV infection
People who have injected drugs for nonmedical reasons in the preceding 12 mo
People who have been in lockup, jail, prison or a juvenile correctional facility for ≥ 72 consecutive hours in the preceding 12 h
People who have been newly diagnosed with, or have been treated for, syphilis, gonorrhea, Chlamydia or genital ulcers in the preceding 12 mo
People who have been on hemodialysis in the preceding 12 mo (HCV only)
HIV: Human immunodeficiency virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; MSM: Men who have sex with men.

select suitable organ donors. This has led to the usage of
allografts taken from donors who have previously had
HBV infection (anti-HB core antibody positive donors).
The development of de novo hepatitis B infection in
recipients of allografts from anti-HBc positive donors
has been noted since 1992, but after initially excluding
these donors, it has been found that allografts from these
donors can be safely used[86-89]. Careful selection of the
donor is essential when considering recipients coinfected
with HBV and HDV as recurrence of disease is common
in this setting and specific posttransplant treatments may
need to be implemented to optimize outcomes[90]. HCV
is a cause of chronic hepatitis in 3-4 million people in the
United States and is the leading indication for liver transplantation[91]. As both HBV and HCV can be transmitted
via organ donation, a thorough approach is needed for
successful management of the recipient, and an emphasis
on aggressive immunization and risk mitigation of transplant candidates prior to transplant should be pursued.
Decisions regarding donor suitability depend on
whether living-related partial liver donation is planned
and disease status of the donor and recipient at the time
of allograft procurement. More stringent, evidence-based
guidelines regarding the use of anti-HBc antibody donors
are forthcoming, but currently it is felt that allografts
from HBV infected donors should preferentially be given
to recipients who are hepatitis B surface antigen positive,
core antibody positive, or surface antibody positive[92]. In
both hepatic and non-hepatic donors, an allograft from a
donor with acute hepatitis B infection should not be accepted, regardless of the serologic status of the recipient.
Hepatitis B surface antigen positive donors can donate
to HB surface antigen positive recipients, but hepatitis
B immunoglobulin (HBIG) and antiviral therapy should
be given with advanced planning. Donors who are antiHBc antibody positive and HBsAg negative are acceptable, but additional consent should be obtained from the
recipient prior to transplant[65,93-95]. Antiviral treatment
should be given at the time of transplant to recipients of
liver allografts from donors with prior evidence of HBV
infection. HBIG should be administered to liver allograft
recipients who lack surface antibody to HBV[96-102]. Non-
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immune non-hepatic allograft recipients should also receive antiviral prophylaxis if the donor is anti-HBc positive and HBV DNA is detected. HCV infected donors
should be precluded from donating an allograft to a HCV
naïve recipient[103]. HCV infected hepatic and non-hepatic
allografts can be donated to HCV infected recipients with
the caveat that donors with HCV genotype 1 infection
should preferentially be used for recipients with HCV
genotype 1 infection if that donor information is known
prior to donation[92,104-108].
Influenza and other respiratory viruses are another
potential cause of DTI. Influenza, respiratory syncytial
virus (RSV), parainfluenza virus, human metapneumovirus (hMPV), adenovirus, and coronavirus are usually selflimited illnesses in healthy adults but have the potential
for significant morbidity and mortality in the SOT population. These viruses cause a wide range of disease, and
transplant recipients often have atypical presentations
and more severe symptoms[109]. The burden of illness
of these viruses follows a seasonal pattern, mainly occurring during the fall and winter months[110]. DTI with
these respiratory viruses can increase the risk of secondary bacterial or fungal pneumonia in the recipient, lead
to a prolonged period of viral shedding, and potentially
contribute to increased risk of allograft rejection in lung
transplant recipients[109,111-114]. DTI of respiratory viruses
is further complicated by limited treatment options. Influenza and adenovirus have both been reported as DTI
with devastating consequences[115-117]. As such, high index
of suspicion is needed when evaluating a donor, especially during the peak seasons of respiratory viral infections
within the community. During peak seasonal epidemic
activity or in the setting of an ongoing pandemic, donors
and recipients should be screened for clinical symptoms
of an influenza-like illness. Lung and intestinal potential
donors who have been diagnosed with influenza within
the previous two weeks should be disqualified from
donation. Other types of allografts can be accepted if
additional consent is obtained, the donor has received
anti- influenza treatment, and the recipient is given neuraminidase inhibitor chemoprophylaxis after transplant.
Donors of any allograft with influenza diagnosed greater
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than 2 wk prior to donation, who are adequately treated
and no longer symptomatic can be utilized. Oseltamivir
resistant influenza diagnosed in any donor should preclude his/her use as a donor[118]. Lung allografts from
donors infected with other respiratory viruses should be
rejected with the exception of resolved RSV infection
with no residual symptoms. Non-lung allografts infected
with respiratory viruses other than influenza can be accepted. If lower respiratory tract sampling shows viral
respiratory infection other than influenza or radiograph
show an infiltrate and that lung allograft is accepted for
use in a dire situation, oral ribavirin can be considered as
chemoprophylaxis for the recipient[109]. All allografts from
donors with adenovirus infection should be rejected as
adenovirus infections in the recipient tend to recur in the
transplanted organ[117,119].
Additional viral infections that are potentially donor
transmitted include HTLV-1/2 and the etiologic agents of
viral encephalitis. Although no longer required as a screening test in deceased donors, concerns remain regarding
donor-transmission of HTLV-1/2[120,121]. Rapid progression from infection to disease has been noted in transplant
recipients, with the development of myelopathic spastic
paraparesis and adult T-cell leukemia/lymphoma[122]. Donors who test positive for these viruses should be precluded
from allograft donation unless required for an emergent
life-threatening situation. If allograft is accepted, additional
consent should be obtained, and the recipient should have
virus-specific serology and polymerase chain reaction (PCR)
testing at the time of transplant and 1, 3, and 12 mo[123].
Allografts from patients with suspected viral encephalitis should not be accepted given the risk of transmission
of WNV, rabies, LCM and herpes simplex virus infections[124-126]. This recommendation may also extend to cerebrospinal fluid pleocytosis where bacterial meningitis has
not been proven by either culture or antigen testing indicating a specific bacterial pathogen as the cause of infection.

infections, despite treatment of both donor and recipient[127]. Renal allografts from donors with candiduria
and lung allografts from donors with bronchial cultures
positive for Candida species can be used with appropriate
treatment. Recipients of lung allograft from a donor with
documented Candida colonization of the airways have
been shown to benefit from universal prophylaxis with an
echinocandin for the prevention of early posttransplant
infections; including empyema[127,129]. Treatment of renal
allograft recipients from donors with candiduria should
consist of a tailored antifungal agent for urinary tract
involvement. Urinary levels of fluconazole exceed minimum inhibitory concentration values for most Candida
species and can be used in most cases. Therapy should
be continued for up to 6 wk depending on whether there
is vascular involvement of the urinary tract[62,127,130]. After lung transplant, treatment should be continued until
bronchoscopic evaluation confirms the integrity of the
bronchial anastomosis[127].
Cryptococcosis can occur in up to 5% of SOT recipients[131]. Most infections after transplant represent reactivation of recipient latent infection, but DTIs do occur in
a subset of patients[132,133]. The potential for cryptococcal
DTI should be considered when a donor presents with
undiagnosed neurological illness, unrecognized meningoencephalitis, or pulmonary nodules in the setting of risk
factors for cryptococcosis, such as prior hematologic malignancy, steroid treatment, sarcoidosis, or other cell-mediated immune dysfunction[134]. Cerebrospinal fluid cryptococcal antigen and serum cryptococcal antigen should
be obtained from donors who meet these clinical risk
factors. Donors with active cryptococcal disease should
be excluded from donation. Recovery of Cryptococcus in
the recipient should not be treated as contamination or
colonization, but should prompt initiation of therapeutic
antifungal treatment[135].
Endemic fungal infection should be considered as a
potential DTI when donors reside in endemic areas or
travel frequently to areas with high incidence of histoplasmosis, blastomycosis, or coccidioidomycosis. These
areas include the Ohio and Mississippi river valleys, the
Great Lakes region, and Southwestern United States,
respectively. Since histoplasmosis occurs in only 0.5%
of SOT recipients residing in endemic regions, routine
laboratory screening of all donors is not warranted[136].
Donors should be evaluated for a prior history or signs
and symptoms compatible with active histoplasmosis.
If current concerns or prior history exist, an assessment
consisting of agar gel immunodiffusion, complement
fixation antibody titers, and urine Histoplasma antigen
should be undertaken. The presence of antigenuria, H
precipitin bands, or complement fixation antibody titers
≥ 1:32 should lead to rejection of the donor allograft.
Coccidioidomycosis is a dimorphic fungus that is endemic in the Southwestern United States, Mexico, Central
and South America. Approximately 150000 infections
occur annually in the US, with an estimated 1.4%-6.9%
of transplant recipients becoming infected[137]. Reactivation of latent infection is the most common mode of

FUNGAL INFECTIONS
Fungal infections often affect the critically ill potential
organ donor and, as such, have the potential to be donortransmitted. Recipient DTIs with Candida species, cryptococcosis, endemic fungal infections, aspergillosis, and
non-Aspergillus mold infections have all been documented
and, when they occur, are important causes of recipient
morbidity and mortality[127].
Outcomes of fungal DTI depend on the type of fungal infection identified, the specific allograft donated, and
antifungal susceptibilities of recovered isolates. Infections
associated with Candida species may occur in the setting
of positive preservation fluid cultures, possibly due to
contamination at the time of organ procurement[61,63,128].
Bowel perforation in the donor is another common
source of Candida contamination of the allograft[61]. In
general, patients with untreated invasive fungal infections
should not be used as organ donors. Aspergillus and other
invasive mold infections result in significant morbidity
and mortality from graft site abscesses and anastomotic
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posttransplant infection, but multiple cases of DTI have
been documented in patients from both endemic and
non-endemic areas[138,139]. Patients with active coccidioidomycosis should not be permitted to donate an organ
for transplantation. In donors with prior history of coccidioidomycosis, an evaluation should be undertaken
to document clearance of infection; including history
documenting the resolution of symptoms, resolution of
radiographic abnormalities, and at least a 4-fold decrease
in antibody titer[140]. Fluconazole or itraconazole can be
used for the prevention of DTI in the event that a recipient receives an organ from a donor who in retrospect had
evidence of remote infection[141]. Lifelong prophylaxis is
indicated following treatment doses for at least one year.
Fluconazole at an average daily dose of 200-400 mg can
be used depending on whether prophylaxis is primary or
secondary[137].

tion as a result of iatrogenic immunosuppression. Transmission rates from seropositive donors to seronegative
recipients are approximately 20% for kidney transplant
recipients and 30% for liver transplant recipients. Screening for Chagas disease should be performed on donors
who were born or spent significant time living in an endemic country[148]. Donors who have a history of treated
Chagas disease should also be screened using the Ortho
enzyme immunoassay test (Ortho-Clinical Diagnostics,
Inc.; Raritan, New Jersey) and the Abbot Prism Chagas
test (Abbott Laboratories; Abbott Park, Illinois). If the
initial screening of a living donor is positive, a second
confirmatory test should be sent to the CDC; using the
radioimmune precipitation assay. Deceased donor testing
should also be performed but this information may not
be available at the time of transplantation[149]. No allograft
should be accepted from a donor who died from acute
Chagas disease. When a donor has positive serology for
Chagas disease or has a history of treated Chagas disease,
organs other than the heart or intestine may be suitable
for transplantation with additional consent and posttransplant screening of the recipient. Testing should include
T. cruzi PCR and microscopy of blood peripheral smears
at predetermined time intervals, or in the event of fever,
and when rejection is present. Treatment is only indicated
if surveillance testing of the recipient is consistent with
T. cruzi infection. Heart or intestinal transplantation from
a donor with a positive history or serology for T. cruzi is
thought to represent too high of a potential risk for DTI
to be acceptable[146,150-152].

PARASITIC INFECTIONS
With increase in international travel and immigration, potential organ donors have greater risk for parasitic infections not endemic to the United States. Transmission of
Chagas disease, schistosomiasis, and Strongyloides has been
reported[142-144].
The optimal screening procedure for schistosomiasis
in donors from endemic areas has not yet been established. Screening of living donors from endemic areas
with fecal parasitological analysis paired with blood Schistosoma antibody detection assay is a reasonable starting
point. This can be followed with a stepwise approach including rectal biopsy, liver biopsy, or both depending on
the results of the initial screening tests. If stool analysis
shows Schistosoma eggs, liver biopsy should be performed
regardless of the result of Schistosoma serology. In the
situation where Schistosoma eggs are not detected in the
stools but the donor is noted to be seropositive for Schistosoma, further investigation with a rectal biopsy is indicated. If rectal biopsy demonstrates Schistosoma eggs, all
allografts from this donor should be rejected. If eggs are
found on initial screening, living donor treatment with
praziquantel should be initiated followed by repeat testing
of stools for Schistosoma eggs. Only if repeat stool testing
is negative, should the patient be accepted to donate[145].
Screening of both donors and recipients for strongyloidiasis in the pretransplant period is recommended
for those at epidemiologic risk and should include both
serology and stool studies[146]. A donor with documented
strongyloidiasis should not be precluded from donation,
but additional consent from the recipient should be obtained. Recipients of organs from such donor should be
prophylactically treated with ivermectin.
Chagas disease is an infection caused by the parasite
Trypanosoma cruzi. It is endemic to Mexico, Central, and
South America but has the potential to cause DTI in the
setting of transplantation from a donor from an endemic
region to a recipient in a non-endemic country[147]. Most
posttransplant infections occurring in recipients from
endemic regions occur due to reactivation of latent infec-
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CONCLUSION
The demand for allografts for the treatment of endstage disease processes continues to grow. The need for
a thoughtful and thorough approach to donor selection
has never been more important in balancing unnecessarily discarding potentially lifesaving organs with reducing
infectious complications for the recipient after transplant.
Decisions regarding donor acceptability should be made
in conjunction with a clinician who has special training and experience in dealing with infections related to
transplantation. Donor history and physical examination
should be meticulous with an emphasis on documenting
current or latent infections that can be transmitted to the
recipient. Screening using molecular and microbiological testing should be attempted, as time permits, prior to
organ procurement in order to allow for rejection of an
unacceptable allograft, or to allow for monitoring and
treatment in the recipient. As the need for organs continues to rise, special attention will be focused on ways to
expand the donor pool.
Multiple HIV-infected patients die each year awaiting
organs that could be provided from living or deceased
HIV-infected donors. Approximately 500 HIV positive
deceased donors are not currently being utilized to donate organs to HIV-positive recipients[153]. Improvements
in antiretroviral therapy and report of successful kidney
transplantation from a donor with HIV infection in
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South Africa make this an interesting, albeit complicated,
area for future evaluation and research. A key advancement has recently occurred with the passage of the HIV
Organ Policy Equity Act (HOPE Act) on 11/21/2013.
Improved development of NAAT in conjunction
with defined and validated algorithms of application
may allow for faster and more accurate testing of donor
specimens enabling previously excluded donors to be
accepted for donation. Focused efforts to reassess the
risk of using high-risk donors should be undertaken, and
methods for decreasing recipient risk of DTI are imperative. Finally, it is important to continue to build on the
substantial contributions to quality and safety made by
the DTAC in recent years. Providers should be strongly
encouraged to report any possible donor-transmitted
event in real time. Critical infrastructure is now in place
to investigate potential DTI, to take appropriate action in
the treatment of potential recipients at risk, and to analyze indispensable data in the pursuit of evidence-based
decision making essential to improving outcomes in this
unique patient population.
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REVIEW

Calcineurin inhibitor sparing strategies in renal
transplantation, part one: Late sparing strategies
Andrew Scott Mathis, Gwen Egloff, Hoytin Lee Ghin
data based on patient characteristics (i.e. , the baseline immunosuppressive regimen) as a means to aid
the practicing clinician in caring for their patients, by
matching up their situation with the relevant literature.
The current review, the first in a series of two, examines the potential of immunosuppressive agents to facilitate late CNI withdrawal beyond 6 mo post-transplant,
and has demonstrated that the strongest evidence resides with MMF/MPS. MMF or MPS can be successfully
introduced/maintained to facilitate late CNI withdrawal
and improve renal function in the setting of graft deterioration, albeit with an increased risk of acute rejection
and infection. Additional benefits may include improved
blood pressure, lipid profile and serum glucose. Sirolimus has less data directly comparing CNI withdrawal to
an active CNI-containing regimen, but modest improvement in short-term renal function is possible, with an
increased risk of proteinuria, especially in the setting
of baseline renal dysfunction and/or proteinuria. Renal
outcomes may be improved when sirolimus is used in
combination with MMF. Although data with everolimus
is less robust, results appear similar to those observed
with sirolimus.
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Abstract
Kidney transplantation improves quality of life and reduces the risk of mortality. A majority of the success of
kidney transplantation is attributable to the calcineurin
inhibitors (CNIs), cyclosporine and tacrolimus, and their
ability to reduce acute rejection rates. However, longterm graft survival rates have not improved over time,
and although controversial, evidence does suggest a
role of chronic CNI toxicity in this failure to improve
outcomes. Consequently, there is interest in reducing or
removing CNIs from immunosuppressive regimens in an
attempt to improve outcomes. Several strategies exist
to spare calcineurin inhibitors, including use of agents
such as mycophenolate mofetil (MMF), mycophenolate
sodium (MPS), sirolimus, everolimus or belatacept to
facilitate late calcineurin inhibitor withdrawal, beyond
6 mo post-transplant; or using these agents to plan
early withdrawal within 6 mo; or to avoid the CNIs all
together using CNI-free regimens. Although numerous
reviews have been written on this topic, practice varies
significantly between centers. This review organizes the
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Core tip: Mycophenolic acid derivatives have been used
successfully to facilitate late calcineurin inhibitor withdrawal to improve short-term renal function in kidney
transplantation. The benefit carries an increased risk of
acute cellular rejection. Sirolimus and everolimus are
also options, but have comparatively less evidence and
carry and increased risk of proteinuria, which is dependent on baseline renal function.
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designed study, Nankivell et al[26] demonstrated the natural
history of chronic allograft nephropathy in 120 type 1
diabetics who underwent kidney-pancreas transplant followed by routine biopsies over a 10-year period. The initial phase (year 1) in the development of chronic allograft
nephropathy was characterized by early tubulointerstitial
damage from ischemic injury, prior severe rejection, and
subclinical rejection, where these findings were present
in 94.2% of patients. Beyond year 1, chronic allograft
nephropathy was characterized by microvascular and glomerular injury and chronic rejection, defined as subclinical rejection for two or more years, and was uncommon
(5.8%). Progressive high-grade arteriolar hyalinosis with
luminal narrowing, increasing glomerulosclerosis, and
tubulointerstitial damage were linked to the calcineurin
inhibitors, and were irreversible. Despite dose reductions
of both cyclosporine and tacrolimus, calcineurin inhibitor
nephrotoxicity was nearly universal by 10 years, and was
found to be the chief cause of late injury and renal function decline[26].
The data from Nankivell et al[26] suggested that chronic allograft nephropathy was primarily a function of calcineurin inhibitor nephrotoxicity. This has been interpreted
with controversy, but the data surrounding the definition
and pathophysiology of chronic allograft nephropathy
have always been controversial, due to varied definitions
utilized in both practice and research[27,28]. In addition,
many believe that calcineurin inhibitor nephrotoxicity is a non-specific finding[7,22]. Still, the evidence from
Nankivell et al[26] is the among the most robust long-term
evidence available on calcineurin inhibitors. It should also
be mentioned that objective assessment is superior to
clinical assessment, to determine the presence of chronic
allograft nephropathy and calcineurin inhibitor nephrotoxicity, because clinicians underestimate the chronic renal toxicity[29,30]. Despite underestimation, clinicians have
many ways of dealing with perceived medication toxicity.
Commonly, when adverse effects are noted, adjustments
are made in the regimen of the individual patient[31]. This
may result in unintended consequences, such as acute rejection and graft loss[32-34].
Collectively, protocols have been developed to assess
the conversion between calcineurin inhibitors, or to select a preferable one, in order to avoid certain toxicities,
or promote renal function improvements or short-term
graft survival[9-14,35]. However, in a paired kidney analysis
from a database with 5-year follow-up, no difference
could be determined between cyclosporine and tacrolimus with respect to allograft survival, despite superior
renal function in the tacrolimus group[36]. These results
were similar in a prospective study with mean 2.8 years
follow-up, and supported a 5-year histologic study that
determined similar development of moderate to severe
arteriolar hyalinosis with cyclosporine or tacrolimus[37,38].
When patients are switched between the two calcineurin
inhibitors, or one is used in preference to the other, the
basic tenet that calcineurin inhibitors are the primary
contributors to graft decline is ignored[30]. In addition, the
graft decline appears to occur primarily between 5 and 10

strategies in renal transplantation, part one: Late sparing strategies. World J Transplant 2014; 4(2): 57-80 Available from: URL:
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INTRODUCTION
Compared with hemodialysis, kidney transplantation
improves quality of life and reduces of mortality risk[1-3].
The survival benefit of kidney transplantation over hemodialysis applies even to the use of marginal donor
kidneys[4]. Much of this success has been attributed to
calcineurin inhibitors, cyclosporine and tacrolimus, and
their ability to reduce acute rejection rates. However,
despite dramatic reductions in acute rejection rates over
time, long-term graft survival rates have not improved
to an appreciable extent[5,6]. A number of factors have
been postulated that contribute to the lack of improvement in graft survival, including donor factors, recipient
factors, human leukocyte antigen matching, death with a
functioning allograft, delayed graft function, calcineurin
inhibitor toxicity, chronic allograft nephropathy, and infectious nephropathy (BK virus)[6].
Calcineurin inhibitor nephrotoxicity was recognized
early after the use of cyclosporine began, and it comes
in many forms[7]. Calcineurin inhibitors cause acute and
chronic nephrotoxicity. The acute forms include arteriolopathy, tubular vacuolization and thrombotic microangiopathy. Chronic forms of nephrotoxicity include
interstitial fibrosis and tubular atrophy, medial arteriolar
hyalinosis, glomerular capsular fibrosis, global glomerulosclerosis, focal segmental glomerulosclerosis, juxtaglomerular apparatus hyperplasia, and tubular microcalcifications, many of which can be caused by other factors
and tend to be nonspecific findings on post-transplant biopsy[7]. Because of the known contribution of calcineurin
inhibitors to nephrotoxicity, there has been much interest
in finding the optimal agent and/or regimen[8-14]. While
many studies demonstrated improved renal function with
reduced dose calcineurin inhibitor use, or an early benefit
on renal function with tacrolimus use when compared to
cyclosporine, improvements in long-term graft function
were not demonstrated[9-14]. Additionally, there are numerous differences in the adverse event profile of cyclosporine and tacrolimus. Many outside factors differentiate
the calcineurin inhibitors and influence their contribution
to nephrotoxicity, including therapeutic drug monitoring
strategy, dosing strategy, drug-drug interaction, pharmacogenetics, and non-adherence[15-20]. These medicationrelated variables make nephrotoxicity and decline in allograft function very difficult to predict in practice. The
lack of surveillance biopsies also makes differentiation
of outcomes related to calcineurin inhibitor use and nonmedication related factors difficult in practice[21-25].
A long-term biopsy study helped determine the
true consequence of calcineurin inhibitors on chronic
allograft nephropathy and graft failure[26]. In a well-
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years post transplant[26]. It must also be emphasized that
switching agents off-protocol in an uncontrolled way may
have harmful effects, and is inconsistent with evidencebased practice[32].
In recent years, various schools of thought have
emerged with the introduction of newer agents and experience gained through research. The main strategies are
based on personalization, corticosteroid minimization,
and calcineurin inhibitor sparing[39,40]. It is too soon for
personalized medicine, although the foundation has been
laid[17-19,39]. Steroid avoidance strategies have been generally disappointing. They focus on minimizing adverse effects, and usually require calcineurin inhibitor persistence
for successful outcome[40-47]. Calcineurin inhibitor sparing
strategies also aim to reduce adverse effects, but also seek
to improve graft survival[43-66]. Understanding the different
treatment options may lead to improvement in long-term
care.
Although the calcineurin inhibitor sparing strategies have been extensively reviewed, we aim to provide
a unique approach to the issue. Since many transplant
centers have set protocols for their specific populations,
and clinical trial results or experiences of other centers
may not be generalizable, we aim to review the literature
according to general age groups (adult and pediatric)
and therapeutic approaches (de novo, early or late) based
on the specific baseline regimens used. We will analyze
calcineurin inhibitor withdrawal and avoidance, and only
touch on minimization when directly compared since
exposure appears to lead to chronic toxicity and followup was usually inadequate to determine the true consequence on chronic allograft nephropathy[26,54].
Due to the expanse of the issue, we will divide the
topic into two manuscripts. The first, herein, will cover
late calcineurin inhibitor withdrawal, beyond 6 mo posttransplant, and the second will cover early withdrawal
and de novo avoidance. We will focus primarily on renal
function and graft survival as the main outcomes of
interest, and make recommendations based on the available evidence for each clinical subgroup since data on
predicting or monitoring the outcome of changes in immunsuppression are still lacking[67-78]. The intent of the
article is to aid the practicing clinician in identifying studies relevant to their practice to assist in clinical decision
making. The clinician may have to refer the cited articles
to find more specific information, such as the countries
where the analysis was performed, ethnic breakdown of
the population, transplant characteristics, etc.

neurin inhibitor withdrawal or reduction within the first
6 mo (≤ 6 mo) after the kidney transplant, is generally
done to prevent anticipated calcineurin inhibitor toxicity or in response to early evidence of diminished renal
function. Calcineurin inhibitor avoidance or calcineurin
inhibitor-free regimens are typically a proactive strategy
in response to the concerns about the potential toxicity
of the calcineurin inhibitors and their failure to promote
long-term graft survival, despite dramatic reduction in
the risk of acute cellular rejection. Early and de novo are
the focus of a second manuscript in this series.
Our search strategy involved PubMed database for all
years until August 2013 for articles involving kidney or
renal transplantation with the search terms calcineurin inhibitor “reduction”, “withdrawal”, “elimination”, “avoidance”, “minimization”, “sparing” and “free”. References
of identified articles were reviewed to identify additional
articles of interest. Articles were separated according to
the post-transplant time period when the intervention
took place, according to the three categories (avoidance,
early, and late), and then arranged according to population and baseline regimen. Based on the assumption that
most long-term calcineurin inhibitor nephrotoxicity is irreversible and progressive, and minimization articles were
only included if they directly compared with avoidance or
withdrawal/elimination regimens. The remainder of the
article will summarize the available evidence by patient
type, intervention and baseline regimen.

ADULT PATIENTS AT VARIABLE TIME
POST-TRANSPLANT
Regimens utilizing older agents to eliminate calcineurin
inhibitors
Baseline calcineurin inhibitor and corticosteroid with
or without azathioprine: A meta-analysis by Kasiske et al[79]
evaluated early studies of calcineurin inhibitor withdrawal in patients on a baseline regimen of azathioprine,
cyclosporine and corticosteroid, and compared calcineurin inhibitor withdrawal with continuation (part 1),
and calcineurin inhibitor withdrawal with patients who
never received calcineurin inhibition (part 2)[79]. In part 1
of the meta-analysis, 17 studies were included, with 9 of
them including patients withdrawn during the first 6 mo
after the transplant. The mean duration of follow-up of
the studies was 26.6 ± 7.5 mo. It should be noted that
the meta-analysis included mixed populations, containing patients withdrawn due to toxicity of cyclosporine
(3 studies), patients with stable renal function and/or
without recent rejection (10 studies), recipients of living
donor kidneys (6 studies), and patients with first transplant (4 studies). In part 1, there was a higher rate of
acute rejection episodes per patient in the cyclosporine
withdrawal group (0.126; 95%CI: 0.085-0.167; P < 0.001),
but no difference in graft loss per patient per year (-0.009;
95%CI: -0.022-0.004, P = 0.19) or deaths per patient per
year (-0.005; 95%CI: -0.016-0.006, P = 0.4). The authors
noted a trend toward higher serum creatinine in the con-

STRATEGIES
Three basic strategies are available for calcineurin-sparing, “Avoidance”, and “Early” and “Late” reduction or
withdrawal. Late, defined as calcineurin inhibitor reduction withdrawal or elimination beyond 6 mo (> 6 mo)
after the kidney transplant, is a strategy that has been
frequently used when patients are faced with diminishing
renal function, possibly related to established toxicity, and
is the focus of this manuscript. Early, defined as calci-
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trol group who continued cyclosporine relative to those
who discontinued the agent (1.84 ± 0.29 mg/dL vs 1.63
± 0.28 mg/dL; P = 0.17). In part 2 of the meta-analysis,
consisting of 6 studies, 3 included stable patients, none
involved withdrawal due to toxicity, 3 studies included
living donor kidneys, and 2 studies included only the first
allograft, and 5 were performed in the first 6 mo after
the transplant. The mean duration of follow-up was 28.8
± 11.6 mo. When the six studies were analyzed together,
the rate of graft loss per patient per years was similar
(-0.02; 95%CI: -0.022-0.003, P = 0.08), but when only the
3 randomized trials were considered, graft survival was
better among those withdrawn from cyclosporine (0.0382;
95%CI: 0.0002-0.0762, P = 0.049). The deaths per patient per year were similar (0.001; 95%CI: -0.006-0.008,
P = 0.87) and the serum creatinine was non significantly
higher in the group who never received calcineurin inhibitors (1.71 ± 0.36 vs 1.50 ± 0.18 mg/dL; P = 0.2). The
authors noted that none of the outcomes were affected
by the timing (before or after 6 mo) or method (slow or
rapid taper) of cyclosporine withdrawal[79].
This meta-analysis demonstrated that cyclosporine
withdrawal resulted in an early increase in the risk of
acute cellular rejection, but similar graft function, graft
survival and patient survival at about 2-year follow-up to
patients retained on cyclosporine or who never received
cyclosporine[79]. Despite promising results, azathioprine as
an antiproliferative has been largely replaced in practice
with newer agents that are considered more potent immunosuppressants. Another study evaluated withdrawal
of cyclosporine using azathioprine versus mycophenolate mofetil in patients 1 year post-transplant. The
primary endpoint was development of donor-specific
antibodies (DSAs), measured by complement-dependent
cytotoxicity assay, enzyme-linked immunosorbent assay
(ELISA) and flow-cytometry crossmatch with donor
spleen cells. DSAs, by three methods were not detected
during cyclosporine treatment or during acute rejection
treatment while on cyclosporine, but after conversion to
azathioprine, 3 of 8 (37.5%) had DSAs in the presence
of acute rejection, while none (0 of 6) of the mycophenolate mofetil patients had DSAs during rejection. These
results highlight the potential benefits of mycophenolic
acid over azathioprine, which have been described previously[80-82].

proven CAN and deteriorating renal function. MMF was
introduced at 500 mg per day and increased to a target
dose of 2000 mg per day over 4 wk. The mean daily dose
of MMF was 1700 mg at the end of the trial. Half the
patients were randomized to withdrawal (tapered to off
over 4 wk) and half to cyclosporine continuation. At 6
mo, serum creatinine increased slightly in both groups,
but to a numerically greater extent on the control group
who remained on cyclosporine. Though blood pressure
improved from baseline in the intervention group, but
not in the control group, there was no significant effect
on brachial artery endothelial-dependent vasodilation.
Acute rejection was not reported[83]. Another study performed by the same investigators also evaluated patients
with biopsy-proven CAN, serum creatinine less than 4
mg/dL, and deteriorating renal function. That study introduced MMF more aggressively, at 1 g/d, and titrated
to 2 g/d over 3 wk, and then patients were randomized
to withdrawal or continuation of the calcineurin inhibitor. In patients randomized to withdrawal, the calcineurin
inhibitor was reduced by 33% every 2 wk. The primary
endpoint of slope of reciprocal serum creatinine per
month at week 35 was positive and higher (0.00585 ±
0.01122) in the dual therapy group than the triple therapy
group (-0.00728 ± 0.01105). Additional findings were the
degree of proteinuria (P = 0.01), diastolic blood pressure (P = 0.04) and mean arterial pressure (P = 0.04),
which were lower in the dual therapy group at follow-up.
No episodes of acute rejection were reported[84]. These
results provide modest evidence that late withdrawal
of calcineurin inhibitor with replacement by MMF may
improve renal function, or at least reduce the rate of deterioration of renal function, and improve blood pressure
relative to calcineurin inhibitor continuation.
Baseline calcineurin inhibitor, corticosteroid and
azathioprine: A prospective, single-center randomized
trial randomized patients on cyclosporine, azathioprine
and corticosteroid, with biopsy-proven CAN and deteriorating renal function to MMF or tacrolimus. In patients
randomized to cyclosporine, it was discontinued 24 h
before tacrolimus was initiated. In patients randomized
to MMF, MMF was introduced at 500 mg twice daily and
then titrated up over 2-4 wk to 2 g/d. After 6 wk, cyclosporine was incrementally reduced to achieve withdrawal
by 14 wk. Azathioprine was discontinued at conversion.
At 6-mo, measured glomerular filtration rate (GFR) and
serum creatinine were not improved in the tacrolimus
group, but in the MMF group, GFR (P < 0.001) and serum creatinine (P < 0.001) were improved. In contrast,
total cholesterol and triglycerides improved from baseline in the tacrolimus group, but not in the MMF group,
and systolic and diastolic blood pressure improved in
the MMF group, but not the tacrolimus. There were no
reported rejection episodes[85]. Another study evaluated
consecutive patients converted from cyclosporine, azathioprine and corticosteroid to MMF plus corticosteroid
for CAN. Azathioprine was immediately stopped and
MMF was introduced over 1 wk, with target dose of

ADULT PATIENTS 6 OR MORE MONTHS
POST-TRANSPLANT
Regimens utilizing mycophenolic acid to eliminate
calcineurin inhibitors
Baseline calcineurin inhibitor and corticosteroid: At
least two studies[83,84] evaluated patients withdrawn late
from a calcineurin inhibitor with a baseline regimen of
calcineurin inhibitor and corticosteroid (Table 1)[83-93].
One study was designed to prospectively evaluate arterial
distensibility and endothelial function before and after
removal of cyclosporine in a population with biopsy-
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Table 1 renal transplant studies utilizing mycophenolic acid to withdraw calcineurin inhibitor beyond 6 mo post-transplant
[83-93]
(“Late”)
Ref.
Kosch et al[83]

Suwelack et al[84]

McGrath et al[85]

Design

Population
(n )

Prospective,
randomized,
single-center

6-mo of
deteriorating
renal
function, BPCAN

Prospective,
randomized,
single-center

Prospective,
randomized,
single-center

Baseline
Regimen

n

Dudley et al[87]

> 1-yr post
CsA or TAC, 18
transplant,
Prednisolone
SCr < 4 mg/
dL, BP-CAN,
deteriorating
renal function
20

> 1-yr post
CsA,
15
transplant,
azathioprine,
BP-CAN,
prednisolone
deteriorating
renal function

Retrospective,
> 1-yr post
CsA or TAC, 30
consecutive
transplant,
azathioprine,
patients, singleCAN
prednisolone
center
Randomized,
> 6-mo post
CsA
73
open,
transplant, monotherapy,
multicenter
deteriorating
or CsA/
renal
corticosteroid,
function, no
or CsA/
recent ACR azathioprine/
corticosteroids

CsA
70
monotherapy,
or CsA/
corticosteroid,
or CsA/
azathioprine/
corticosteroids
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Follow- Renal function
up

CsA,
12 MMF added, target 2 g 6 mo
Prednisolone
per day; CsA withdrawn
over 4 wk
12 MMF added, target 2 g;
CsA continued

15

Hanvesakul et al[86]

Strategy

SCr + 0.03 mg/
dL vs baseline
(P = NS)
SCr + 0.07 mg/
dL vs baseline
(P = NS)
MMF added, target 2 g; 35 wk
Slope 1/SCr
CsA withdrawn over 6
0.00585 ±
wk
0.01122; 67%
responders;
Proteinuria 0.5 ±
0.55 g/24 h
MMF added, target 2 g;
Slope 1/SCr
CsA continued
-0.00728 ±
0.01105
(P = 0.0018);
25% responders
(P = 0.021);
Proteinuria
1.5 ± 0.48 g/24 h
(P = 0.01)
MMF added, target 2 g; 6 mo SCr - 58 μmol/L
CsA withdrawn by 14
vs baseline (P <
wk
0.001); isotope
GFR + 8.5 mL/
min vs baseline
(P < 0.01)
CsA switch to TAC
SCr + 15 μmol/
L vs baseline (P
= NS); isotope
GFR -2.1 mL/
min vs baseline
(P = NS)
MMF added, target 1.5-2 1 yr
eGFR +
g; azathioprine stopped;
2 mL/min vs
CNI withdrawn over 4
baseline
wk
MMF added, target
1 yr
Response rate
2 g; azathioprine
(6 mo): 58%
discontinued, if
stabilized or
applicable; CsA
reduced SCr;
withdrawn over 6 wk,
Response rate (1
if needed corticosteroid
yr): 48%; Least
added
squares mean
SCr -24.9 μmol/
L; Least squares
mean CrCL +5
mL/min
Continued regimen
Response rate
(6 mo): 32%
stabilized or
reduced SCr
(P = 0.006);
Response rate
(1 yr): 35%
(P = 0.1885);
Least squares
mean SCr +22.2
μmol/L
(P < 0.01); Least
squares mean
CrCL
-0.7 mL/min
(P < 0.01)
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Acute
Graft Patient
rejection survival survival
NA

NA

NA

NA

NA

NA

0%

100%

NA

0%

85%

NA

0%

NA

NA

0%

NA

NA

3.30%

86.70% 96.70%

0%

93.20% 95.90%

0%

94.3%

100%
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Weir et al[88]

Prospective,
nonrandomized,
single-center

Weir et al[89]

Continuation of
above trial

Abramowicz et al[90]

Randomized,
controlled,
multicenter

Mean 853.3
CsA or TAC, 18 Azathioprine stopped;
d post
prednisone,
MMF added, target 2 g;
transplant, azathioprine or
CNI withdrawn
BP-CAN,
MMF
deteriorating
renal
function, no
ACR

100%

NA

CsA,
67
prednisone,
azathioprine or
MMF
TAC,
33
prednisone,
azathioprine or
MMF
13
64
28
No recent
CsA,
85
ACR, ≤ 1
prednisone, ±
ACR overall, azathioprine or
12 to 30
MMF
mo posttransplant,
stable renal
function

100%

NA

100%

NA

92.3%
62.5%
67.8%
100%

100%
92.2%
100%
NA

85

Abramowicz et al[91]

Continuation of
above trial

74
77

Heeg et al[92]

Retrospective

BP-CNI
CsA or TAC, 17
toxicity,
Prednisolone, ±
deteriorating MMF or MPS
renal
function,
mean 11.2
mo posttransplant

Mourer et al[93]

Prospective,
randomized,
single-center

No recent
ACR, ≤ 2
ACR overall,
at least 12
mo posttransplant,
stable renal
function

CsA or TAC,
Prednisone,
MMF

79
79

Mean Response rate:
NCR
651 d 91.7% improved
or lack of
deterioration in
renal function
using least
squares method
slope 1/SCr
(P = 0.038)
CsA dose reduced
Response rate:
NCR
approximately 50%;
51.7% improved
azathioprine withdrawn;
or lack of
MMF added, target 2 g
deterioration
TAC dose reduced
59.3% improved NCR
approximately 50%;
or lack of
azathioprine withdrawn;
deterioration
MMF added, target 2 g
CNI withdrawn
76 mo 2.7 ± 0.2 mg/dL
7.7%
CsA dose reduced
54 mo 3 ± 0.1 mg/dL
4.7%
TAC dose reduced
42 mo 3 ± 0.2 mg/dL
7.1%
MMF added over 3
12 mo CrCL improved 10.6%
mo, target 2 g; CsA
10% in 46%;
withdrawn over 3 mo
SCr -1 μmol/L;
CrCL + 4.5
mL/min vs
control group (P
= 0.16), eGFR +
2.3 mL/min vs
control group
(P = 0.24)
MMF added over 3 mo,
SCr + 4 μmol/L 2.4% (P =
target 2 g; continued
0.03)
triple therapy
CsA withdrawn
60 mo CrCL 67.4 mL/
10%
min
Triple therapy
CrCL 61.7 mL/ 1% (P =
min (P = 0.05)
0.028)
MPS added; CNI
48 mo All vs Baseline.
NA
withdrawn; MMF
SCr at 6 mo -0.5
withdrawn
mg/dL
(P < 0.05); eGFR
at 6 mo + 11
mL/min; SCr at
36 mo -0.5 mg/
dL (P = 0.063);
eGFR at 36 mo
+11 mL/min P
= 0.022); SCr at
48 mo + 0.6 mg/
dL (P = 0.27);
eGFR at 48 mo
+1 mL/min
(P = 0.91)
CNI withdrawn, MMF 36 mo eGFR 59.5 ± 2.1
5.1%
concentration controlled
mL/min
MMF withdrawn, CNI
eGFR 51.1 ± 2.1
2.5%
concentration controlled
mL/min
(P = 0.006)

100%

88%

93%

92%

95%

NA

NA

98.7%

94.9%

98.7%

92.4%

ACR: Acute cellular rejection; BP-CAN: Biopsy-proven chronic allograft nephropathy; CAN: Chronic allograft nephropathy; CNI: Calcineurin inhibitor;
CsA: Cyclosporine; eGFR: Estimated glomerular filtration rate; GFR: Glomerular filtration rate; MMF: Mycophenolate mofetil; MPS: Mycophenolate
sodium; NA: not assessed/applicable; NCR: Not clearly reported by group; NS: Not significant; SCr: Serum creatinine; TAC: Tacrolimus.

1500 to 2000 mg per day. Calcineurin inhibitor was withdrawn over 4 wk by 25% reduction. Estimated GFR improved from the time of conversion to 1-year follow-up

WJT|www.wjgnet.com

by 2 mL/min, but the authors cautioned that there was a
dramatic increase in the risk of infection in the patients
converted to MMF[86].

62

June 24, 2014|Volume 4|Issue 2|

Mathis AS et al . Late calcineurin inhibitor sparing: Kidney transplantation

Baseline calcineurin inhibitor monotherapy, calcineurin inhibitor with corticosteroid, calcineurin inhibitor
with azathioprine, or calcineurin inhibitor, corticosteroid and azathioprine: The “Creeping Creatinine”
study[87] evaluated patients on various calcineurin inhibitor-based regimen who did not receive MMF at baseline.
In the open, randomized, multicentered trial, patients had
a negative slope of reciprocal serum creatinine, baseline
serum creatinine of 100 to 400 μmol/L and a calculated
creatinine clearance of at least 20 mL/min. A biopsy had
to show absence of transplant glomerulopathy, recurrent
renal disease, de novo renal disease, obstruction, renal
artery stenosis, acute rejection, or acute rejection within
3 mo. Patients were randomized to MMF or maintenance
of cyclosporine according to normal practice. Those randomized to MMF had the drug introduced incrementally
over 4 wk to a target dose of 2 g/d, and corticosteroids
were introduced if not previously used. Cyclosporine
was reduced in three steps over 6 wk to off. Patients randomized to maintain cyclosporine were continued as per
usual practice with a permitted reduction of cyclosporine
to a trough not less than 80 ng/mL. Baseline biopsies
documented CAN in 78% of the MMF group and 77%
of the cyclosporine group. A responder, defined as an
improvement in the slope of 1/SCr with no change in
the randomized treatment and no graft loss occurred in
58% of the MMF group and 32% of the control group (P
= 0.006) at 6 mo and 48% of the MMF group and 35%
of the control group (P = 0.1185) at 1 year. At 12-mo
the least squares mean (LSM) creatinine clearance was
+5 mL/min in the MMF group and -0.7 mL/min in the
cyclosporine group (P < 0.01). LSM serum creatinine
and serum cholesterol were lower in the MMF group at
follow-up, and platelet count was higher, but triglycerides,
hemoglobin, white blood cell count, systolic blood pressure and diastolic blood pressure were not significantly
different. There were no acute rejection episodes in either
group. The incidence of diarrhea, abdominal pain and
opportunistic infections were numerically higher in the
MMF group[87].

glucose (P < 0.05) and total cholesterol (P < 0.05), but
not systolic or diastolic blood pressure. It should be
noted that patients selected for CNI withdrawal had a
lower incidence of acute rejection prior to the intervention, but the nadir serum creatinine was similar in all
three groups[88]. A continuation of the trial, out to 76 mo
demonstrated that about one third of the CNI reduction patients and only 7.7% of the withdrawal group
lost their graft during follow-up (P = 0.05). The serum
creatinine at follow-up was 2.7 mg/dL in the withdrawal
group and 3 mg/dL in the CNI reduction groups [89].
A randomized, controlled, multicenter trial also evaluated patients on cyclosporine and corticosteroid, with or
without azathioprine or MMF. Patients were selected if
they had a first or second cadaveric or living transplant,
were between 12-30 mo post-transplant and maintained
on a cyclosporine-based regimen. Patients had to have
had no more than one acute rejection episode, with none
in the last 3 mo, and a SCr less than 300 μmol/L for at
least 3 mo. All patients had MMF introduced to a target
of 2 g/d over 3 mo. Patients randomized to cyclosporine
withdrawal had it tapered over 3 mo (n = 85) and those
randomized to remain on cyclosporine (n = 85), continued on triple-drug therapy. Creatinine clearance improved
by 10% in 46% of the withdrawal group, and the creatinine clearance difference was 4.5 mL/min higher in the
withdrawal group 9 mo after randomization (P = 0.16).
Serum creatinine improved by decreasing 1 μmol/L in
the withdrawal group, and increased 4 μmol/L in the
continuation group, creating a net effect of 5 μmol/L
in favor of the withdrawal group (P = 0.34). Withdrawal
improved the total (P = 0.02) and low density lipoprotein
(LDL) cholesterol (P = 0.015), but blood pressure did not
differ significantly. Acute rejection (10.6% vs 2.4%; P =
0.03) and diarrhea were more common in the withdrawal
group[90]. A five-year follow-up publication demonstrated
a creatinine clearance of 67.4 mL/min in the withdrawal
group and 61.7 mL/min (P = 0.05) in the continuation
group, but graft loss due to chronic rejection occurred
in 12% of the withdrawal group and 8% of the continuation group, due to a respective acute rejection rate of
10% and 1% (P = 0.028)[91].

Baseline calcineurin inhibitor and corticosteroid
with or without azathioprine or MMF: A study evaluated patients on calcineurin inhibitor and corticosteroid,
with or without azathioprine or MMF, in a prospective
non-randomized, single-centered fashion where decision
to reduce or withdrawal CNI was arbitrary[88]. Patients
with deteriorating renal function and CAN on biopsy
were started on MMF (target 2 g/d) if it was not previously given, and azathioprine was stopped. Patients were
analyzed in three groups, those who had CNI withdrawn
(n = 18), those with a 50% reduction in cyclosporine
after MMF introduction (n = 67), and those with 50%
reduction in tacrolimus after MMF was introduced (n =
33). At mean 651 d follow-up, 91.7% of the withdrawal
group, 51.7% of the reduced dose cyclosporine group,
and 59.3% of the reduced dose tacrolimus group had
improved or lack of deterioration in the LS 1/SCr (P
= 0.038). The withdrawal group also had lower serum
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Baseline calcineurin inhibitor with or without corticosteroid and with or without MMF or mycophenolate sodium: One retrospective study analyzed 17 patients approximately 11 years post-transplant for 4 years
before and after conversion to mycophenolate sodium
(MPS) for biopsy-proven CNI toxicity (n = 7) or clinical
deterioration of GFR and exclusion for other reasons
for graft dysfunction. Patients on CNI and corticosteroid
were converted to MPS and prednisolone, patients on
CNI monotherapy were converted to MPS alone, and
patients on triple therapy were converted to MPS with
prednisolone. At conversion, GFR was 43 ± 15 mL/min.
After conversion, graft function, as determined by GFR,
improved within one month, and peaked at 55.7 ± 21.7
mL/min at one year (P = 0.00362), but then declined to
near-baseline (44 ± 27 mL/min; P = 0.91) by four years,
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of sirolimus as shown in Table 2[102-118]. As shown, the
patients who had sirolimus added demonstrated a statistically significant increase in proteinuria when CNI was
withdrawn, but not when CNI was reduced. The postconversion increase in proteinuria was greater, when the
baseline proteinuria value was higher. In addition, when
analyzed overall (both withdrawal and continuation combined based on baseline proteinuria) the group with negative baseline proteinuria had a mean 10.4 mL/min (P =
0.05) improvement in CrCL over about 2 years, while the
group with baseline proteinuria 0.3-0.8 g/d had a mean 7
mL/min (P = NS) improvement in CrCL, and the group
with baseline proteinuria > 0.8 g/d had a 5.5mL/min
(P = 0.05) decline in CrCL. Taken together these results
suggested that use of sirolimus to facilitate CNI withdrawal beyond 1 year had the potential for an adverse
impact on renal function that was dependent on the baseline level of proteinuria. Another retrospective study[103]
examined 30 patients with unspecified baseline regimen
and with about 2 years of follow-up based on indication
for switching from CNI to sirolimus, as shown in Table
2. They concluded that sirolimus was associated with an
improvement in CrCL and an increase in proteinuria, but
that the benefits were achieved only when the conversion
occurred within the first year after the transplant[103].

indicating a slowing of progression. However, the overall
slope of the regression line for GFR did not change significantly (P = 0.116). Three patients discontinued MPS
due to infection (n = 2) and lost to follow-up (n = 1)[92].
A randomized trial compared CNI withdrawal (n = 79)
with MMF withdrawal (n = 79) in patients who were on
CNI/MMF/corticosteroid triple therapy. This trial used
concentration controlled area-under-the-curve (AUC)
monitoring for the CNIs (3250 ng/mL per hour for
cyclosporine, 120 ng/mL per hour for tacrolimus) and
MMF (75 μg/mL per hour). Estimated GFR was significantly better in the CNI withdrawal group at 6 wk (63.1
± 1.9 mL/min vs 55.2 ± 1.9 mL/min; P = 0.004), 1-year
(61.1 ± 1.8 mL/min vs 52.9 ± 1.8 mL/min; P = 0.002),
and 3-year (59.5 ± 2.1 mL/min vs 51.1 ± 2.1 mL/min; P
= 0.006). By 6 mo, 1.3% of the MMF withdrawal group
and 3.8% of the CNI withdrawal group had biopsy-proven acute rejection. None were high immunologic risk.
Three year graft survival did not differ. Blood pressure,
lipid values, proteinuria and infections did not differ between the groups. Anemia was more frequent in the CNI
withdrawal group[93].
Summary of MMF and mycophenolic acid studies: These studies suggest that MMF or MPS can be
introduced or maintained to facilitate late (beyond 6-mo
post-transplant) CNI withdrawal after kidney transplantation in the setting of graft deterioration and BP-CAN.
Withdrawal of CNI using MMF or MPS appears to improve serum creatinine and creatinine clearance/GFR
in a majority of patients, without an increased risk of
proteinuria. The studies also demonstrate a potential for
this strategy to improve blood pressure, lipid profile and
serum glucose[94]. Benefits of mycophenolic acid derivatives may be offset by in increased risk of acute rejection
and infection, so patients should be carefully selected. It
appears that concentration-controlling the administration may limit the occurrence of these adverse events
and possibly explain differences in adverse effects, such
as diarrhea[93,95-97]. Taken individually, these studies were
too small and too limited in follow-up to determine an
improvement in graft survival, but a meta-analysis did
demonstrate a trend toward improvement in graft survival (OR = 0.72, 95%CI: 0.52-1.01, P = 0.06) with CNI
withdrawal using MMF in a mixed population that was
not limited to late withdrawal[98]. Generally speaking, our
findings are in line with other recent reviews and metaanalyses, and support a potential role of late CNI elimination with mycophenolic acid derivatives[98-101].

Baseline corticosteroid and either azathioprine or calcineurin inhibitor: A cohort study evaluated 19 patients
who had sirolimus added and CNI withdrawn by 3 mo for
progressive CAN. At 6-mo follow-up, 36% demonstrated
improvement in renal function, 21% exhibited stabilization,
and 43% resulted in continued worsening. Patients who
demonstrated improvement in renal function had lower
baseline SCr (2.6 ± 0.9 mg/dL vs 3.3 ± 0.7 mg/dL)[104].
Baseline calcineurin inhibitor and corticosteroid
with or without mycophenolate mofetil: A retrospective study[105] of patients more than 1 year post-transplant
with CAN examined 32 patients for 8.5 mo who had
sirolimus added to their regimen and CNI reduced. Only
3 patients had improved SCr (9.4%) and 13 (40.6%)
had stable SCr, suggesting that 50% of the population
achieved a benefit from the strategy of CNI dose reduction with sirolimus introduction. The authors suggested
that the benefit was greater when the baseline SCr was
less than 3 mg/dL.
Baseline tacrolimus and mycophenolate mofetil with
or without corticosteroids: A prospective, randomized
study of 200 patients more than 1 year post-transplant,
with about 3.5 years follow-up, examined sirolimus addition with trough target 5-8 ng/mL and tacrolimus
withdrawal by week 2 (n = 123) or continuation of the
current regimen with target tacrolimus trough of 6-8
ng/mL. As shown in Table 2, the GFR decreased, and
proteinuria increased to a similar degree in both groups
during follow-up, with similar acute cellular rejection
(ACR) and graft survival, suggesting no tangible benefit
to the late switch[106]. In contrast, a cohort study analyzed

Regimens utilizing sirolimus to eliminate calcineurin
inhibitors
Baseline regimen not specified: The mammalian target
of rapamycin inhibitor (mTOR), sirolimus, has also been
used to eliminate CNIs. A study[102] evaluated patients
more than one year post-transplant with chronic allograft
dysfunction according to baseline proteinuria stratification in 3 groups, and either withdrew CNI with addition
of sirolimus or reduced the dose of CNI with addition
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Table 2 Renal transplant studies utilizing sirolimus to withdraw calcineurin inhibitor beyond 6 mo post-transplant
Ref.

Design

Population (n )

Baseline
regimen

n

Strategy

Followup

Renal function

Gutierrez et al[102]

Cohort

> 1-yr post
transplant, chronic
allograft dysfunction,
no proteinuria

Not specified

8

SRL added,
CNI dose
reduced 50%

24.6
mo

Proteinuria =
+0.56 g/d vs
baseline (P = NS)

13

SRL added,
CNI
withdrawn
SRL added,
CNI dose
reduced 50%

> 1-yr post transplant,
chronic allograft
dysfunction,
proteinuria = 0.3-0.8
g/d

10

8

> 1-yr post
transplant, chronic
allograft dysfunction,
proteinuria > 0.8 g/d

14

10

Maharaj et al[103]

Retrospective
cohort

> 1-yr post
transplant, CsAinduced biochemical
toxicity

Not specified

> 1-yr post
transplant, CAN

> 1-yr post
transplant, Severe
gum hypertrophy

4.5 mo post
transplant,
Posttransplant
diabetes

5.5 mo post
transplant, CNI
induced histological
nephrotoxicty
> 1-yr post
transplant,
CNI associated
malignancy
Citterlo et al[104]

Cohort

> 6-mo post
transplant,
deteriorating renal
function, sCr 2-4.5
mg/dL, proteinuria
> 500 mg/d, biopsy
confirmed fibrosis,
tubular atrophy and
intimal hyperplasia
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CsA or TAC or
azathioprine
with
corticosteroid

65

SRL added,
CNI
withdrawn
SRL added,
CNI dose
reduced 50%
SRL added,
CNI
withdrawn
SRL added,
CNI
withdrawn

23.2
mo

25.9
mo

Proteinuria =
+ 0.67 g/d vs
baseline (P = 0.02)
Proteinuria = +0.5
g/d vs baseline
(P = NS)

Proteinuria = +1.1
g/d vs baseline (P
= 0.05)
Proteinuria = -0.1
g/d vs baseline
(NS)

Proteinuria = +2.3
g/d vs baseline
(P = 0.01)
6
25 mo
Proteinuria =
+0.06 g/d vs
baseline
eGFR = +12.2
mL/min vs
baseline
6
Proteinuria =
+0.85 g/d vs
baseline
eGFR = -9.7 mL/
min vs baseline
9
Proteinuria =
+0.99 g/d vs
baseline
eGFR = -1.0 mL/
min vs baseline
4
Proteinuria =
-0.22 g/d vs
baseline
eGFR = +13.3
mL/min vs
baseline
2
Proteinuria =
+0.63 g/d vs
baseline
eGFR = -10.0 mL/
min vs baseline
3
Proteinuria =
+0.09 g/d vs
baseline
eGFR = +7.0 mL/
min vs baseline
19
SRL added
6 mo
Response rate:
to target
57% improved
trough 8-12
or lacked
ng/mL, CNI
deterioration in
withdrawn by
renal function
3 mo

Acute
Graft Patient
rejection survival survival
NA

90.50% 85.70%

NA

83.30% 94.40%

NA

79.20% 87.50%

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

0%

NA

100%
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Wu et al[105]

Retrospective
cohort

> 1-yr post
transplant, CAN

Chhabra et al[106]

Randomized,
prospective,
open-label,
single-center

> 1-yr post transplant

Wali et al[107]

Cohort

Diekmann et al[108]

Cohort

Bumbea et al[109]

Boratynska et al[110]

Martínez-Mier et al[111]

Prospective,
single-center
cohort

Cohort

Retrospective
cohort

CsA or TAC/ 32
SRL added 8.5 mo
corticosteroids
with CNI dose
orCsA or TAC/
reduced
corticosteroids/
MMF
TAC, MMF

SRL added
to target
trough 5-8
ng/mL, TAC
withdrawn by
week 2
64
Continue
TAC to target
trough 6-8
ng/mL

41.1
mo

eGFR = -3.3
mL/min per 1.73
m2 vs baseline
proteinuria > 1
g/d = + 4.7% vs
baseline
40.7
eGFR = -8.7
mo
mL/min per 1.73
m2 vs baseline,
proteinuria > 1
g/d = + 7.4% vs
baseline
24 mo sCr = -1.1 mg/dL
vs baseline
(P < 0.0001)
eGFR = +21 mg/
dL vs baseline
(P < 0.0001)

TAC/MMF
159 SRL added,
or TAC/MMF/
target trough
corticosteroids
8-10 ng/
mL, TAC
withdrawn
after second
dose of SRL
> 1-yr post
CsA or TAC/ 22 SRL added,
6 mo sCr = -0.7 mg/dL
transplant, biopsy corticosteroids,
target trough
vs baseline (%=
confirmed CNI
or CsA or TAC/
8-12 ng/mL,
NS), Response
toxicity
corticosteroids/
CsA or TAC
rate: 59.1%
azathioprine,
reduced
improved
or CsA or TAC/
by 50%
or lacked
corticosteroids/
immediately
deterioration in
MMF,or
then further
renal function
CsA or TAC/
reduced
MMF, or
10%-20%
TAC/MMF/
weekly
corticosteroids
CsA or TAC/
azathioprine
>6-mo post
CsA or TAC/ 43 SRL added, 27 mo sCr = -17.8 µmol/
transplant, chronic corticosteroids,
target trough
L vs baseline
allograft dysfunction or CsA or TAC/
= 8-12
(P = NS)
or recurrent
corticosteroids/
ng/mL, CNI
CrCL = +2.3 mL/
cutaneous cancer
azathioprine
withdrawn
min vs baseline
or CsA or TAC/
abruptly or by
(P = NS)
corticosteroids/
week 3
Proteinuria (>
MMF
1g/d): 20.6% at
2 yr (P = 0.01)
> 1-yr post
CsA,
5
SRL added,
3 mo sCr = +1.6 mg/dL
transplant, biopsy
prednisone,
target trough
and proteinuria
confirmed CAN
azathioprine
10-18 ng/
= +461 mg/dL
mL, CsA
after 3 mo SRL vs
withdrawn
baseline
immediately.
sCr = +1.1
After 5
mg/dL and
mo, SRL
proteinuria = +6
withdrawn
mg/dL 6 mo after
and CsA
reconversion to
reinitiated
CsA vs baseline
sCr = -0.5 mg/dL
and proteinuria =
-455 mg/dL after
reconversion to
CsA vs SRL
> 6-mo post
CsA,
15
SRL added,
6 mo sCr = -0.78 mg/
transplant, > 20% sCr prednisone,
target trough
dL vs baseline
increase in 6 mo or
MMF
8-12 ng/
(P = 0.003)
sCr 2-4.5 mg/dL
mL, CsA
BUN = - 9.84 mg/
withdrawn
dL vs baseline
immediately
(P = NS)
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Renal dysfunction
and biopsy
confirmed CAN

123

Response rate:
50% improved
or lacked
deterioration in
renal function

66

3.10%

87.50%

NA

5.70% 97.60%
(ACR)
4.1%
(AHR)

97%

6.40%
(ACR)
3.1%
(AHR)

97%

100%

9.60%

65%

90%

NA

86%

100%

0%

93%

95.30%

0%

40%

100%

0%

100%

100%
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Kamar et al[112]

Chen et al[113]

Stallone et al[114]

Paoletti et al[115]

Alarrayed et al[116]

Prospective,
> 1-yr post
CsA or TAC,
multicenter,
transplant, moderate corticosteroids,
noncomparative, renal insufficiency,
MMF
open-label
sCr
cohort
160-265 µmol/L
Cohort
> 6-mo post
CsA or TAC,
transplant, biopsy
prednisone,
confirmed CAN
MMF

Prospective,
open-label,
single-center

Cohort

Retrospective,
Observational,
single-center

> 1-yr post
transplant,
Scr 1-3 mg/dL

CsA or TAC,
corticosteroids,
MMF

44

16

SRL added
to target
trough 6-10
ng/mL, CNI
withdrawn
SRL added,
target
trough 5-8
ng/mL, CNI
withdrawn

SRL added,
CNI
immediately
withdrawn

> 6-mo post
CsA or TAC,
transplant, biopsy corticosteroids,
confirmed renal
MMF
allograft dysfunction

13

SRL added,
target
trough 4-8
ng/mL, CNI
withdrawn

> 6-mo post
transplant with
stable graft function

26

Continued
regimen

> 1-yr post
CsA or TAC,
transplant, sCr < 140 corticosteroids,
µmol/L
azathioprine or
MMF

45

SRL added
to target
trough 5-8
ng/mL, CNI
withdrawn
immediately

> 1-yr post
transplant, sCr ≥ 140
µmol/L

19

67

GFR = +7.09 mL/
min vs baseline
(P = 0.03)
Proteinuria =
+0.57 g/d
12 mo Response rate:
43.8% improved
or lacked
deterioration in
renal function

50 40% CNI dose 24 mo
reduction

34
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6 mo

3 yr

72.8
mo

2.30%

100%

100%

0%

88%

100%

sCr = -0.02 mg/
0%
84%
dL vs baseline
(P = NS)
CrCL -3.0 mL/
min vs baseline
(P = NS)
Proteinuria =
+0.17 vs baseline
(P = NS)
Follow-up
biopsy: worsened
CAN score,
increased α-SMA
sCr = -0.14 mg/
0%
97% (P
dL vs baseline
= 0.04)
(P = NS)
CrCL = +3.0 mg/
dL vs baseline
(P = NS)
Proteinuria =
+0.37 g/d vs
baseline (P = NS)
Follow-up
biopsy: stable
CAN score,
improved α-SMA
sCr = -0.3 mg/dL
8%
100%
vs baseline
(P = 0.016)
eGFR = +5.5 mg/
dL vs baseline
(P = 0.011)
Proteinuria =
+0.21 g/d vs
baseline (P = 0.83)
sCr= +0.3 mg/dL
4%
96%
vs baseline
(P = 0.016)
eGFR = -6.4 mg/
dL vs baseline
(P = 0.011)
Proteinuria =
+0.17 g/d vs
baseline (P = 0.83)
sCr = -6 µmol/L
0%
100%
vs baseline
(P = 0.001)
Proteinuria = +0.2
g/d vs baseline
(P = NS)
sCr = -13 µmol/L 36.40% 72.70%
vs baseline
(P = 0.01)
Proteinuria = +0.6
g/d vs baseline
(P = 0.001)

100%

100%

100%

96%

NA

NA
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Fischereder et al[117]

Schena et al[118]

Prospective
cohort

> 1-yr post
transplant,
deteriorating renal
function, Scr 1.8-4
mg/dL

CsA or TAC,
corticosteroids,
azathioprine or
MMF

12

Randomized,
> 6-mo post
prospective,
transplant, baseline
open-label,
GFR > 40 mL/min
multicenter,
blinded,
comparative trial

CsA or TAC, 497
corticosteroids,
azathioprine or
MMF

> 6-mo post
transplant, baseline
GFR 20-40 mL/min

58

> 6-mo post
transplant, baseline
GFR > 40 mL/min

246

> 6-mo post
transplant, baseline
GFR 20-40 mL/min

29

SRL added, 12 mo sCr = -0.3 mg/dL
0%
target trough
vs baseline
= 10-20
(P = 0.198)
ng/mL, CNI
CrCL = +5.8 mL/
withheld by 4
min (P = 0.0368)
wk
Proteinuria
= +735 mg/g
creatinine vs
baseline (P = 0.13)
SRL added, 24 mo GFR = + 1.3 mL/ 7.80%
target trough
min in patients
8-20 ng/
converted to SRL
mL, CNI
as compared
withdrawn in
with patients
1 d, MMF or
continued on CNI
azathioprine
at 12 mo (P = NS)
dose reduced
GFR = +1.3 mL/
or withdrawn
min vs baseline,
UPr/Cr = -84 vs
baseline
GFR = + 3.8 mL/ 8.60%
min in patients
converted to SRL
as compared
with patients
continued on CNI
at 24 mo (P = NS)
Continue
GFR = -1.8 mL/
6.50%
regimen
min vs baseline,
UPr/Cr = -31 vs
baseline
GFR = + 2.6 mL/ 10.30%
min in patients
continued on
CNI as compared
with patients
converted to SRL
at 12 mo (P = NS)

100%

100%

92.40% 95.60%

65.50% 82.80%

93.90% 96.30%

62.10% 89.70%

α-SMA: Α-smooth muscle actin; AHR: Acute humoral rejection; CAN: Chronic allograft nephropathy; CNI: Calcineurin inhibitor; CsA: Cyclosporine; GFR:
Glomerular filtration rate; MMF: Mycophenolate mofetil; NS: Not significant; SCr: Serum creatinine; TAC: Tacrolimus.

patients on tacrolimus/MMF or tacrolimus/MMF/corticosteroids with biopsy-proven CAN and progressive
renal dysfunction when tacrolimus was converted to
sirolimus (10 mg per day for 3 d, then 5 mg/d targeting
trough levels 8-10 ng/mL[107]. Overall, SCr decreased and
GFR improved, as shown in Table 2. About 1/3 of the
patients were non-responders. Although first ACR was
about 10%, it was less than the rate observed prior to
the conversion (17%). Follow-up biopsies demonstrated
significant improvement in interstitial fibrosis and tubular
atrophy relative to baseline. It is important to note that
this study only included patients who tolerated 90 d of
sirolimus therapy[107].

tion deterioration at 6 mo after CNI conversion to sirolimus[108]. The other study evaluated patients more than
6 mo post-transplant with chronic allograft dysfunction
or recurrent cancer and demonstrated a modest, nonsignificant reduction in SCr and increase in CrCL at 27
mo follow-up. However, proteinuria greater than 1 g/d
occurred in 20.6% of the population at 2 years[109]. Neither study reported any episodes of ACR[108,109].
Baseline calcineurin inhibitor, corticosteroid and
azathioprine: A 5-patient cohort with BP-CAN explored conversion from cyclosporine to sirolimus. After
3 mo, SCr nearly doubled and proteinuria increased, at
which time patients were converted back to CNI and
proteinuria decreased, but SCr continued to rise, and 3
(60%) patients returned to dialysis[110].

Baseline CNI with corticosteroids, or CNI with azathioprine, or CNI with mycophenolate mofetil, or
CNI with corticosteroids and azathioprine or mycophenolate mofetil: Two studies evaluated patients with
wide variability in baseline regimens[108,109]. One study
evaluated patients more than one year post-transplant
with biopsy proven CNI toxicity (n = 22) and demonstrated a modest decrease in SCr and a 59.1% response
rate of improved or lack of progression in renal func-
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Baseline calcineurin inhibitor, corticosteroid and
azathioprine or mycophenolate mofetil: A retrospective study of patients more than 6 mo post-transplant,
with a 20% increase in SCr in 6 mo or a current SCr 2-4.5
mg/dL were converted to sirolimus with CNI withdrawn
immediately. At 6 mo, there was a significant reduction in
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SCr versus baseline, and no evidence of ACR, as shown
in Table 2[111]. A prospective, multicentered study of 44
patients more than one year post-transplant with moderate renal insufficiency demonstrated a 7 mL/min (P =
0.03) improvement in GFR with a 0.57 g/d increase in
proteinuria (P = 0.002). Adverse effects observed included an increase in triglycerides, total cholesterol and LDL
cholesterol, and a decrease in hemoglobin levels, and
one episode of mild ACR[112]. In a cohort of 16 patients
with sirolimus added and CNI withdrawn for biopsy
proven -chronic allograft nephropathy (BP-CAN), 43.8%
demonstrated improved, or lack of deterioration in SCr,
without an increased risk of ACR. Patients with SCr at
baseline < 2.48 mg/dL were more likely to achieve improvement in SCr after the conversion, and patients with
higher SCr or C4d deposition in peritubular capillaries
were less likely to achieve success[113].
A prospective open-label single-center study conducted by Stallone and colleagues[114] compared a 40%
dose reduction in CNI (n = 50) with sirolimus addition
and CNI elimination (n = 34) at greater than 1 year posttransplant[114]. Compared with baseline, CNI reduction
resulted in no significant change in SCr, CrCL or proteinuria versus baseline at 2 years follow-up. To a similar
degree, SCr, CrCL or proteinuria were similar to baseline
in the CNI withdrawal group, although graft survival was
improved (84% vs 97%, P = 0.04). On follow-up biopsies,
CAN grade and α-smooth muscle actin (α-SMA) protein
expression worsened in the CNI reduction group, and
α-SMA decreased (P = 0.005) and CAN grade remained
stable in the sirolimus group[114]. Another study compared
sirolimus addition and CNI elimination (n = 13) in patients with BP-CAN versus CNI continuation (n = 26)
in patients with stable renal function, at least 6 mo posttransplant followed patients for 3 years[115]. In that study,
sirolimus resulted in an improvement in SCr and GFR,
with a statistically significant increase in proteinuria relative to baseline, while CNI continuation resulted in worsening of SCr and GFR and a similar degree of proteinuria. There were more cardiovascular events (P = 0.024)
in the CNI continuation group, although patient survival
was similar. The 3-year change in GFR was the only significant predictor of event-free survival by Cox regression analysis (HR = 0.96, 95%CI: 0.93-0.99, P = 0.017),
and sirolimus was the strongest predictor of GFR[115].
One retrospective study compared the effects of sirolimus addition and CNI elimination relative to baseline
SCr (≥ 140 μmol/L vs < 140 μmol/L) and found that
patients with more baseline renal dysfunction had a larger
decline in SCr relative to baseline, but also developed
more proteinuria and had a higher rate of ACR (36.4%
vs 0%)[116]. Another prospective study targeted sirolimus
trough 10-20 ng/mL and CNI elimination over 4 wk, in
patients more than 1 year post-transplant, and demonstrated a 5.8 mL/min improvement in CrCL along with a
non-significant increase in proteinuria at 12 mo[117].
A randomized, prospective, open-label multicentered
comparative trial (CONVERT) evaluated sirolimus to
facilitate CNI withdrawal in the setting of concurrent
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azathioprine or MMF reduction or withdrawal versus
continuation of the CNI-based regimen, according to
baseline GFR (20-40 mL/min vs > 40 mL/min) in patients more than 6 mo post-transplant[118]. As shown in
Table 2, patients with GFR > 40 mL/min and converted
to sirolimus had a non-significant improvement in GFR
relative to baseline and relative to CNI continuation at
24 mo. Patients with baseline GFR 20-40 mL/min had
a slightly higher, but still non-significant improvement
in GFR at 24 mo relative to CNI continuation. Graft
survival was poor in all patients with baseline GFR 20-40
mL/min regardless of regimen (62%-66%). A post-hoc
analysis revealed that patients with GFR > 40 mL/min
who had a baseline urinary protein-to-creatinine ratio
(UPr/Cr) less than or equal to 0.11 had more favorable outcome with sirolimus conversion[118].
Summary of sirolimus studies: There appears to be
less data comparing sirolimus-facilitated late CNI withdrawal to an active CNI-containing regimen than was
found for mycophenolic acid (MPA)-facilitated CNI
withdrawal. Sirolimus has the potential to support late
CNI withdrawal, through a modest improvement in
short-term renal function, which has been corroborated
in a systematic review[119]. However, the benefit of sirolimus is somewhat limited by an increased risk of proteinuria, especially in the setting of baseline renal dysfunction
and/or proteinuria and high rate of discontinuation for
adverse effects which ranges from 17% in nonrandomized trials to 28% of randomized trials[119-121]. Adverse
effects of sirolimus on renal function were confirmed
in a trial which evaluated late sirolimus withdrawal using
MMF and found improvement in the slope 1/SCr in 15
of 17 (88%) patients[122]. Renal function results associated
with use of sirolimus appear to be improved to a relatively greater degree when sirolimus is used in combination with mycophenolate mofetil[123]. This combination
may increase the risk of MMF adverse effects, in part due
to a drug-drug interaction[123,124]. It should also be noted
that use of reduced dose CNI in conjunction with sirolimus may also suffer from a pharmacokinetic interaction,
which potentiates each’s nephrotoxicity[125].
Regimens utilizing everolimus to eliminate calcineurin
inhibitors
Baseline calcineurin inhibitor and unspecified adjunctive agents: A second mTOR inhibitor, everolimus
has also generated evidence on late CNI withdrawal in
renal transplantation. As shown in Table 3[126-135], a small
case series evaluated 21 Hispanic first renal transplant
patients (15 cadaveric), including 5 children, who were
undergoing conversion from CNI to everolimus with
MPA at a mean 8 mo post-transplant, due to CAN or
CNI toxicity. Over 10-mo follow-up there was no mortality or graft loss and a slight mean decline of SCr of 0.2
mg/dL, but ACR rate was 17%[126]. Another case series
of 78 patients converted CNI to everolimus at a mean 77
mo post-transplant, without manipulation or addition of
MPA, and noted a statistically significant mean increase
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Table 3 Renal transplant studies utilizing everolimus to withdraw calcineurin inhibitor beyond 6 mo post-transplant
Design

Population (n )

Baseline
regimen

n

Strategy

Giron et al[126]

Case series

Conversion due
to unspecified
reasons in
Hispanic renal
transplant
patients (15
from cadaveric
donors), mean
conversion 8 mo
post-transplant

CsA or
TAC, and
unspecified
regimen

21

Everolimus
added with
MPS or MMF
with complete
suspension of
CNI

Sánchez
Fructuoso et al[127]

Case series,
prospective,
open

CAN or other
reasons, stable
renal function,
mean 77 mo
post-transplant

CNI and
unspecified
regimen

78

Ruiz et al[128]

Case Series

CAN with
deteriorating
renal function

Fernández et al[129]

Case series

CsA or
TAC, and
unspecified
regimen;
tripe drug
(41%), doubledrug (52%),
monotherapy
(7%)
Cadaveric renal CsA or TAC, 17
transplant
± MMF or
patients with
azathioprine,
CAN, at a mean corticosteroid
123.8 ± 74.2 mo not specified
post-transplant

Ref.

Cadaveric renal
transplant
patients treated
with non-CAN
diagnosis at a
mean 123.8 ±
74.2 mo posttransplant
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CsA or TAC,
± MMF or
azathioprine,
corticosteroid
not specified

Followup

10 mo
Mean SCr showed
(range,
a trend to decline:
2 to 22) preconversion 1.7 mg/
dL; post-conversion
1.5 mg/dL

10

Converted to
everolimus
with complete
suspension of
CNI

70

Acute
Graft Patient
rejection survival survival
17%

100%

100%

Baseline CrCL = 51.9 ±
2.7 mL/min, and 3 mo
= 55.7 ± 3.2 (P = 0.02).
12-mo CrCL not stated.
Proteinuria = increased
at 3 mo (P < 0.001),
decreased between 3
to 6 mo (P = 0.001), but
remained higher than
basal levels (P = 0.002).
Everolimus stopped in
13 patients (16.7%)

NA

NA

NA

Baseline SCr 1.93 ± 0.13
mg/dL vs 1.86 ± 0.14,
P = 0.07. Proteinuria =
1.62 ± 0.62 g/d vs 2.11
± 0.73 (P = 0.11)

NA

NA

NA

Baseline SCr of 1.8 ±
0.4; after a year, 1.62
± 0.49; and after 2 yr,
1.56 ± 0.49 mg/dL (P
< 0.05). Proteinuria
was baseline 0.30 ±
0.13 mg/mg, 1 yr =
0.63 ± 0.68 (P < 0.05),
and 2 yr = 0.48 ± 0.34.
Protein/creatinine
quotient was: baseline
0.30 ± 0.13; one year
0.63 ± 0.68; and 2 yr
0.48 ± 0.34. CrCL was
baseline 37.1 ± 11.14
mL/min and 2 yr =
46.6 ± 14.6 (P < 0.05)
24 mo
Baseline SCr of 1.1 ±
0.32 mg/dL; , 1 yr 0.97
± 0.15, and 2 yr 0.97
± 0.15. Proteinuria at
baseline 0.12 ± 0.07
mg/mg, 1 yr = 0.46 ±
0.68 (P < 0.05), and 2 yr
= 0.32 ± 0.17 (P < 0.05).
Protein/creatinine
quotient was: baseline
0.2 ± 0.07, 1 yr = 0.73
± 0.7, and 2 yr = 0.32
± 0.17. CrCL was
baseline 68.81 ± 19
mL/min and 2 yr 74.56
± 12.3

NA

NA

100%

NA

NA

50%,
due to
tumors

Switched to
12 mo
everolimus
with complete
and quick
elimination of the
CNI: An initial
dose of 3 mg/d
was adequate
to obtain the
recommended
trough levels
between 5 and 10
ng/mL
32
Everolimus
6 mo
added, to
eliminate CNI

Converted to
everolimus
with complete
suspension of
CNI

Renal function

24 mo
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Kamar et al[130]

Retrospective
case-control

Morales et al[131]

Case series

Holdaas et al[132]

Prospective,
randomized,
open-label,
multi-center.
ASCERTAIN
study

Inza et al[133]

Case series

DSA-free kidney CsA or TAC 61
Converted to
36 ± 25 SCr (mmol/L) baseline
transplant
or belatacept,
everolimus-based
mo
135 ± 37 to 141 ± 54 (P
patients with
± MPA or
regimen without
= NS). aMDRD GFR
CNI toxicity, azathioprine, ±
CNIs
(mL/min) 54 ± 18 to 56
CAN or other corticosteroids
± 22 (P = NS)
diagnosis
CsA or TAC, 61 Matched control
SCr (mmol/L) baseline
± MPA or
patients on CNI
133 ± 51 to 131 ± 45 (P
azathioprine, ±
= NS). aMDRD GFR
corticosteroids
(mL/min) 65.7 ± 25 to
62 ± 24
(P = NS)
1st or 2nd
CsA or TAC,
8
Everolimus
1-16 mo Mean baseline SCr was
transplant,
± MMF or
added to replace
1.96 ± 0.69 mg/dL vs
converted
azathioprine, ±
(n = 6) or decrease
1.59 ± 0.52. Mean CrCL
due to CAN,
corticosteroid
(30% reduction)
= 51 ± 34.6 mL/min
nephrotoxicty
CNI dose (n = 2)
vs 56.5 ± 25.5. Mean
or malignancy,
Antiproliferative
Proteinuria:creatinine
mean 5 yr postdose reduced.
ratio = 1.34 ± 2.17 vs
transplant
1.28 ± 1.19 mg/g.
> 6-mopost
CsA or TAC, 127
Everolimus
24 mo
Mean measured
transplant, renal
± MPA or
added, target
GFR at month 24,
impairment, no azathioprine, ±
8-12 ng/mL; to
48 ± 22 mL/min per
recent ACR < 3 corticosteroids
eliminate CNI
1.73 m2 Difference
mo
vs control was 1.12
mL/min per 1.73 m2,
95%CI : -3.51-5.76 (P
= 0.63). Urine protein:
creatinine (mg/mmol)
median increased from
baseline 16.6 (3.5-413.7)
to 32.6 (4.1-665.9; P =
0.007 vs control)
144
Everolimus
Mean measured GFR
added, target
at month 24, 46.6 ±
3-8 ng/mL; to
21.1 mL/min per
decrease CNI
1.73 m2. Difference
dose
vs control was 0.59
mL/min per 1.73 m2,
95%CI: -3.88-5.07 (P =
0.79). Urine protein:
creatinine (mg/mmol)
median increased from
baseline 13.5 (2.4-319.4)
to 22.4 (5.1-513.5; P =
0.54 vs control)
123
Controls
Mean measure GFR
maintained
at month 24 46 ±
current CNI20.4 mL/min. Urine
based regimen
protein:creatinine
(mg/mmol) median
remained stable from
baseline 14.3 (3.3-431.9)
to 19.3 (3.3-431.9)
Cadaveric
CsA or TAC, 22 Switched CNI to 24 mo
Baseline CrCL 29.31
kidney allograft,
± MPA or
Everolimus, mean
± 10.15 mL/min to
SCr > 2 mg/dL,
sirolimus,
starting dose 1.4
3-mo 37.99 ± 14.44 (P
proteinuria < 1 corticosteroids
mg/d.
= 0.0076). No results
g/ 24 h
specified for 24 mo, but
authors stated CrCL
trended to decline
(P = 0.6). Proteinuria
(mg/24 h) increased
from baseline 384 ±
26.13 to one month,
958 ± 1019.38 (P = 0.05),
to month 12, 1295 ±
1200.83 (P = 0.0106)
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NA

NA

NA

NA

NA

NA

5.50%

94.50%

97.60%

5.60%

92.40%

97.90%

2.40%

95.10%

100%

4.50%

90.50%

100%
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CataneoDávila et al[134]

Albano et al[135]

Prospective,
randomized,
open pilot

> 6-mo post
CsA or TAC, 10
MMF or
12 mo
Baseline and end-oftransplant,
MMF or
azathioprine
study data were as
stable renal
azathioprine,
were withdrawn
follows: SCr, 1.27 ±
function, Banff corticosteroids
and Everolimus
0.35 mg/dL vs 1.24 ±
added to decrease
0.4 mg/dL; estimated
grade Ⅰ or Ⅱ
CAN within
CNI dose by 80%.
GFR = 72.4 ± 19.86
6 mo, without
mL/min vs 76.26 ±
ACR or grade
22.69 mL/min (P =
Ⅲ CAN in last 3
NS); microalbuminuria
mo
0 mg/g (range 0-50) vs
0 (range 0-609; P = NS)
CsA or TAC, 10
Everolimus
Baseline and end-ofMMF or
added to
study data were as
azathioprine,
eliminate CNI
follows: SCr 1.27 ±
corticosteroids
gradually. MMF
0.36 mg/dL vs 1.25 ±
or azathioprine
0.3 mg/dL; estimated
withdrawn, then
GFR 66.2 ± 12.95
re-introduced at
mL/min vs 66.2 ± 13.73
CNI elimination
mL/min (P = NS);
microalbuminuria 0
mg/g (range 0-60) vs 0
(range 0-34; P = NS)
Prospective,
Completion
Low15
Switch CsA to
12 mo Median (range) mGFR
randomized,
of CALLISTO exposure CsA,
mycophenolate
was 54 (21-87) mL/min
open-label,
study of
everolimus,
sodium 720
at baseline (P = 0.053
multi-center.
patients at risk corticosteroids
mg/d, increase
vs CNI at baseline) vs
FOREVER trial for DGF, from
everolimus, target
56 (18-126) mL/min
transplantation
trough goal 6-10
at month 12 (P = 0.007
to month 12,
ng/mL
vs CNI continuation;
with proteinuria
P = 0.3 vs baseline).
< 1 g/24 h at
Difference in mGFR
month 12
(SE) was +10.3 mL/
min (4.8) vs baseline.
SCr (SE) = 24 µmol/
mL (27). Proteinuria
least squares mean
change from baseline
(SE) = 0.16 g/24 h (0.2)
15
Continue CsA
Median (range) mGFR
and everolimus
was 37 (range 18-69)
unchanged,
mL/min at baseline (P
trough goal 3-8
= 0.053) vs 32 (12-63)
ng/mL
mL/min at month 12
(P = 0.007). Difference
in mGFR (SE) was -4.1
mL/min (5) vs baseline.
Proteinuria least squares
mean change from
baseline (SE) = 0.08
g/24 h (0.23)

10%

NA

NA

0%

NA

NA

0%

100%

100%

6.67%

100%

93.3%

ACR: Acute cellular rejection; aMDRD: Abbreviated modified diet in renal disease; BP-CAN: Biopsy-proven chronic allograft nephropathy; CAN: Chronic
allograft nephropathy; CNI: Calcineurin inhibitor; CsA: Cyclosporine; DGF: Delayed graft function; DSA: Donor specific antibody; eGFR: Estimated
glomerular filtration rate; GFR: Glomerular filtration rate; MMF: Mycophenolate mofetil; MPA: Mycophenolic acid (includes MMF and MPS); MPS:
Mycophenolate sodium; NA: Not assessed/applicable; NCR: Not clearly reported by group; NS: Not significant; SCr: Serum creatinine; TAC: Tacrolimus.

in CrCL of 3.8 mL/min at 3 mo post-conversion, but
12-mo CrCL was not stated. It should be noted that proteinuria increased from baseline at all time points studied,
and 16.7% of patients stopped everolimus due to worsening renal function (n = 5), dermal eruptions (n = 3), or
other reasons (n = 5)[127]. A case series of 32 patients took
patients with deteriorating renal function in the face of
CAN and added everolimus to eliminate CNI. At 6-mo,
SCr decreased slightly, but not significantly (P = 0.07),
and proteinuria trended toward an increase (P = 0.11)[128].
Of particular interest, a small study retrospectively com-
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pared 17 patients with CAN converted to everolimus
with 10 patients being converted to everolimus for other
reasons. In the CAN group, SCr was higher and CrCL
lower at baseline relative to the non-CAN group. SCr in
the CAN group decreased steadily out to 2 years followup (P < 0.05), and CrCL improved significantly, with
100% patient survival. In contrast, the non-CAN group
did not demonstrate a significant improvement in SCr or
CrCL, and had a 50% mortality rate due to malignancy
present at the time of the switch. An increase in proteinuria was observed in both groups[129].
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Baseline calcineurin inhibitor or belatacept with or
without mycophenolic acid or azathioprine or corticosteroids: A retrospective case-control study evaluated
patients on a CNI or belatacept with or without MPA
or azathioprine or corticosteroids (n = 61) converted to
everolimus, and another 61 matched patients maintained
on CNI-based regimen to determine if DSAs developed
after conversion. At mean 36 mo follow-up there was
no changes from baseline or between the groups in SCr
or CrCL. None of the patients had DSAs at baseline,
but the everolimus group had a follow-up incidence of
9.8% (P = 0.03) and the CNI continuation group had
an incidence of 5% (P = NS). The only factor independently associated with DSA development was higher age
at transplantation, associated with less DSA formation.
Overall, 33% of everolimus patients withdrew from
everolimus treatment at a mean 32 mo, due to DSA
formation (n = 5), lymphedema (n = 4), proteinuria (n
= 3), and other reasons. None of the patients switched
back to CNI developed DSAs[130]. Another case series
examined 8 patients converted from CNI to everolimus
at approximately 5 years post-transplant for CAN or
malignancy. Everolimus replaced the CNI in 6 patients
and was used to lower the CNI dose 30% in 2 patients.
At 1-16 mo, SCr reduced slightly, CrCL improved slightly,
and proteinuria:creatinine ratio decreased slightly. Three
of the 8 patients developed serious infections[131]. A more
robust study, the ASCERTAIN study[132], was a prospective, randomized, open-label, multicenter study with 24
mo follow-up. Patients enrolled were at least 6 mo posttransplant (mean 5.6 years), with renal impairment, and
without ACR within 3 mo. The study compared addition
of everolimus to eliminate CNI (n = 127), addition of
everolimus to decreased CNI dose (n = 144) and controls
maintained on CNI (n = 123). Overall, at 24-mo followup, ACR rates, graft survival and patient survival were
similar. The primary endpoint of the study, CrCL at 24
mo, was not met, because CrCL was similar in all the
groups at baseline and at follow-up. Proteinuria increased
from baseline and relative to control in the CNI elimination group. Post-hoc analysis showed that patients with a
baseline CrCL > 50 mL/min had a larger improvement
in CrCL after CNI elimination[132].

everolimus was introduced in both groups, but were
reintroduced only when the CNI was eliminated. At 12
mo, both groups had similar follow-up SCr, GFR and
microalbuminuria, as well as similar changes from baseline. ACR occurred in 10% of the CNI reduction group
and none of the CNI elimination group. It is interesting
to note that in this study, many of the patients received
angiotensin-converting enzyme inhibitors (ACEI) or
angiotensin receptor blockers (ARBs), which could have
impacted the degree of proteinuria. Triglycerides and total cholesterol increased due to everolimus[134].
Baseline calcineurin inhibitor with everolimus and
corticosteroids: The FOREVER trial [135] examined
patients previously enrolled in another trial of CsA
with everolimus who either switched CsA to MPS and
increased everolimus (n = 15) or continued CsA and
everolimus. This study, although prospective and randomized, suffered from differences in baseline GFR
between the groups that impacted the interpretation of
the results. The median (range) baseline measured GFR
was 54 (21-87) mL/min in the CsA withdrawal group,
and 37 (18-69) mL/min in the CsA continuation group (P
= 0.053). The difference at follow-up in GFR was -14.4
mL/min for the CsA continuation group, which did not
meet statistical significance. Study drugs were discontinued in 7% of the CNI-free patients and 20% of the CNItreated patients. Adverse event rates were similar, except
aphthous stomatitis and pyrexia were more common in
the CNI-free group, and hypertension, proteinuria, acute
renal failure and urinary tract infection were more common in the CNI-treated patients[135].
Summary of everolimus studies: Although the majority of evidence was from small, low-quality studies, there
was clear evidence of an increase in proteinuria with conversion to everolimus from a CNI-based regimen, similar
to what has been observed with sirolimus[119-121,127-129]. It is
interesting to speculate that this may be manageable with
ACEI or ARBs[134]. As expected, everolimus also had an
adverse effect profile similar to sirolimus[112,122,134,135]. Here
was evidence of a modest short-term improvement in
renal function after CNI elimination with use of everolimus, and like sirolimus, combination of the mTOR
inhibitor and the CNI resulted in enhanced adverse effect
profile[122,125,135]. Also, like sirolimus, there was little evidence comparing late CNI withdrawal to an active CNIcontaining regimen.

Baseline calcineurin inhibitor with mycophenolic
acid or azathioprine and corticosteroids: In cadaveric
recipients on a CNI with MPA or azathioprine and corticosteroids and a SCr > 2 mg/dL with proteinuria less
than 1 g/24 h, everolimus was used to withdraw CNI.
CrCL improved from baseline to 3 mo, but no results
for 24 mo were presented, although the authors noted
a trend toward decline. Proteinuria increased by one
month (P = 0.05) and more than 3-fold by month 12 (P
= 0.0106). Two of the 22 patients lost their grafts due to
nephrotic syndrome and increasing SCr, and one patient
developed ACR[133]. Another study compared 10 patients
managed with everolimus to facilitate an 80% CNI dose
reduction versus 10 patients with gradual complete CNI
elimination. MMF or azathioprine were withdrawn when
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Regimens utilizing other agents to eliminate calcineurin
inhibitors
Calcineurin inhibitor and variable adjunctive agents:
A randomized, open label phase Ⅱ trial[136] evaluated the
T cell costimulation blocker, belatacept for comparison
with continued CNI in patients 6-36 mo post-transplant.
Patients were randomized to switch to belatacept (n = 84)
intermittent therapy (5 mg/kg on days 1, 15, 29, 43 and
57, followed by every 28 d thereafter), or to continue the
current regimen, which consisted of CNI and the current
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regimen (80.7% corticosteroid, 3.4% azathioprine, and
94.3% MMF or MPA). Patients randomized to belatacept
underwent a progressive taper to eliminate CNI by day
29. The primary endpoint was renal function over 12
mo as determined by calculated GFR, and the belatacept
group improved 7 ± 11.99 mL/min and the CNI group
improved 2.1 ± 10.34 mL/min from baseline (P = 0.0058
for comparison at follow-up). Patients in the belatacept
group with a baseline CrCL 45-60 mL/min exhibited the
greatest numeric improvement (10 ± 13.41 mL/min).
Belatacept patients with baseline CrCL < 45 mL/min
improved 3.7 ± 11.01 mL/min and patients with CrCL >
60 mL/min improved 5.7 ± 10.17 mL/min. In contrast,
patients remaining on CNI exhibited similar CrCL change
according to baseline CrCL stratification, ranging from
1.9-2.8 mL/min. Mild to moderate ACR occurred in 6
patients in the belatacept group, all within the first 6 mo.
Four of these patients were on belatacept therapy and 2
had discontinued belatacept. SCr returned to baseline in 4
of the 6 patients. No ACR episodes were reported in the
CNI continuation group. Proteinuria occurred in one patient in each group. No grafts were lost in either group in
the first 12 mo. One patient in the CNI group died with
a functioning graft on day 142. Serious adverse event occurred in 24% of the belatacept group and 19% of the
CNI continuation group. The biggest discrepancy in the
adverse effects, pyrexia occurred in 4% of the belatacept
group and 0% of the CNI group[136]. A 2-year follow-up
to this study demonstrated 1 additional graft loss in each
group, no additional ACR, and a mean change in CrCL
from baseline 8.8 mL/min in the belatacept group and 0.3
mL/min in the CNI continuation group. Serious adverse
events occurred in 37% of the belatacept group and 33%
of the CNI group[137].

to sirolimus or MMF for CNI toxicity (n = 9), CAN (n =
6) or diabetes mellitus (n = 2) at a mean 5.9 years posttransplant. Mean CrCL actually decreased from baseline
after the switch at 6 mo (P = 0.04) and 12 mo (P = 0.02),
and 41% of patient developed ACR. Risk of ACR was
predicted by prior AR history, which was present in 9
of 17 patients, lower sirolimus trough levels, and lower
calcineurin inhibitor toxicity scores. Graft loss occurred
in 24% of patients and was associated with worse CrCL,
proteinuria, and histologic chronicity. Proteinuria increased in a manner unrelated to sirolimus use. Four patients returned to a CNI-base regimen based on adverse
effects. The authors suggested that worsened graft function and graft loss after conversion could be minimized
by selecting patients with high CNI toxicity scores and
low chronicity scores on biopsy, and excluding patients
with a history of ACR[140].
Regimens using mycophenolic acid to eliminate CNIs
Baseline CNI, corticosteroid and azathioprine : In
another study of patients averaging 40 mo post-transplant, but at least 3 mo post-transplant, conversion from
CNI, azathioprine and corticosteroid to MMF plus corticosteroid (n = 29) or addition of MMF and elimination
of azathioprine, without CNI withdrawal (n = 9) resulted
in overall patient survival of 100% and graft survival of
94% at approximately 5-year follow-up. There was no
significant difference in ACR or proteinuria between the
groups. Introduction of MMF resulted in improvement
in GFR over 2 year regardless of which group was evaluated, but the patients with CNI withdrawn had a numerically increased GFR[141].
Regimens using sirolimus and MMF to eliminate CNI
Baseline calcineurin inhibitor, corticosteroid and
azathioprine: A group retrospectively analyzed addition
of sirolimus and MMF to eliminate CNI, and compared
the strategy to CNI minimization (39% dose reduction),
MMF and corticosteroid. One year after conversion,
the sirolimus group had a 10.3 ± 3 mL/min improvement in CrCL (P < 0.05) versus baseline, while the CNI
minimization group had a 17.7 ± 7.1 mL/min (P < 0.05)
improvement in CrCL. No patient experienced ACR in
either group. The authors concluded that sirolimus and
MMF introduction had similar benefit to MMF introduction with CNI minimization[142].

PEDIATRIC PATIENTS 6 OR MORE
MONTHS POST-TRANSPLANT
Pediatric renal transplant patients also commonly receive
CNIs and are at risk for potential CNI nephrotoxicity. Based on a comparison with adult kidney transplant
recipients, pediatric patients have similar graft survival
at 10 years (P = 0.4325), with similar rates of delayed
graft function and SCr levels. However, acute rejections
were more common in pediatric patients, and 10-year
patient survival tends to be lower in the pediatric transplant group (90.3% vs 76.8%; P < 0.02)[138]. Consequently,
pediatric patients are at similar or greater risks as adult
patients, depending on the endpoint studied, and thus
may be considered for immunosuppression changes from
CNIs over time[139].

Summary of pediatric studies: Data is currently very
limited on late CNI withdrawal to improve renal function
and further study is required. Patient characteristics may
impact the success of selected regimens.

Regimens using mycophenolic acid or sirolimus to
eliminate CNIs
CNI and variable regimen: Weintraub and colleagues
retrospectively evaluated 17 patients on a baseline regimen of CNI plus either sirolimus, MMF or azathioprine,
with or without corticosteroids who were being switched
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CONCLUSION
This manuscript presents available evidence on late conversion, beyond 6 mo, from CNIs to alternative regimens
as a means to aid practicing clinicians in determining
therapeutic options for patients exhibiting CNI toxicity
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or CAN. Although recent evidence suggests that CNI
toxicity and CAN are non-specific findings, and graft
dysfunction may alternatively or additionally be a function of C4d and DSA, it has been shown that 5-year graft
survival is not independently predicted by DSA and C4d,
suggesting that clinicians will still modify regimens based
on the presence of CAN and CNI toxicity on biopsy[143-146]. These studies provide moderate-level evidence
of a short-term improvement in renal function, that is
not without regimen-specific risks, such as increased
infection rate with MPA or proteinuria with mTOR
inhibitors. There appears to be a “point of no return”
after which kidney damage is irreversible and the patient
stands to benefit less from withdrawal of CNI[103-105,132].
Since the benefit of late withdrawal appears to be modest and dependent on baseline renal function, the second
manuscript in this series will evaluate the data surrounding early conversion and de novo CNI avoidance.
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This review provides an outline of NAFLD as indication
for liver transplantation with a focus on the epidemiology, pathophysiology and risk factors associated with
this disease. It also provides a brief review on the pretransplant considerations and post-transplant factors
including patient characteristics, role of obesity and
metabolic syndrome, recurrence and de novo NAFLD,
outcomes post-liver transplantation, choice of medications, and options for immunosuppression.

Abstract

Core tip: Non-alcoholic fatty liver disease (NAFLD) is
a major cause of chronic liver disease and one of the
leading indication for liver transplantation (LT) nowadays. Although, it remains the third most common
indication for LT in the United States, it is projected to
become the most common indication by 2025. It presents a unique challenge for the transplant community
in terms of management and long-term outcomes.
Many risk factors for NAFLD pre-transplant such as
obesity, hypertension, hyperlipidemia, diabetes continue to play an important role in the pathogenesis of
post-transplant NAFLD. In addition to therapy focused
on prevention and management of coexisting medical
conditions, physicians must weight the benefits and
harms of both medical and surgical options in patients
undergoing LT.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Non-alcoholic fatty
liver disease; Non-alcoholic fatty liver disease; Nonalcoholic steatohepatitis; Nonalcoholic steatohepatitis;
Cirrhosis; Obesity

Non-alcoholic fatty liver disease (NAFLD) is currently
the third most common indication for liver transplantation in the United States. With the growing incidence
of obesity, NAFLD is expected to become the most
common indication for liver transplantation over the
next few decades. As the number of patients who
have undergone transplantation for NAFLD increases,
unique challenges have emerged in the management
and long-term outcomes in patients. Risk factors such
as obesity, hypertension, diabetes, and hyperlipidemia
continue to play an important role in the pathogenesis
of the disease and its recurrence. Patients who undergo
liver transplantation for NAFLD have similar long-term
survival as patients who undergo liver transplantation
for other indications. Research shows that post-transplantation recurrence of NAFLD is commonplace with
some patients progressing to recurrent non-alcoholic
steatohepatitis and cirrhosis. While treatment of comorbidities is important, there is no consensus on the management of modifiable risk factors or the role of pharmacotherapy and immunosuppression in patients who
develop recurrent or de novo NAFLD post-transplant.
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INTRODUCTION

Table 1 Non-alcoholic fatty liver disease Activity Score

Non-alcoholic fatty liver disease (NAFLD) is increasingly recognized as a major etiology leading to chronic
liver disease since its first description by Ludwig et al[1] in
1980. NAFLD has become an umbrella term to describe
the pathologic picture of alcohol induced liver injury
that occurs in the absence of alcohol abuse[2]. Histologically, NAFLD ranges from simple or bland steatosis to
nonalcoholic steatohepatitis (NASH) and can progress
to end-stage liver disease including fibrosis and cirrhosis.
The pathologic definition of NASH is based on findings of macro vesicular steatosis, nuclear glycogenation,
lobular and portal inflammation, and Mallory hyaline[1].
Progression of NASH to advanced fibrosis and cirrhosis is thought to be secondary to chronic inflammation and fibrosis[3]. Obesity has been strongly associated
with NAFLD and NASH with some authors suggesting
that NAFLD is the hepatic manifestation of metabolic
syndrome[4]. With the global epidemic of obesity on the
rise, there has been a consistent increase in NAFLD and
NASH cases leading to increasing frequency of liver
transplantation (LT) for this indication. According to
the Scientific Registry of Transplant Recipients database
(SRTR), NASH now represents the third most common
indication for LT in the United States, surpassed only by
hepatitis C and alcohol induced liver disease[5,6]. Furthermore, LT secondary to NASH is the only indication that
has increased in frequency from 1.2% to 9.7% in less
than a decade (from 2001-2009)[6]. Based on this data,
end-stage liver failure secondary to NAFLD is estimated
to become the most common indication for LT within
the next two decades[5,6].
In this manuscript, we provide an overview of
NAFLD in the context of LT. First, we review the epidemiology, pathophysiology and risk factors for NAFLD
and how obesity and metabolic syndrome play a role in
the development of the disease. We then explore the pretransplant factors affecting this patient population such
as patient characteristics and availability of livers available
for transplantation. Finally, we discuss the post-transplant
considerations such as recurrence and de-novo NAFLD,
outcomes, pharmacotherapy and immunosuppression.
The goal of this review is to educate and assist in the
management of unique challenges for patients with
NAFLD both pre- and post LT.

Component
Steatosis grade
< 5%
5%-33%
33%-66%
> 66%
Lobular inflammation
No foci
< 2 foci per 200 × field
2-4 foci per 200 × field
> 4 foci per 200 × field
Ballooning
None
Few balloon cells
Prominent/many cells

0
1
2
3
0
1
2
3
0
1
2

Scoring system assigns a score for steatosis (0-3), lobular inflammation (0-3)
and hepatocyte ballooning (0-2) and sum of the scores is correlated with
a score of greater than or equal to five as “definite NASH” and a score of
less than or equal to three as “not NASH”[66]. Adapted from Tanaka et al[66].

When elevated, aspartate aminotransferase and alanine
aminotransferase are seldom greater than four times
the upper limit of normal[8]. Therefore, the diagnosis
of NAFLD remains a diagnosis of exclusion requiring
elimination of other causes of abnormal liver function
tests in presence of imaging or biopsy suggestive of
steatosis. Liver biopsy remains the gold standard for its
diagnosis. On biopsy, NAFLD must have histologic findings of macro vesicular steatosis in greater than 5% of
hepatocytes[9]. For the diagnosis of NASH, most experts
require additional findings suggestive of active inflammatory process including hepatocyte swelling, ballooning and degeneration with lobular inflammation[10]. The
Nonalcoholic Steatohepatitis Clinical Research Network
has designed and validated a histologic scoring system for
NAFLD, called the NAFLD Activity Score that allows
for evaluation of steatosis, inflammation and ballooning
scores[11]. This scoring system assigns a score for steatosis
(0-3), lobular inflammation (0-3) and hepatocyte ballooning (0-2) and sum of the scores if greater than or equal
to five is defined as “definite NASH” and a score of less
than or equal to three as “not NASH” (Table 1). In general, the diagnosis of both NAFLD and NASH requires
the presence of hepatic steatosis, no significant alcohol
consumption and no other etiology to explain liver disease[12,13]. Figure 1 illustrates the microscopic findings in
biopsies of patients suspected of having NAFLD and
depicts hepatocyte ballooning (Figure 1A), steatosis (Figure
1B) and lobular inflammation (Figure 1C).

DEFINITION OF NAFLD AND NASH
An early diagnosis of NAFLD is often difficult as many
patients remain asymptomatic until the disease has progressed to fibrosis and cirrhosis. Biochemically, there are
no reliable serum biomarkers for NAFLD at the present time. Patients may have elevated serum transaminase
levels; however, normal transaminases do not exclude the
diagnosis. Per the United States Third National Health
and Nutrition Examination Survey (NHANES Ⅲ), the
prevalence of NAFLD with and without elevated transaminases was found to be 3.1% and 16.4% respectively[7].
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EPIDEMIOLOGY AND RISK FACTORS IN
NAFLD PATIENTS
Although the prevalence of NAFLD is unknown, its
incidence is estimated to be on the rise with the concurrent obesity epidemic. According to the National Center
for Health Statistics, the prevalence of obesity in the
United States in 2009-2010 is estimated to be 35.5% of
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A

B

C

Figure 1 Microscopic findings in biopsies of patients’ suspected of having non-alcoholic fatty liver disease/nonalcoholic steatohepatitis. A: H and E stained
liver tissue at × 40 showing ballooning degeneration of a hepatocyte (marked with black arrow); B: H and E stained liver tissue at × 40 showing steatosis without steatohepatitis. C: H and E stained liver tissue at × 40 showing inflammation (neutrophilic inflammation surrounding fatty hepatocytes).

the male population and 35.8% of the female population[14]. A recent cross-sectional study in the setting of
outpatient general internal medicine clinic in Texas shows
the prevalence of NAFLD to be 46%, with findings of
NASH in 12.2% of patients[15]. The projection from this
study reports the anticipated prevalence of NASH in the
US to be anywhere between three and eight million[15].
Despite these estimates, the frequency of progression
from NAFLD to end-stage liver disease is unknown. In
case series reports, transition from NASH to fibrosis are
reported as high as a third of patients[16-18]. The rate of
progression to decompensated cirrhosis and need for LT
remains uncertain, however; this is the only indication for
LT that has been steadily increasing[6]. Additionally, it is
suggested that a high percentage of cases initially classified as cryptogenic cirrhosis may represent progression
from NAFLD to cirrhosis[19]. As fibrosis distorts a fatty
liver into a cirrhotic one, various histologic components
such as steatosis and inflammatory changes become
less evident and may even disappear[5]. Therefore, endstage liver disease secondary to NAFLD is projected to
become the most common indication for LT by 2025[6]
given its increasing incidence and the steady decrease in
frequency of hepatitis C infection and alcohol induced
liver disease.

processes and how simple steatosis is transformed into
steatohepatitis, including the “two-hit hypothesis”. First
described by Day et al[20], insulin resistance is the “first
hit” that leads to steatosis in hepatocytes. During states
of insulin resistance, both muscle and adipose tissues
preferentially oxidize lipids, resulting in release of freefatty acids. The liver incorporates these free fatty acids
into triglycerides, and remaining free-fatty acids undergo
oxidation in the mitochondria, peroxisomes or microsomes[21]. Then a “second hit” that occurs in the form of
oxidative stress leads to inflammation and fibrosis[22]. Figure 2 summarizes the multiple factors that play a role in
the development of NASH from steatosis. Others have
also described a change in lipid metabolism through elevated peripheral fatty acids and de novo synthesis leading
to an increase in fatty deposition in the liver. In patients
with NAFLD, Donnelly et al[23] noted that the majority
(60%) of the triacylglycerol in the liver arises from free
fatty acids while 26% and 15% are attributable to de novo
lipogenesis and diet, respectively[23,24]. Insulin resistance
at the level of adipose tissue leads to an increased release
of free fatty acids leading to an increased activation of
macrophages and other immune cells. The entry of these
free fatty acids in the liver also leads to the activation of
intracellular inflammatory pathways causing hepatic inflammation and consequently fibrosis[25,26]. Furthermore,
insulin resistance leads to hyperglycemia which in turn
triggers stellate cell activation leading to fibrosis[27]. Genes
also play an integral role in the development of NASH as
evidenced by ethnic-specific allele frequencies and certain
genotypes that purport a greater lipid content, more aggressive disease, and increase in serum aminotransferase
levels[28].
Several studies have shown an increased prevalence
of risk factors in the form of hypertension, diabetes,
obesity and hyperlipidemia - all components of metabolic syndrome in patients’ who have undergone LT[29].
In these patients, studies have also shown an increase in
pro-steatotic cytokines such as leptin[30] and decrease in
anti-steatotic cytokines such as adiponectin[31]. Additionally, the advanced age of the donors may exacerbate the
effects of insulin resistance post-transplant due to accelerated fibrosis[32].

PATHOPHYSIOLOGY OF NAFLD AND
NASH
NAFLD accounts for two types of fatty infiltration of
the liver: simple steatosis and non-alcoholic steatohepatitis (NASH). Simple fatty liver infiltration, also called
bland hepatic steatosis is a benign condition in which
liver function tests are within normal limits or maybe
slightly elevated. In this condition, liver biopsy shows
liver tissue that is essentially normal except for fatty infiltration in hepatocytes. On the other hand, NASH is
defined by the presence of inflammatory changes. The
development of inflammation and subsequently NASH
from hepatic steatosis is thought to be a complex mechanism involving insulin resistance, oxidative stress, and inflammatory cascade. Several models have been described
in the literature to suggest the interplay between these
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Figure 2 Multiple factors that play a role in the progression of steatosis to nonalcoholic steatohepatitis.
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METABOLIC SYNDROME, OBESITY AND
NAFLD

PRE-TRANSPLANT CONSIDERATIONS
Patient characteristics
Obesity and insulin resistance have been implicated as
the key pathogenic factors associated with NAFLD[39].
The risk factors associated with the histological severity of NASH in the non-transplant population include
male sex, higher BMI, insulin resistance, hypertension,
and presence of type Ⅱ diabetes[18,40,41]. Analysis of the
SRTR database by Charlton et al[6] showed that the people
who underwent LT for NASH cirrhosis were older, had
larger BMI, were more likely to be female, had a greater
prevalence of diabetes and hypertension, and a lower
incidence of hepatocellular carcinoma compared with
other patients in the transplant cohort. Hence, prior to
undergoing LT, optimization of modifiable factors in
patients is essential for improved outcomes. In addition to
medical optimization such as improved blood pressure and
glycemic control, patients should strongly be encouraged
to undergo supervised weight loss. A study by Nair et al[42]
measured graft and patient survival in obese patients
receiving LT in the United States. This study concluded
that patients with morbid obesity (BMI > 40 kg/m2) had
significantly higher rates of primary graft non-function
and significantly increased immediate, one and two year
mortality. Five year mortality rates were also significantly
higher in severely obese (BMI between 35.1 and 40 kg/
m2) and morbidly obese patients, secondary to increased
cardiovascular mortality. Based on these findings, the
American Association for the Study of Liver Disease
(AASLD) considers morbid obesity a contraindication to
LT[43], and recommends weight loss in all patients awaiting LT, especially if the patient’s BMI is greater than 35

A large proportion of patients diagnosed with NAFLD
have been identified to have the phenotype associated
with metabolic syndrome. Although many organizations
have defined the term “metabolic syndrome” differently, all definitions include risk factors for cardiovascular
disease and type 2 diabetes such as hypertension, dyslipidemia (elevated triglycerides and lower high-density
lipoprotein cholesterol), raised fasting glucose and central
obesity[33]. Liver biopsies from patients who meet the
strict definition of metabolic syndrome shows more advanced histologic changes and a high risk of severe fibrosis[34]. Additionally, obesity itself has been independently
shown to be a predictor of advanced fibrosis in the liver.
A study conducted by Dixon et al[35] showed that in 105
consecutive patients who underwent laparoscopic obesity
surgery and had liver biopsies taken, there were findings
of NASH in 25% with nearly half demonstrating findings of advanced fibrosis. Colicchio et al[36] also found
severe steatosis to be uniformly present in non-diabetic
patients with body mass index (BMI) greater than 39.9
kg/m2 (grade Ⅲ obesity) when evaluated using liver ultrasound. It is however, the central or visceral obesity that
is associated with the development of NAFLD independent of overall obesity[37,38]. Dyslipidemia and diabetes
have also been shown to have an independent association
with NAFLD. One study by Assy et al[38] showed that in
patients with hypertriglyceridemia, there is a significantly
higher risk of fatty infiltration than in patients’ with other
forms of dyslipidemia, further supporting the association
between metabolic syndrome and NAFLD.
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kg/m2. Additionally, weight loss has been shown to help
with improvement in the severity of steatosis and NASH
prior to transplant. Meta-analysis by Mummadi et al[44] in
the non-LT population who underwent bariatric surgery
shows that a 19%-41% reduction in BMI was associated
with improvement of steatosis in 91.6%, steatohepatitis
in 81.3%, fibrosis in 65.5% and complete resolution of
NASH in 69.5% of patient’s post-bariatric surgery.
Concurrent bariatric surgery and LT has also been
evaluated in obese patients. A recent study analyzed
thirty-seven patients referred for LT with BMI > 35 who
had achieved weight loss prior to transplant and underwent LT alone and compared them with seven patients
who underwent LT with sleeve gastrectomy[45]. This study
reported that in patients with LT alone, there was a higher frequency of weight gain, steatosis, post-transplant
diabetes, graft loss and death when compared with the
sleeve gastrectomy group. This small study suggests that
although bariatric surgery may play a promising role in
patients undergoing transplant, more studies are needed
to evaluate long-term survival in these patients and it may
be appropriate for some patients who have persistent
obesity and fail non-invasive management.

liver biopsy in living transplant donors is also not without
risk, given that the sensitivity of imaging modalities is
low for small amounts of steatosis and improves with
increasing steatosis[55].

POST-TRANSPLANT CONSIDERATIONS
Recurrence of NAFLD and NASH
The development of steatosis post-LT in patients is
common with some observational studies reporting
prevalence as high as 100%[57]. One study of post-liver
transplant patients by Maor-Kendler et al[58], showed the
incidence of grade 2 steatosis or higher in 38% of recipients with pre-transplant diagnosis of NASH/cryptogenic
cirrhosis when compared to 6% in cholestasic disease,
16% in alcoholic disease and 9% in patients with HCV
cirrhosis. Table 2 summarizes several studies that evaluated the incidence of NAFLD, NASH and cirrhosis post
LT[57,59-66]. A recent study by Dureja et al[59] analyzed posttransplant data in eighty-eight patients who underwent
transplant for NAFLD and report prevalence of recurrent NAFLD to be 39%, recurrent NASH to be 28.4%
and fibrosis (stage 3 and 4) to be 3.4% respectively.
Moreover, according to Contos et al[57] when comparing
the cases of cryptogenic cirrhosis with those transplanted
for alcoholic liver disease, primary biliary cirrhosis and
primary sclerosing cholangitis, the rates of steatosis and
subsequent NASH were significantly higher in the cryptogenic cirrhosis group. Similarly, Bhagat et al[61] reported
the recurrence of NASH in 33% of the patients who
were transplanted for cryptogenic cirrhosis with NASH
phenotype compared with those transplanted for alcohol
related cirrhosis at six months post-LT. Tanaka et al[66] recently reported recurrence of NASH in one patient who
underwent living donor LT for NAFLD; however, this
study is limited by small sample size and had only seven
patients who were transplanted for this indication. Based
on the studies (summarized in Table 2), the recurrence of
steatosis, NASH and cirrhosis in patients transplanted for
NAFLD is clearly possible and further studies are needed
to determine the risk of recurrence in patients’ post-LT.

Availability of livers for transplant in the NAFLD
population
The increasing prevalence of obesity has led to further
increases in hepatic steatosis in potential donors, which
has reduced the number of transplantable livers available
for any indication. The use of steatotic livers for transplant depends on the level of fatty infiltration. Donor
livers with greater than 60% steatosis are deemed nontransplantable whereas those with less than 30% are
deemed useable with good function. Even though livers
with 30%-60% steatosis are potentially used for patients,
they have been associated with poor results due to decreased function, graft survival and decreased patient
survival[46]. The biggest concern remains primary nonfunction of the graft which has been reported as high as
13% in donor livers with greater than 30% steatosis compared with < 3% in those with no steatosis on biopsy prior to transplant[47,48]. More recent studies show the rate of
primary non-function of the graft to be less than 5% in
those undergoing LT with steatosis of less than 30%[49-51].
Increased hepatic graft steatosis has also been associated
with intrahepatic cholestasis and transient hyperbilirubinemia during regeneration after living donor transplant
but the mechanism remains elusive[52].
The use of living donors for LT also has its challenges. Although the maximum percentage of steatosis in
living donors is unknown for LT, most centers are reluctant to transplant grafts with greater than 30% steatosis
given the increased risk of primary non-function of the
graft[53]. With the growing incidence of obesity, finding
grafts with less than 10% steatosis (preferred by most
centers) is difficult[54]. Studies report that one third to one
half of potential living donors have steatosis on liver biopsies and in these studies more than one-third of biopsies showed steatosis greater than 10%[55,56]. The need for
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De novo NAFLD/NASH
Little is known about the prevalence of de novo NAFLD
and NASH in patients who undergo liver transplantation
for non-NASH cirrhosis and have been transplanted a
donor graft free of steatosis. Report by Seo et al[63] who
evaluated sixty-eight liver transplant patients with various causes of liver cirrhosis using pre-transplant and
post-transplant biopsies, noted the prevalence of de novo
steatosis in twelve patients (18%) with prevalence of de
novo NASH in six patients (9%). In another study that
evaluated thirty patients with mostly infectious cirrhosis
from HBV and HCV, incidence of steatosis and NASH
were 40% and 13% respectively, although it is unclear
how much of this was de novo[62]. In another case series in
which patients underwent transplantation for HCV and
alcohol cirrhosis, four patients developed de novo NAFLD
post-transplant in the absence of graft steatosis[67]. Thus,
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Table 2 Various studies examining the incidence/recurrence of non-alcoholic fatty liver disease (de novo or recurrent), nonalcoholic steatohepatitis and Cirrhosis in the post-liver transplant population n (%)
Ref.

Year of
publication

Indication of transplant

Tanaka et al[66]

2013

Dureja et al[59]

2011

Living donor transplant for
NAFLD
NAFLD

Dumortier et al[60]
Bhagat et al[61]

2010
2009

Lim et al[62]

2007

Seo et al[63]
Ong et al[64]
Contos et al[57]

2007
2001
2001

Charlton et al[65]

2001

Several indication
Cryptogenic/NASH
Cirrhosis vs alcoholic
cirrhosis
Non-NAFLD indication (18
HBV, 7 HCV, 5 others)
68 various causes, 84% HCV
Cryptogenic cirrhosis
Cryptogenic/NASH
cirrhosis
NASH cirrhosis

Number
of patients

Findings of
NAFLD posttransplant

Findings of NASH
post-transplant

Findings of cirrhosis
post-transplant

Mean follow-up
duration

7

0 (0)

1 (14)

None

5.3 yr

88

34 (39)

25 (28.4)

82 mo

599
71

131 (31.1)
N/A

5 (3.8)
31 (33)

3 (3.4) (reported as
fibrosis grade 3/4)
3 (2.25)
None

40 mo
1517 d

30

12 (40)

4 (13)

None

44 mo

68
51
30

121 (18)
13 (25.4)
30 (100)

61 (9)
8 (15.7)
3 (10)

None
None
None

28 mo
26 mo
3.5 yr

16

9 (60)

5 (33)

2 (12.5)

28.1 mo

1

De novo. HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

the incidence, prevalence and the mechanism of de novo
NAFLD or NASH remains unclear and there is an
emerging need for studies in this area.

patients’ to increased risk of infection. With the growing
number of NAFLD and NASH patients’ post-LT, it is
expected that more studies would emerge in the upcoming years that would be high-powered to provide further
details on these issues.

Influence of NAFLD/NASH on outcomes after liver
transplantation
Data suggests that the outcome of LT in patients who
undergo transplant for most common causes of cirrhosis
in the United States, including cholestatic liver disease
(primary biliary cirrhosis, primary sclerosing cholangitis),
alcoholic liver disease, and HCV are excellent, with one
year survival rates of 85%-90% and five year survival
rates of 70%-80% respectively[6,68]. Review of literature
for patients undergoing LT for NASH cirrhosis shows
mortality after transplant to be similar at five years when
compared with patients undergoing transplant for other
indications, however the one and three year mortality in
NASH cirrhosis patients were significantly higher[68]. Malik et al[68] reported a higher one year mortality in NASH
patients with age ≥ 60 years and BMI ≥ 30 kg/m2 with
diabetes and hypertension. A more recent review of
transplant patients by Charlton et al[6] however reports
survival at one year and three years after LT for NASH
to be 84% and 78%, respectively and similar for other indications. They also report that patient and graft survival
was similar to values for other indications when adjusted
for age, sex, BMI and serum creatinine. There is, however, a higher incidence of cardiac events following LT in
a subset of patients with higher BMI, elevated serum creatinine, diabetes, systolic blood pressure elevation, hypercholesterolemia, and these may represent to some extent
the cause of poor outcomes in LT patients with NASH
cirrhosis[69]. Malik et al[68] reported statistically significant
differences in infection as the cause of death is NASH
cirrhosis patients post-LT when compared with other
indications and explain the likely cause to be elevated
hyperglycemia and diabetes which may predispose these

WJT|www.wjgnet.com

Management of NAFLD patients after liver transplant
Little data exists for the treatment of NAFLD patients’
post-LT. All recommendations for management of
NAFLD post-transplant are a reflection of studies done
on the non-LT population and can be divided into three
broad categories: Lifestyle modifications, Pharmacotherapy and Bariatric Surgery.
Lifestyle modifications: The mainstay of medical
management includes weight reduction through physical
activity and diet modification and pharmacological management of medical co-morbidities such as hypertension,
hypercholesterolemia and diabetes[4]. A low-carbohydrate
(< 60 g of carbs/d) low caloric diet when compared with
high carbohydrate (> 180 g of carbs/d) low caloric diet
has been shown to lead to a more pronounced reduction
in intrahepatic triglyceride content and improves insulin
sensitivity[70]. Weight loss has also been shown to improve
hepatic steatosis and inflammation with weight loss of
3%-5% showing improvement in steatosis and 7%-10%
weight loss showing improvement in the level of steatohepatitis[13]. Physical activity has an important effect on
the level of NAFLD and should be encouraged in patients. Moderate and vigorous activity was compared with
controls that were generally inactive. This study showed
that vigorous activity was beneficial in preventing progression to fibrosis in NAFLD patients over moderate
activity[71] and thus should be encouraged. The role of
caffeine in coffee has also been evaluated in patients with
NAFLD. Molloy et al[72] showed that when comparing 4
different groups (controls, bland steatosis/not-NASH,
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NASH stage 0-1, and NASH stage 2-4), there was a significant reduction in the risk of fibrosis among patients
with higher coffee consumption per day.

normalization of aminotransferase and cholesterol levels
after follow-up for eight months[83] whereas another trial
in NASH patients receiving simvastatin 40 mg/d demonstrated no significant differences in hepatocellular structure and aminotransferase levels when compared with
placebo over a duration of one year[84]. Based on conflicting reports, AASLD has recommended against the use of
statins in the treatment of NASH until more randomized
clinical control trials can demonstrate its efficacy[13].
Ursodiol or ursodeoxycholic acid, approved for the
treatment of primary biliary cirrhosis, has also been
evaluated for NASH patients and trials thus far have not
demonstrated significant differences in overall histology[85,86].
Pentoxifylline, a drug that inhibits the synthesis of
TNF-α which is thought to be associated with possible
progression to fibrosis[87] in NAFLD patients has also
been studied for the treatment of NASH. A recent randomized control trial evaluated pentoxifylline 1200 mg/d
compared to placebo in biopsy-confirmed NASH patients over a course of one year and found improvements
in aminotransferase levels and histologic features from
baseline but these were not significant when compared to
placebo[88].
Use of pharmacological intervention to augment
weight loss in NASH and NAFLD patients with orlistat
has also shown improvement in steatosis and aminotransferase levels[89], however it is most likely the observed
changes were associated with weight loss rather than the
drug itself.

Pharmacotherapy: The use of insulin sensitizing medications including metformin and thiazolidinedione has
been evaluated in patients with NAFLD and NASH. Although metformin use had been associated with normalization of aminotransferases and improvement in liver
echographic findings in prior studies[73,74], pooled results
from meta-analysis have found no significant improvement on steatosis, inflammation or fibrosis in metformin
treated patients with NASH[75]. The study concluded that
in patients without diabetes, targeted lifestyle interventions might be at least as beneficial as metformin and
there is little evidence to suggest benefit of metformin
in patients with NAFLD without pre-existing glucose
intolerance regardless of the dose. Thiazolidinediones
(TZDs), including rosiglitazone and pioglitazone, have
been evaluated in multiple studies on its benefit in NASH
patients. Rosiglitazone has however been shown to be
associated with increased rate of myocardial infarction[76] and has been removed from European markets
and highly restricted in the United States. Given the risk
factors for NASH also mirror risk factors for coronary
artery disease, rosiglitazone is likely not an optimal treatment option in patients. Pioglitazone was evaluated in a
large multicenter study[77] for 96 wk at doses of 30 mg/d
and compared with Vitamin E 800 IU/d or placebo in
patients without diabetes with NASH. This study concluded that both treatment groups (Vitamin E and Pioglitazone) demonstrated improvement in hepatic steatosis,
ballooning and inflammation, although only Vitamin E
was associated with statistically significant improvements.
Neither treatment had an effect on fibrosis but both Vitamin E and pioglitazone led to improvement in aminotransferase levels. Although Vitamin E may have a role in
the treatment of NAFLD patients without diabetes, it is
important to note that Vitamin E use has been associated
with increased all-cause mortality and prostate cancer, especially at doses of 400 IU/d or higher[78,79]. Other small
randomized control trials have also shown similar benefit
of pioglitazone at 30-45 mg/d in NASH patients with or
without diabetes demonstrating improvements in aminotransferase levels, hepatic steatosis, improved insulin sensitivity and inflammation[80,81] however no improvement in
fibrosis were noted. Additionally, unlike rosiglitazone that
has been associated with increased cardiovascular mortality[76], pioglitazone has only been associated with having
a slightly positive or neutral effect on the cardiovascular
system[82]. Based on this data, pioglitazone at doses of 30
mg/d and titrated up for glycemic control if necessary,
may be recommended for patients with NAFLD, however should be used with caution in patients with history
of heart failure and bladder cancer[82].
The use of statins has been investigated in small pilot studies for the treatment of NAFLD, although there
have been mixed results. Rosuvastatin at dose of 10 mg/
d given to NAFLD patients without diabetes, showed
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Role of bariatric surgery: As in the non-transplant
population, weight loss has its own challenges in the
post-LT population. In addition to obesity pre-transplant,
many recipients experience rapid weight gain posttransplant that leads to recurrence and de novo steatosis in
the graft liver[60]. Weight gain can partially be attributed
to immunosuppressive medication such as steroids and
calcineurin inhibitors taken to suppress the immune system post-LT. Few studies exist on the benefit of bariatric
surgery post-OLT, mostly in the form of case reports
and case series[90-93]. Duchini et al[92] reported Roux-en-Y
bypass as a successful procedure in two NAFLD patients
post-LT with morbid obesity demonstrating significant
weight reduction, normalization of liver function and
metabolic parameters, including lipid profile and hyperglycemia. A recent study from the University of Minnesota identified seven patients who underwent Roux-en-Y
gastric bypass post-LT between 2001 and 2009[93], and
reported therapeutic weight loss, improved glycemic control, and improved high-density lipoprotein in the presence of continued dyslipidemia. More studies however,
are needed for consideration of bariatric surgery in postLT patients before definite recommendations could be
made.
Choice of Immunosuppression in NAFLD patients
Many immunosuppressive regimens used in the treatment
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of post-LT patients are associated with diabetes, hypertension, hyperlipidemia, obesity and increased risk of
infection[94]. Patients who undergo LT for NASH often
have metabolic syndrome and are at increased risk for the
development of major vascular events[68]. Some studies
have shown an increased risk of recurrence of hepatocellular carcinoma[95] in addition to other known adverse
effects from steroids including diabetes, osteoporosis and
obesity. Given that steroids have been linked to much adverse effects, they should be withdrawn from maintenance
therapy within three months post-LT. Moving away from
a steroid based immunosuppressive regimen in LT patients was evaluated by Segev et al[94] in their meta-analysis
of thirty publications, including nineteen randomized control trials which showed there was no difference in death,
graft loss and infection rates in patients who were on
steroid-free regimens when compared with steroid-based
immunosuppression. Additionally, the analysis showed a
trend towards reduced hypertension and statistically significant decrease in CMV infection and cholesterol levels
in steroid-free regimens. The authors also reported that if
the steroids were replaced by another immunosuppression
medication, there is a reduced risk of diabetes, rejection
and severe rejection. This would advocate for the role of
avoidance of steroids post-LT for immunosuppression,
especially in patients with NASH cirrhosis.
Calcineurin inhibitors include tacrolimus (FK506)
and cyclosporine and act by inhibiting T-cell activation.
Although these drugs are commonly used, studies have
shown acute and chronic nephrotoxicity as a major adverse effect of both tacrolimus and cyclosporine, occurring in up to 20% of patients depending on the organ
transplanted[96]. Due to these outcomes, studies have
advocated for conversion to sirolimus therapy in patients
who develop renal insufficiency due to calcineurin inhibitors[97], however their complete avoidance has been
associated with higher rejection rates[98]. Additionally,
tacrolimus has been associated with neurotoxicity and
development of de-novo diabetes, while cyclosporine
has been associated with hypertension and hyperlipidemia[99,100].
Mycophenolic acid and Azathioprine are two other
medications commonly used post-LT however require
close monitoring due to the risk of bone marrow suppression[101] and their experience in NASH-related LT is
limited. The decision on the type of immunosuppression
regimen to be used should be based on maintaining a balance between drug toxicity and efficacy and dictated by
patient factors such as age, ethnicity and etiology of their
liver disease.

HCV and alcoholic liver disease, NAFLD is projected
to become the most common indication by 2025. The
increasing prevalence of NAFLD both pre- and posttransplant presents unique challenges for the transplant
community in terms of management and long-term
outcomes. Many risk factors for NAFLD pre-transplant
such as obesity, hypertension, hyperlipidemia, diabetes
continue to play an important role in the pathogenesis of
post-transplant NAFLD. In addition to prevention and
management of coexisting medical conditions, physicians must weigh the benefits and harms of both medical
and surgical therapies in patients undergoing LT. New
research in pharmacotherapy such as insulin sensitizing
drugs, statins, metformin and others continues to emerge,
yet more research is needed to help identify methods to
reduce and possibly reverse progression to fibrosis in
these patients. The recommendation on avoidance of
steroids and minimization of calcineurin inhibitors in this
patient population would likely be beneficial in decreasing
the risk factors associated with post-transplant NAFLD
and should be considered. Further research is still needed
to better understand the issues that affect this unique patient population.
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Coronary microvasculopathy in heart transplantation:
Consequences and therapeutic implications
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tory resistance during maximal hyperemia, which is
calculated by dividing pressure by flow (distal pressure multiplied by the hyperemic mean transit time).
Non-invasive methods to assess coronary physiology
are stress echocardiography, coronary flow reserve by
transthoracic Doppler echocardiography, single photon
emission computed tomography, and perfusion cardiac
magnetic resonance. In this review, we intend to analyze the mechanisms, consequences and therapeutic
implications of microvascular dysfunction, including an
extended citation of relevant literature data.
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Abstract

Core tip: In this review, we intend to analyze the mechanisms, consequences and therapeutic implications of
microvascular dysfunction in heart transplantation recipients, including an extended citation of relevant data
from the literature. We think that this manuscript could
be of interest for many research workers and physicians working in the field of cardiovascular surgery, cardiology and transplant medicine.

Despite the progress made in the prevention and treatment of rejection of the transplanted heart, cardiac
allograft vasculopathy (CAV) remains the main cause
of death in late survival transplanted patients. CAV consists of a progressive diffuse intimal hyperplasia and the
proliferation of vascular smooth muscle cells, ending in
wall thickening of epicardial vessels, intramyocardial arteries (50-20 µm), arterioles (20-10 µm), and capillaries
(< 10 µm). The etiology of CAV remains unclear; both
immunologic and non-immunologic mechanisms contribute to endothelial damage with a sustained inflammatory response. The immunological factors involved
are Human Leukocyte Antigen compatibility between
donor and recipient, alloreactive T cells and the humoral immune system. The non-immunological factors are
older donor age, ischemia-reperfusion time, hyperlipidemia and CMV infections. Diagnostic techniques that
are able to assess microvascular function are lacking.
Intravascular ultrasound and fractional flow reserve,
when performed during coronary angiography, are able
to detect epicardial coronary artery disease but are
not sensitive enough to assess microvascular changes.
Some authors have proposed an index of microcircula-
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INTRODUCTION
Heart transplantation (HT) is the most effective treatment for patients with end-stage heart failure. Recently,
early survival after HT has been improved through the
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Immunological response
Alloimmune injury is initiated when donor major histocompatibility antigens expressed on the surface of graft
endothelial cells interact with recipient dendridic cells, resulting in a chronic immune response[15]. Recipient CD4+
lymphocytes recognize donor major histocompatibility
complex (MHC) class Ⅱ antigens on the cell’s surface
(HLA-DR, DP and DQ) and are activated. This process
leads to a cascade of cytokines, such as Interleukin-2
(IL-2), IL-4, IL-5, IL-6, interferon-γ (IFN-γ), and tumor
necrosis factor α and β (TNF-α, TNF-β), which promote the proliferation of alloreactive T cells and stimulate the expression of other cytokines and adhesion molecules (i.e., intercellular adhesion molecule-1, ICAM, and
vascular cell adhesion molecule-1, VCAM) by the endothelium with leukocyte adhesion to the vessel wall. As a
result, the activated macrophages and lymphocytes in the
intima of the artery secrete platelet-derived growth factor and transforming growth factor, which stimulate the
proliferation of smooth muscle cells (SMCs) and vascular
remodeling[16]. Non-human leukocyte antigen (HLA) alloand auto-antibodies are an increasingly recognized component of the immune response. They are often directed
against angiotensin type-1 receptor and the endothelin-1
type A receptor and may alone induce endothelial activation, trigger proinflammatory, and both proproliferative
and profibrotic responses[17-19].

use of immunosuppressive therapy and updated surgical
procedures. Unfortunately, late survival is still limited by
the onset of malignancies and cardiac allograft vasculopathy (CAV). CAV is a specific form of coronary artery
disease that affects heart transplanted patients and is
characterized by an early, diffuse intimal proliferation of
both the epicardial and microvascular vessels, resulting in
epicardial coronary artery stenosis and small vessel occlusion[1]. The 29th Official Adult Heart Transplant Report,
edited by the Registry of Heart and Lung Transplantation, noted a relatively small decrease in the cumulative
incidence of CAV: at 7 years after transplant, 37% of the
patients transplanted between 2003 and June 2010 had
CAV, compared with 42% of those transplanted between
April 1994 and 2002. In fact, CAV affects 8% by year 1,
30% by year 5 and 50% by year 10 after transplant[2]. This
decrease seems to be related to newer approaches to CAV
treatment, such as targeting lower low-density lipoproteins (LDL)-cholesterol levels or the use of mammalian
target of rapamycin (mTOR) inhibitors or drug-eluting
coronary stents[3]. The 1-year survival rate after HT is
81%, and the 5-year survival rate is 69%, with a median
survival of 11 years for all HT patients and 13 years for
those surviving the first year. CAV causes approximately
10%-15% of the deaths between years 1 and 3 after HT
and contributes to potentially more deaths resulting from
graft dysfunction[4]. Epicardial coronary artery disease
is detectable by intravascular ultrasound (IVUS) during
coronary angiography. Coronary microvascular function
can be assessed by transthoracic Doppler echocardiography (TDE) measuring coronary flow reserve (CFR)[5].
Understanding the physiopathology of endothelial and
microvascular dysfunction in CAV plays a crucial role in
the development of new therapies.

Nitric oxide pathway
Cytokines and growth factors lead to coronary endothelial
vasodilator dysfunction through the dysregulation of the
L-arginine-nitric oxide pathway, resulting in the reduced
synthesis and bioactivity of the vasodilators in favor of
endothelium-derived vasoconstrictors such as endothelin
(ET) and thromboxane. Endothelium-derived nitric oxide
(NO) is the most potent endogenous vasodilator known.
It induces vasodilatation by stimulating soluble guanylate
cyclase to produce cyclic guanosine monophosphate and
inhibits platelet and leukocyte adherence to the vessel
wall. IFN-γ is the determinant mediator, linking endothelial dysfunction to structural changes in transplanted human arteries through the down-regulation of endothelial
NO synthase (eNOS) expression, inducible-NOS (iNOS)
activation and potentiating growth-factor-induced SMC
mitogenesis. The iNOS is not a normal constituent of
quiescent healthy cells but is expressed in a wide variety
of cell types that have been exposed to bacterial endotoxin or combinations of inflammatory cytokines. Under
conditions of reduced availability of L-arginine (the NO
precursor), the product of iNOS is the superoxide anion,
which can increase local oxidative stress and exacerbate
the inflammatory process[10,20,21]. The increased production of reactive oxygen species (ROS) is considered a
major determinant of reduced levels of NO[22]. In human cardiac allografts, enhanced endomyocardial iNOS
mRNA expression is accompanied by the expression of
nitrotyrosine protein, suggesting peroxynitrite-mediated
vessel damage. Importantly, dietary L-arginine has been
shown to attenuate the structural changes of CAV in vivo

THE ROLE OF ENDOTHELIAL FUNCTION
Coronary endothelial vasodilator dysfunction is a common finding in HT recipients and is an early marker
for the development of intimal thickening and graft
atherosclerosis. Since 1988, a paradoxical coronary vasoconstriction to acetylcholine in allograft recipients with
and without angiographic evidence of CAV has been observed[6]. Subsequently, other investigators have observed
abnormal responses (vasoconstriction and/or impairment
in coronary blood flow response) to serotonin, substance
P, cold-pressor testing, and exercise[7-10]. The impairment
of endothelial function is time-dependent. Endothelial
dysfunction is caused by both immunological and nonimmunological risk factors[11]. The immunological response is the principal initiating stimulus and results in
endothelial injury and dysfunction and altered endothelial
permeability, with consequent myo-intimal hyperplasia
and extracellular matrix synthesis. Non-immunological
events, including ischemia/reperfusion time, donor age,
donor brain death, infections (i.e., Cytomegalovirus,
CMV) and traditional risk factors such as hypertension,
dyslipidemia and diabetes, contribute to maintaining inflammatory responses and to extend vessel damage[12-14].
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and has been associated with the down-regulation of
insulin-like growth factor-Ⅰ and IL-6[10]. Recently, great
importance has been attributed to the ratio of L-arginine/asymmetric dimethylarginine (ADMA), which is an
endogenous NO synthase inhibitor. ADMA is normally
produced by the hydrolysis of proteins and degraded by
the oxidant-sensitive enzyme dimethylarginine dimethyl
aminohydrolase (DDAH)[23]. An increase in the ADMA
levels of HT patients has been observed due to an oxidative impairment of the DDAH. The loss of endothelium-derived NO permits the increased activity of the proinflammatory transcription nuclear factor kappa B (NFkB), resulting in the expression of leukocyte adhesion
molecules[22].

thelial cells and monocytes-macrophages and may exert
a dampening effect on MHC Ⅱ-mediated T lymphocyte
activation[31].

HISTOPATHOLOGICAL FEATURES
The precise interaction between host and donor endothelium remains unclear, but there is a significant amount of
data showing a partial re-endothelization from recipientderived cells, possibly as a response to allogenic stimuli
causing vascular injury[32-34]. Endothelial chimerism (the
coexistence of both donor and recipient endothelial
cells) has been shown to be much higher in the microcirculation than in larger vessels, with a predilection for
small epicardial and intramyocardial vessels, which had a
notable 3- to 5-fold-greater chimerism than their larger
counterparts. The high degree of endothelial chimerism
may have immune implications for myocardial rejection
or graft vasculopathy[33-37]. It has been hypothesized that
this replacement could lead to a decrease in alloreactivity
with a positive influence on graft outcome, but further
studies are needed[38].
A study conducted by our group investigated the correlation between levels of human endothelial circulating
progenitor cells (EPCs) and microvascular dysfunction, as
evaluated by CFR. We demonstrated that EPCs in both
the circulation and the graft decrease significantly in HT
recipients with microvascular damage. A possible explanation for this may involve humoral factors that occur in
a chronic low-grade rejection and influence mobilization,
migration, and cell survival[39,40].
Hiemann et al[41] established a grading system of microvasculopathy in post-transplantation biopsies by light
microscopy. The endothelial layer was defined as the
mono-cell layer at the inner part of the blood vessel wall.
The presence of a thin layer of cells whose diameter
was less than the diameter of the endothelial cell cores
was considered normal. Endothelial cells were graded as
thickened if the diameter of the cell layer was at least as
thick as the endothelial cell cores. The wall layer (media)
was defined as the poly-cell layer adjacent to the endothelium. The wall was graded as normal if its diameter was
less than the luminal radius. Wall thickening was classified
as non-stenotic if the ratio of the luminal radius to wall
thickness was < 3 but ≥ 1, and stenotic wall thickening
was graded if this ratio was < 1 (Table 1). Stenotic microvasculopathy was diagnosed if there was evidence of microvascular stenosis due to either endothelial thickening
or wall thickening in at least one blood vessel per field of
view on endomyocardial biopsies[41].

Non-immunological mechanisms
Non-immunological risk factors for endothelial dysfunction are the same as those observed in non-transplanted
patients, such as CMV infections, diabetes and dyslipidemia. CMV infection of seronegative HT recipients
plays an important role in CAV development. It increases
the ADMA levels, generates ROS and, through NF-kB
activation and TNF-α production, induces proinflammatory cytokines and destabilizes the mRNA message
for eNOS[24]. Donor- or recipient-related factors (e.g.,
age/gender, pre-transplant diagnosis) and factors related
to surgery (e.g., ischemia-reperfusion injury) also increase
the risk of CAV[25,26]. Diabetes mellitus is present in 28%
of recipients at 1 year after HT and in 40% of patients
at 5 years after HT[4]. Risk factors for new-onset diabetes
include pre-transplant blood glucose of > 5.6 mmol/L, a
family history of diabetes, being overweight, and the pretransplant use of immunosuppressive drugs, particularly
calcineurin inhibitors and corticosteroids[27].
Insulin resistance impedes the removal of triglycerides
(TG) from very-low-density lipoproteins (VLDL) that
are in circulation, resulting in hypertriglyceridemia and
high VLDL concentrations. This impedance increases
the transfer of cholesterol from high-density lipoproteins
(HDL), thus decreasing the HDL concentrations and
forming small cholesterol-depleted LDL[28]. These small
dense LDL particles are rich in TG but contain relatively
little cholesterol and are not readily cleared by the physiological LDL receptor; these particles are highly atherogenic[29]. Markers of metabolic syndrome such as a TG/
HDL ratio of ≥ 3 and levels of C-reactive protein (CRP)
> 3 mg/L are considered markers of insulin resistance
and may lead to endothelial dysfunction and the development of CAV[28]. Hyperlipidemia occurs frequently in
HT recipients, with pre-existing or similar conditions to
treatment with calcineurin inhibitors and corticosteroids.
Hyperlipidemia leads to an increased intimal thickening,
but there is only limited evidence that shows its direct
association with CAV development[28]. Importantly, the
benefits from statin therapy are well documented. Early
treatment has been reported to be beneficial to first-year
survival and has helped reduce severe rejection, thereby
decreasing the development of CAV[30]. Statins inhibit
MHC Ⅱ induction by IFN-γ on primary human endo-
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Microvascular disease can be detected in HT recipients
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international society of heart and lung transplantation
(ISHLT) guidelines has suggested CFR during coronary
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tacrolimus) in combination with an antiproliferative agent
[mycophenolate mofetil (MMF) or azathioprine (AZA)]
with or without corticosteroids[59]. Cyclosporin (Cy-A)
was the first immunosuppressive drug that had an important impact on the result of clinical HT by reducing
the incidence and severity of rejection. Cy-A is known to
impair endothelial function by increasing the release and
response to vasoconstrictors, impairing the synthesis of NO,
and generating free radicals. It may also result in increased
ET levels and an impaired vascular response to NO[60-63].
Kobashigawa et al[64] showed that the five-year survival and
incidence of angiographic CAV were similar between
groups treated with microemulsion Cy-A- or tacrolimus.
In a study by Meiser et al[65], a more pronounced intimal
proliferation was detected in the group treated with Cy-A
and MMF than in the tacrolimus-MMF-treated group.
Moreover, microvascular endothelial function deteriorates
more in Cy-A-treated patients than in tacrolimus-treated
patients, a finding that correlates with the enhanced ET-1
concentration and reduced vascular remodeling[65-67]. The
progression of CAV is slower in patients randomized to
receive MMF instead of AZA. The combination of Cy-A
and MMF was associated with a 35% reduction in 3-year
mortality or graft loss compared with patients treated
with Cy-A and AZA[68]. MMF-treated HT patients, when
compared to AZA-treated patients, both treated concurrently on Cy-A and corticosteroids, have significantly less
progression of first-year intimal thickening[69]. In terms of
CAV prevention, MMF is superior to AZA in both combinations. A trend toward improved survival in MMF patients was noted. The lower number of rejection episodes
in the MMF groups may have contributed to these results.
MMF is associated with the reduction of leukocyte
adhesion to the graft endothelium and inhibition of the
proliferation of SMCs[70-72]. Rapamycin therapy has been
associated with improved coronary artery physiology at
the level of both the epicardial artery and the microvasculature soon after HT[73]. Proliferation signal inhibitors
(PSIs), e.g., sirolimus and everolimus, may have the potential to reduce the incidence of microvasculopathy and,
later, of CAV. In a 2-year randomized clinical trial, the
use of sirolimus was associated with fewer acute rejection
episodes and a significant absence of the progression
of intimal plus medial proliferation compared with the
use of AZA[74,75]. These drugs were also associated with
a lower rate of CMV infection[76,77]. The occurrence of
malignancies after HT is a well-described consequence of
immunosuppression that affects the long-term prognosis
of HT recipients. Patients on mTOR inhibitors, a class
of drugs that has been experimentally proven to have
both immunosuppressive and potent antitumor effects,
developed significantly fewer malignancies, as expected
due to the drug’s mechanism of action[78]. In a recent retrospective study, Fröhlich et al[79] demonstrated that statin
use is also protective against malignancies. Hypercholesterolemia and hypertriglyceridemia may occur in HT recipients who are treated with sirolimus, but the presence
of these side effects did not appear to impair its ability to
slow the progression of CAV[80]. Everolimus is an analog

Table 1 Different definitions of microvasculopathy
Author

Microvessels
diameter (µm)

Microvasculopathy assessment

Drakos et al[97]

< 60

Escaned et al[96]

< 100

Hiemann et al[41]

10-20

Microvascular density
(number of microvessels/total
tissue analysis area)
Arteriolar density, capillary and
arteriolar obliteration index
Luminal radius/medial thickness
<1

angiography as an option for detecting microvascular disease in HT recipients who are suspected of having CAV,
but its routine use has not yet been widely instituted[31,42].
CFR is the ratio of the maximum stress flow (during
intravenous adenosine vasodilator stress) to the rest flow
for a given arterial distribution with or without a stenosis
or diffuse narrowing, and it could be performed in more
quickly and less expensively using TDE[43,44]. Our group
demonstrated that microvascular dysfunction, as evaluated by CFR measured in the distal portion of the left anterior descending coronary artery (LAD), correlates with
intimal hyperplasia measured by IVUS in patients with
physiologically normal epicardial coronary arteries[45-47].
Dobutamine stress echocardiography (DSE) is a useful technique for HT recipients unable to undergo an
angiogram for CAV detection. For CAV detection, the
sensitivity and specificity of DSE have been shown in
different studies to vary from 67% to 95% and from 55%
to 91%, respectively[48-50]. However, its ability in detecting
microvascular graft disease is still uncertain[51].
Another noninvasive test is dual-source computed
tomography, which showed a sensitivity of 100%, a
specificity of 92%, a positive predictive value of 50%, a
negative predictive value of 100%, and a global accuracy
of 93% in detecting CAV. Similar to DSE, its predictive
value in microvascular dysfunction is not well established[52].
Magnetic resonance perfusion imaging with myocardial perfusion reserve (MPR) analysis showed a significant correlation with CFR when invasively evaluated.
Muehling and colleagues analyzed the resting endomyocardial/epimyocardial perfusion ratio (Endo/Epi
ratio), which is decreased in impaired coronary circulation. CAV can be excluded by an MPR of > 2.3 with a
sensitivity and specificity of 100% and 85%, respectively,
and an Endo/Epi ratio of > 1.3 with a sensitivity and
specificity of 100% and 80%, respectively[53,54].

MEDICAL TREATMENT
CAV prevention requires a combination of immunosuppressant agents, the prevention of CMV infection and a
reduction in common cardiovascular risk factors[25,42,55].
Endothelial dysfunction is an early marker and contributes to the development of CAV[6,56-58]. Standard immunosuppression after cardiac transplantation includes
a calcineurin inhibitor (CNIs, such as cyclosporin or
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of sirolimus. Several studies demonstrated a decreased
severity and incidence of CAV in HT recipients receiving immunosuppressive therapy with everolimus. It was
compared with AZA in the largest trial conducted thus
far for HT, which randomized 634 patients. This study
showed that both average intimal thickening by IVUS
and the incidence of acute rejection at 6 mo after HT
were significantly lower in patients receiving everolimus[74,81,82]. Prophylaxis consisting of CMV hyperimmune
globulin plus ganciclovir has been associated with decreased intimal thickening and reduced coronary artery
disease[83].
Of the recommendations made by the ISHLT regarding CAV management, only statin therapy had a level of
evidence A[42]. In several studies, cholesterol and TG have
been proven to directly correlate with the development
and progression of CAV[84]. It is currently advocated that
statins should be given soon after HT, when the most
rapid expansion of intimal hyperplasia occurs. Different
statins have been associated with the reduced progression
of CAV. Simvastatin improved the 8-year survival in HT
recipients[85]. A one-year trial in 92 patients randomized
to pravastatin or no 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor showed not only lower mean
cholesterol levels but also less intimal thickening by IVUS
as well as less frequent high-grade acute rejections and
rejections with hemodynamic compromise[86].
The vasculoprotective effects of statins are likely
mediated by multiple immunogenic effects. The immunomodulating effects of statins in the presence of
Cy-A include the suppression of T-cell responses[87], the
reduction of chemokine synthesis by mononuclear cells
in the peripheral bloodstream, and the inhibition of the
expression of MHC-Ⅱ genes[88]. Simvastatin inhibits the
proliferation of SMCs, which is an important process in
the pathogenesis of the atherosclerotic lesion. Moreover,
simvastatin has been shown to have a direct influence
on the gene expression of ET-1 in cultivated endothelial
cells, leading to improved endothelial function and thus
protecting against atherosclerosis and microvasculopathy[89]. Another direct positive effect of simvastatin in the
atherogenesis process is that it reduces monocyte adhesion to endothelial cells, which is one of the initial steps
in the development of atherosclerotic plaques[90].
The use of calcium channel blockers or angiotensinconverting enzyme inhibitors (ACE-Is) decrease the incidence of CAV detected by IVUS[91]. Additionally, the use
of calcium channel blockers decreases angiographically
detected CAV 2-years after HT[92]. ACE-Is partially improve allograft microvascular endothelial dysfunction, reduce oxidative stress, and down-regulate endothelial ET-1
release[93], and their use has been associated with plaque
regression[94] and improved graft survival[30]. The combined use of an ACE-I and a calcium-antagonist is more
effective than the individual use of either drug alone on
CAV development. Large randomized clinical trials are
warranted to evaluate the possibility of this synergistic efficacy[95].
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CONCLUSION
Coronary microvascular function has an impact on longterm graft survival after HT. Microvascular vessel disease
has been demonstrated by histological findings of stenotic microvasculopathy and evaluated by non-invasive
CFR[41,45,96]. The potential influence of combined immunosuppressive regimens, lipid-lowering agents, or ACEIs and/or calcium-antagonists on microvessel response
is therefore of major interest. More trials are needed for
microvasculopathy prevention and/or CFR preservation
and to reduce the negative prognostic impact on the survival of HT recipients.
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Transplant options for patients with type 2 diabetes and
chronic kidney disease
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the place of simultaneous pancreas kidney (SPK) transplantation in well selected patients. The initial hesitations about the different pathophysiology of T2DM have
been forgotten due to the almost similar short- and
long-term results with T1DM patients. However, there
is still a long way and a lot of ethical and logistical issues before establishing SPK transplantation as an ordinary treatment for T2DM patients. In addition recent
advances in bariatric surgery may offer new options for
severely obese T2DM patients with CKD. Nevertheless,
the existing data for T2DM patients with advanced CKD
are rather scarce and bariatric surgery should not be
considered as a cure for diabetic nephropathy, but only
as a bridge for renal transplantation.
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Abstract
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Chronic kidney disease (CKD) has become a real epidemic around the world, mainly due to ageing and diabetic nephropathy. Although diabetic nephropathy due
to type 1 diabetes mellitus (T1DM) has been studied
more extensively, the vast majority of the diabetic CKD
patients suffer from type 2 diabetes mellitus (T2DM).
Renal transplantation has been established as a first
line treatment for diabetic nephropathy unless there are
major contraindications and provides not only a better
quality of life, but also a significant survival advantage
over dialysis. However, T2DM patients are less likely to
be referred for renal transplantation as they are usually older, obese and present significant comorbidities.
As pre-emptive renal transplantation presents a clear
survival advantage over dialysis, all T2DM patients with
CKD should be referred for early evaluation by a transplant center. The transplant center should have enough
time in order to examine their eligibility focusing on
special issues related with diabetic nephropathy and
explore the best options for each patient. Living donor
kidney transplantation should always be considered as
the first line treatment. Otherwise, the patient should
be listed for deceased donor kidney transplantation. Recent progress in transplantation medicine has improved
the “transplant menu” for T2DM patients with diabetic
nephropathy and there is an ongoing discussion about
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Core tip: Kidney transplantation has been established
as a first line treatment for patients with type 2 diabetes mellitus (T2DM) and diabetic nephropathy, as it is
accompanied with a significant survival advantage over
dialysis. Pre-emptive living donor kidney transplantation
should be the ultimate goal unless there are obvious
contraindications and all patients should be referred for
early evaluation by a transplant center. There is an ongoing debate about the exact role of simultaneous pancreas kidney transplantation. At the moment it should
be offered only in well selected T2DM patients. Bariatric
surgery may serve as a bridge for renal transplantation
for severely obese T2DM patients with chronic kidney
disease.
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the need of dialysis it is referred as pre-emptive KT[22];
(2) simultaneous pancreas kidney (SPK) transplantation, where there is a combined transplantation of both
organs, coming usually from the same donor, during a
single operation. The origin of the grafts is usually from
deceased donors, but there are also reports of segmental
pancreatic grafts from living donors[23].
The pros and the cons of both options will be discussed in details below in separate sections of this review.
The contraindications include the general contraindications for any organ transplantation, such as the presence of malignancy, active infection, psychiatric disease,
drug/alcohol dependence, morbid obesity and untreated
or end-stage organ damage with special emphasis on
cardiovascular comorbidities[24,25]. Age should not be considered as an absolute contraindication for renal transplantation[8] but the increased rates of medical and surgical complications and the lower graft survival rates[5,6,8,25],
should be clearly explained in elderly diabetic candidates
although some other studies did not confirm these results. Most transplant centers do not accept diabetic
patients older than 45-50 years for SPK[13,15] although
there are reports of SPK transplantation in patients over
this limit. In 2010 the international pancreas transplant
registry (IPTR) reported that 2% of pancreas transplant
recipients were older than 60 years at the time of transplantation[12].
Obesity [body mass index (BMI) > 30-35 kg/m2] has
also been considered as a relative contraindication for
transplantation in diabetic patients as it is accompanied
with inferior outcomes for both KT[26,27] and SPK[28] mainly
due to surgical complications. However, only morbid obesity (BMI > 40 kg/m2) should be considered as an absolute contraindication. Recent advances in bariatric surgery
can ameliorate this contraindication and make even obese
T2DM patients eligible for transplantation[29,30]. This important issue will be discussed in the end of this review.
As T2DM patients with diabetic nephropathy present increased cardiovascular morbidity and mortality, the
pre-transplant evaluation should focus on the presence
and the severity of coronary and peripheral artery disease.
Although, there is no consensus regarding the optimal
protocol for cardiovascular risk stratification, most transplant centers refer the candidates for cardiac stress testing
and/or coronary angiography, especially in ages older than
55-60 years as well as dyslipidemia, history of smoking
and presence of cerebrovascular or peripheral vascular
disease[6,24]. However, the provocative study of Patel et al[31]
has challenged this approach reporting that aggressive
pre-transplant testing and coronary interventions did not
translate into better outcomes post transplantation in
high risk patients.
Peripheral arterial occlusive disease and carotid arteries stenosis examination by ultrasound examination are
also mandatory in the pre-transplant evaluation. Many
centers suggest a more thorough examination in high risk
patients by CT or MR angiography or even intra-arterial
angiography[6,24].
All possible advantages of transplantation should be

INTRODUCTION
Chronic kidney disease (CKD) has become a real epidemic
around the world, mainly due to ageing and diabetic nephropathy[1-3]. Although diabetic nephropathy due to type
1 diabetes mellitus (T1DM) has been studied more extensively, the vast majority (90%-95%) of the diabetic CKD
patients suffer from type 2 diabetes mellitus (T2DM).
Currently, about 40%-45% of the dialysis (hemodialysis
or peritoneal dialysis) population is diabetics and present
increased morbidity and mortality compared with other
causes of CKD[1-6]. In addition diabetic patients comprise
almost 40% of the transplant waiting lists nowadays[7].
Diabetic CKD patients undergoing dialysis present
excessive morbidity and mortality mainly due to cardiovascular complications[3-6]. Several years ago, diabetic
nephropathy was considered as a relative or absolute contraindication for renal transplantation, due to increased
rates of cardiovascular and infectious complications
and unacceptable morbidity and mortality. However,
the landmark study of Wolfe et al[8] has shown that renal
transplantation provided a clear survival advantage for diabetics with end-stage renal disease (ESRD) and reduced
mortality by 73% compared with patients remaining on
the waiting list. The projected life expectancy was more
pronounced for younger diabetics (presumably T1DM)
reaching a gain of 17 years, whereas the gain was also significant even for patients older than 60 years (presumably
T2DM).
Pancreas transplantation and especially simultaneous
pancreas kidney (SPK) transplantation outcomes have
seen a dramatic improvement regarding both allograft and
patient survival, mainly due to advances in immunosuppression and surgical techniques[9-12]. Historically, pancreas
transplantation was considered as a relative if not absolute
contraindication for T2DM[7] but current data provide
evidence that it can also be offered to well selected T2DM
patients with CKD with comparable outcomes[7,12-14]. So,
the transplant menu for T2DM patients has been expanded, but the best transplant option is still uncertain[15].
This is an update regarding current trends in transplant medicine for T2DM patients with CKD and is
based on the studies published in details in peer-reviewed
journals, several previous review articles[4-7,16-18] and novel
data[14,19-21] which may change our attitudes and policies
regarding the management of this frail CKD population.

PRE-TRANSPLANT EVALUATION
There is hard evidence that pre-emptive renal transplantation presents a clear survival advantage over dialysis
and all T2DM patients with CKD should be referred for
early evaluation by a transplant center[6]. The goal of the
pre-transplant risk evaluation is to determine whether
the T2DM candidate is eligible for transplantation and
discuss all the potential transplant options which may
include: (1) kidney transplantation. The kidney allograft
may origin from a deceased donor (DDKT) or by a living donor (LDKT). If the operation takes place before
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ESRD. Cosio et al[35] has shown that diabetic patients who
have undergone renal transplantation have significantly
increased rates of post-transplant cardiovascular events,
cardiovascular mortality and all-cause mortality. It is also
noteworthy that most cardiovascular events or deaths
usually appear during the first three post-transplant
months when the most important complications such as
rejection or infections present a peak[8,35,36]. All these data
highlight the importance of a thorough pre-transplant
evaluation, which may detect early and potentially reversible abnormalities. In addition elderly T2DM patients
with advanced CKD may present significantly decreased
survival after renal transplantation rising ethical issues regarding allocation policies in an era of graft shortage and
increased demand around the world.
Immunosuppressive regimens for T2DM patients do
not show any difference compared with other populations. However, there is a current trend for steroid free or
steroid avoidance protocols which may not aggravate glycemic control. These policies have not yet been translated
into better long-term outcomes.
Hypertension and hyperlipidemia are also highly
prevalent in diabetic patients post-transplantation and
they should be treated aggressively. However, diabetic
transplant recipients present higher rates of hyperkalemia
after renin angiotensin system inhibition[4-6].
Glycemic control should also be intensified as hyperglycemia has been associated with worse outcome. However, optimal targets for renal transplantation have not
been set yet and transplant physicians usually follow the
guidelines for the general population.

carefully balanced against the potential complications of
the surgical procedure and the long-term side-effects of
immunosuppression[15]. A state of the art approach is to
refer the patient with advanced diabetic nephropathy to
the transplant center early, when his estimated glomerular
filtration rate is about 25-30 mL/min in order to provide
enough time for evaluation of both the transplant candidate and any potential living donors[6]. However, most
T2DM patients with CKD are not referred early even
to a nephrologist and the above policy remains rather
elusive. Nevertheless, by an early referral, the transplant
team can evaluate more thoroughly the diabetic candidate
and order more complicated investigations such as coronary angiography, without increasing the risk of premature start of dialysis[6]. In addition, early referral will also
provide time to search for LDKT with the most suitable
donor or even alternative options for pre-emptive transplantation in cases of immunologically incompatible but
still qualified donors, such as kidney paired donation[32].
As SPK transplantation may also be an option for selected T2DM patients with CKD, all available data should
be discussed with the transplant candidate. It should be
emphasized that SPK transplantation is surgically more
challenging compared with kidney transplantation, is accompanied with increased rates of complications and the
short- and long-term outcomes should be reported in an
unbiased way. However, it is not a standard procedure for
most transplant centers and the patient may need to be
referred to a more experienced center.
Regarding T2DM patients eligible for transplantation the United Network for Organ Sharing (UNOS)
has defined the following criteria for SPK: (1) insulin
therapy and C-peptide level < 2 ng/mL; or (2) insulin
therapy with C-peptide level > 2 ng/mL and BMI < 28
kg/m2[13,14,19,33]. The initial concern regarding pancreas
transplantation in T2DM patients was insulin resistance
that prevails in this type of DM and may result in lower
pancreas allograft survival due to β cell exhaustion from
the increased insulin demands[15,21]. These concerns and
the discussion about the pros and the cons of SPK transplantation are discussed later in this review.

SPK TRANSPLANTATION FOR T2DM
PATIENTS WITH CKD
By the end of 2010 more than 35000 pancreas transplantations had been reported to the IPTR with the vast majority (24000) performed in the United States[12].
Historically, pancreas transplantation was considered
as a relative if not absolute contraindication for T2DM[7].
This concept relied on the pathophysiology of T2DM
where insulin resistance has been considered as the prevailing disorder and these patients do not seem to need
extra insulin but a better responsiveness of the peripheral
tissues to it. However, the classification of diabetes is not
always so simple and many patients present with overlapping clinical syndromes. In addition, even in the long-run,
not a few T2DM patients may become dependent on
exogenous insulin due to pancreatic b-cells exhaustion.
Although the classical phenotype of T2DM with CKD
is characterized by advanced age and obesity, there are
many patients who do not fit on this model and may be
seen as candidates for pancreas transplantation.
Initial reports about SPK transplantation in T2DM were
based on cases of “unrecognized” T2DM[7]. The IPTR
started to be record data about the type of diabetes since
1994. The overall rate of pancreas transplantation in T2DM
patients has shown an increase from 2% in 1995 up to 7%

KIDNEY TRANSPLANTATION FOR T2DM
PATIENTS WITH CKD
Kidney transplantation is not a “panacea” for T2DM
patients with CKD. Although pre-emptive renal transplantation[34], offers a significant survival advantage for
all (diabetics and non diabetics) CKD patients, diabetic
CKD patients present inferior survival rates compared
with other populations. Becker et al[22] have reported that
the patient survival benefits of pre-emptive transplantation are more pronounced in LDKT than in DDKT (RR
= 0.685; P = 0.001). However renal graft survival did
not present significant differences in pre-emptive transplantation except LDKT (RR = 0.81, P = 0,09)[22]. The
main reason for these poor outcomes is the accumulated
cardiovascular burden during the era before reaching
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Table 1 Selected data from pancreas transplantation single-center and database studies in type 2 diabetes mellitus patients
Ref.

2

PTx Era

Number
of PTx (n )

Age at PTx
(yr)

BMI (kg/m )

Follow-up (yr)

Pancreas survival
rates (yr)

Patient survival rates
(yr)

Light et al[37]

1989-1999

30 SPK

40 ± 9.31
41.7 ± 6.62

24.8 ± 5.41
25.5 ± 42

3.8

Light et al[38]

1989-2004

38 SPK

1989-2008
1994-2002

> 15-20
4.3

82% (1)1
100% (1)2
82% (5)
95% (5)
73% (5)1
70% (10)2
75.8% (> 10)
94% (1)
71% (3.3)

Singh et al[40]

2002-2007

58 SPK
7 SPK
4 PAK
6 PTA
7 SPK

24.8 ± 5.41
23 ± 4.52
26.1 ± 4.4
27.2 ± 5

> 10

Light et al[20]
Nath et al[39]

40 ± 9.31
37.9 ± 8.72
42.8 ± 8.4
52.5 ± 8.4

82% (1)1
95% (1)2
82% (5)
95% (5)
67% (5)1
56% (10)2
58.60% (> 10)
65% (3.3)

51 ± 2.9

ND

3.3

71% (3.3)

Chakkera et al[41]
Margreiter et al[21]

2003-2008
2000-2009

10 SPK
21 SPK

51.9 ± 9
53.6 ± 5.9

27 ± 3
25.1 ± 3.3

1.3
7.3 ± 3

Sampaio et al[14]

2000-2007

582 SPK

47 (40-52)

3.7

Wiseman et al[19]

2000-2008

424 SPK

18-34 = 6.1%
35-49 = 54%
50-59 = 39.9%

< 18.5 = 2.8%
18.5 to 25 = 43.9%
25 to 30 = 36.2%
> 30 = 17.15
24.7 ± 2.8

100% (1)
81.8 (1)
75.9 (5)
-

86% (1)
71% (3.3)
100% (1)
90.5 (1)
80.1 (5)
67% (5)

5

87.7 (1)
83.6 (5)

82% (5)

1

Data for non African-Americans; 2Data for African-Americans. PTx: Pancreas transplantation; PAK: Pancreas after kidney; PTA: Pancreas transplant alone;
SPK: Simultaneous pancreas kidney.

in 2010. According to the same database, in 2010 approximately 8% of SPK, 5% of pancreas after kidney (PAK) and
1% of pancreas transplant alone (PTA) were performed in
T2DM patients. T2DM patients who underwent PAK or
SPK were older than T1DM patients, whereas there were
no age differences between the two groups for PTA. As
expected, T2DM patients had a longer duration of DM (22
± 8 years) and significantly higher BMI[12].
The usefulness of SPK in T2DM patients with
CKD can not be justified by evidence from randomized
controlled studies and is based on several single center[20,21,37-41] and two recent database studies[14,19] which will
be analyzed in details (Table 1). The main problem of
all these studies is that they rely on different approaches
regarding the classification of diabetes, which are based
on several clinical or laboratorial criteria not validated in
CKD and different demographics. There is an ongoing
debate about the usefulness of C-peptide for the diagnosis of diabetes as there is evidence that not a few T1DM
patients may present measurable serum levels [42] and
many T2DM patients may also present with undetectable
serum levels after many years post-diagnosis. Covic et al[43]
have confirmed these data in CKD patients making the
situation even more complicated.
In addition, traditional exclusion criteria for SPK such
as age > 50 years and BMI > 30 kg/m2 which were applied in the first studies, tend to be ignored in the more
recent reports, making the interpretation of the short and
long-term outcomes not so easy.

pooled data about outcomes of T2DM patients who
underwent SPK transplantation. In 2001 they presented
data for 30 patients classified as T2DM according to
C-peptide levels > 0.8 ng/mL and compared them with
a group of 89 patients with lower C-peptide levels over
a 10 years period[37]. C-peptide levels were not crucial
for the decision to proceed with SPK transplantation in
their center. There were no differences between the two
groups regarding patient and graft survival rates, although
T2DM patients tended to be older and heavier (not statistically significant differences). In 2005 the same group
extended their follow-up period and reported outcomes
in 38 SPK recipients[38]. Outcomes at 5 and 10 years post
transplant did not show significant differences and the
authors suggested that decisions about SPK transplants
should not be based on C-peptide levels, but on general
acceptance criteria. In 2013 they reported a 20 years experience of SPK transplantation based on data from 173
patients[20]. The T2DM group included 58 patients who
underwent transplantation from 1989 through 2008 with
the same inclusion criteria (C-peptide levels > 0.8 ng/
mL). According to this analysis T2DM patients presented
better pancreatic graft survival (P = 0.064) but lower patient survival (0.019) during the extended follow-up period. There are no definite explanations for these results,
but it is noteworthy that T2DM patients presented lower
rejection rates. Moreover, the T2DM group included
more African-American and was older, heavier and had a
shorter duration of insulin dependence. The authors concluded that C-peptide should not be a marker for SPK
candidacy and transplant centers should base their decisions on general criteria which prove whether the diabetic

Single-center studies
Light et al[37] were the first who attempted to publish
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patient can tolerate the surgical procedure and adhere to
the complex follow-up post-transplant.
Nath et al[39] reported a cohort of 17 T2DM patients
who underwent pancreas transplantation from 1994
through 2002. Seven patients underwent SPK, 4 patients
PAK and 6 patients PTA. The authors adopted the
american diabetes association and World Health Organization criteria for T1DM and T2DM and did not rely on
C-peptide levels[39]. Three patients were on oral hypoglycemic agents at the time of transplantation. Although 1
patient died during the peri-operative period (aspiration
pneumonia) the other pancreas recipients presented excellent graft survival rates (94%). Long-term follow up
(4.3 years) showed a patient survival rate of 71% and a
pancreas survival rate of 63%.
Singh et al[40] stratified a cohort of 74 SPK transplants
from 2002 through 2007 into two groups according to
C-peptide cut-off levels of 2 ng/mL. They wisely did not
use the terms T1DM or T2DM but they isolated a subgroup of SPK recipients of “insulin requiring diabetic
patients with C-peptide production” for further analysis.
So, they reported short- and long-term outcomes in 67
patients with “no” C-peptide (mean 0.2 ± 0.4, range 0-1.9
ng/mL) and 7 patients with C-peptide production (mean
5.7 ± 2.7, range 2.5-9.5 ng/mL). Their selection criteria
for SPK transplantation included insulin requirement for
at least 5 years, daily dose < 1 U/kg, age < 60 years, and
absence of severe comorbid conditions, but not C-peptide
levels. Patient survival was better in the “no” C-peptide
group at 3 mo, 1 year and last follow-up (40 mo), whereas death-censored kidney and pancreas graft survivals
did not present significant differences between the two
groups. However, there were significant differences between the two groups before SPK transplantation, which
have definitely influenced outcomes. The group with the
C-peptide production included more African-Americans,
was older, heavier and had a shorter duration of diabetes
and a longer dialysis vintage.
Chakkera et al[41] reported a cohort study of 80 patients who underwent SPK transplantation from 2003
until 2008. Among them, 10 patients were identified as
T2DM patients according to a composite metric which
included clinical criteria (absence of ketoacidosis and use
of oral antidiabetics), presence of measurable C peptide
levels and negative glutamic acid decarboxylase antibodies
(anti-GAD65). Patients were eligible for SKP, if BMI was
lower than 30 kg/m2 and needed < 1 U/kg of insulin per
day. T2DM patients presented excellent (100%) 1 year
pancreas survival as well as T1DM patients (96%) and
equal renal graft survival rates after a 16 mo follow-up
period. The authors also commented on the usual value
of the C-peptide cutoffs in the diagnosis of T1DM (< 0.8
ng/mL) and highlighted that there was a significant overlap of C-peptide levels among T1DM (almost 15% had
detectable levels and 8% > 0.8 ng/mL), whereas 30% of
the T2DM patients presented low C-peptide levels (< 2
ng/mL) and could be misclassified as T1DM.
Margreiter et al[21] have recently reported their experience from 195 T1DM and 21 T2DM patients who un-
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derwent SPK transplantation during a nine years period
(2000-2009) in Austria. The vast majority (30/32) of the
T2DM patients were on exogenous insulin therapy and
had a history of oral antidiabetic agents for at least 6
months. Only 2 patients were receiving oral antidiabetics
at the time of transplantation. The main criteria for the
diagnosis of T2DM were measurable fasting C peptide
levels and absence of autoantibodies for diabetes. All patients presented a low cardiovascular risk profile and were
eligible for SPK if BMI was lower than 32 kg/m2. The
authors compared outcomes with T1DM patients who
underwent SPK transplantation (n = 195) and T2DM
patients who underwent DDKT alone (n = 32) during
the same period. Although pancreas allograft survival
was lower in T2DM patients, it did not reach statistical
significance. In a univariate analysis, the T1DM group
presented better patient and kidney survival compared
with the other groups. However, in a multivariate analysis
model the statistical significance was lost, when data were
adjusted for various important confounding variables
such as donor and recipient age, secondary complications
of diabetes, waiting time, delayed graft function etc.
Selected data for comparison from all these studies
are shown in Table 1.
Database studies
Sampaio et al[14] studied outcomes of SPK transplantation during the period between 2000 and 2007 using data
from the UNOS database. Among 6756 SPK transplants
there were 582 T2DM cases (8.6%). T2DM patients presented higher rates of delayed kidney graft function and
primary kidney non function and inferior rates of 5 year
overall (73.5% vs 77.8%, P = 0.007) and death censored
kidney graft survival 82.9% vs 85.3%, P = 0.04) compared
with T1DM patients. However, this group included more
African-American and Hispanics and the patients were
older at diabetes onset and at the time of transplantation,
were more often obese and had a higher pre-transplant
dialysis time. All these parameters are known to impact
transplant outcomes and when data were analyzed after
adjustment for confounders, diabetes type could not be
identified as a risk factor for all outcomes. In details, hazard ratios were 1.10 (95%CI: 0.86-1.42) for patient death,
1.08 (95%CI: 0.91-1.28) for pancreas allograft failure
and 1.16 (95%CI: 0.95-1.39) for kidney allograft failure
with T1DM values as reference. Further analysis revealed
that increased recipients’ age, time spend on dialysis pretransplant and higher BMI were associated with worse
outcomes in T2DM patients. However, the study carried
a significant limitation regarding the definition of diabetes type which relied mainly on clinical history data and
not specified criteria.
Wiseman et al[19] analyzed data from 424 SPK transplants in T2DM from 2000 through 2008, using the
Scientific Registry of Transplant Recipients database and
compared outcomes with patients who underwent LDKT
or DDKT. They included in their analysis only recipients
aged from 18 to 59 years with a BMI index ranging from
18-30 kg/m2. Although there were no reliable definitions

106

June 24, 2014|Volume 4|Issue 2|

Fourtounas C. Transplant options for type 2 diabetics

of diabetes type in this study, the selection criteria have
probably eliminated the percentage of misclassification.
In this study the authors reported several very interesting and important results. Although SPK outcomes were
excellent even after 5 years post-transplant and looked
superior to DDKT, this difference was not due to the
pancreas allograft per se but to other important factors
such as younger allograft kidney donors, younger recipient age and less waiting time for transplantation. In addition the analysis provided a clear 5 year survival advantage in favor of LDKT over SPK. However, the authors
acknowledge that the possible advantages of SPK (euglycemia) regarding patient and kidney survival may become
clearer after a longer follow-up and patients who undergo
SPK may represent a special and probably pre-selected
population of T2DM patients. In addition quality of life
issues (insulin injections, hypoglycemia, etc.) may be more
important for several T2DM patients with ESRD than
survival. Nevertheless, these data provide clear evidence
that LDKT should be considered as a first choice treatment for T2DM patients with CKD and SPK should be
seen as a second choice for well selected patients.

failed islet grafts may lead to recipients’ alloimmunization
(sensitization) by the production of de novo anti-HLA antibodies in titers ranging between 10.8%-31%[48-50]. These
poor results have raised skepticism in the transplant
community[51] and today only a few centers continue islet
transplants on a regular basis in T1DM patients[46,47]. Although the ultimate goal of islet transplantation would be
to achieve insulin independence, this remains an exemption and the current goals focus mainly on protection
from hypoglycemia, reduction of the daily dose of insulin and correction of HbA1c[47].
Islet transplantation has not been widely applied in
T2DM patients. In the literature there is only one report
regarding islet transplantation in 5 insulin treated T2DM
patients[52]. However these patients were undergoing liver
transplantation and islet were given as a possible treatment for coexisting T2DM. Three of them presented
normalization of HBA1c and no need for insulin therapy.
However, although hypothetical, if clinical data for
T1DM patients improve in the future, it would not be a
surprise to see islet transplantation applied in T2DM patients, following the example of SPK[17,19].

Data overview
The results from all these single center and database studies do not provide a clear message about the pros and the
cons of SPK in T2DM with CKD and many physicians
remain skeptic about its definite role, as it carries significant surgical challenges and it is not an immediately life
saving procedure[13,17]. The recently applied UNOS criteria for eligibility of T2DM patients for SPK include only
C-peptide levels cut-offs and BMI values (see above),
although there is no solid data about this policy[15]. Theoretically, T2DM patients who are eligible for listing for
both DDKT and SKT transplantation may be transplanted faster if listed for SPK according to the priority
criteria for kidney and pancreas allocation. Nevertheless,
it should be emphasized that this theoretical concern may
not be proven correct in the real clinical practice, as SPK
transplantation is performed only in selected transplant
centers and its rates tend to fall over the last years[12].

BARIATRIC SURGERY FOR T2DM
PATIENTS WITH CKD
The term “diabesity” has been introduced in the current
literature in order to describe the frequent co-existence
of T2DM and obesity[53]. Although bariatric surgery procedures tend to increase around the world, there is a debate about its place in the treatment of diabetes[53,54]. Current standards suggest that it has a role in patients with
BMI > 35 kg/m2 with one at least comorbid condition
including T2DM[54]. Its theoretical advantages for T2DM
patients with lower BMI values remain unproven[53-55]. In
addition, there is an ongoing interest regarding the impact of obesity on the pathogenesis and the progression
of CKD[56]. However, there is no solid data regarding
the beneficial effects of bariatric surgery in CKD, except
some small observational single-center studies focusing
mainly on the regression of micro- or macro-albuminuria[56,57].
As most transplant centers include obesity (BMI >
30-35 kg/m2) in the contraindications for renal or SPK
transplantation due to excessive surgical complications,
many obese T2DM patients may not qualify. So, bariatric
surgery has been recently introduced, not as a cure for diabetic nephropathy per se, but as a “bridge” for transplantation. There are a few reports about this alternative in
patients with advanced CKD, but the complication rates
were substantially higher than in non CKD patients[18,58,59].
However these data came from open surgical procedures
and currently applied laparoscopic approaches may reduce complications and improve outcomes. Nevertheless,
although promising, bariatric surgery in CKD patients
or more especially in T2DM patients with CKD has not
been studied in depth and should be still considered as
experimental[56,60]. If applied, this must be done in specialized and experienced centers under a multidisciplinary

ISLET TRANSPLANTATION AND T2DM
Islet Transplantation refers to the transplantation of isolated pancreatic islets, which have been harvested from
one or more deceased donors. It is not a classic surgical
procedure and the islets are infused percutaneously into
the portal vein[44].
Allogeneic islet transplantation in humans become
popular after the landmark study of the Edmonton
group in 2000[44] which showed insulin independence in
seven T1DM patients with a steroid free regimen. Nevertheless, these first encouraging results could not be
fully reproduced by other centers and patients needed
multiple islet transfusions with a long-term success below
10%[45-47]. In addition, the immunosuppressive protocols
are potentially nephrotoxic and may be accompanied
with a deterioration of the renal function[48,49] whereas the
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approach.
Nevertheless, a recent analysis of the United States
Renal Data System has questioned the current BMI
thresholds, as it has shown that even obese diabetic renal
transplant recipients may show a survival benefit compared to treatment with dialysis, except patients with BMI
> 40 kg/m2 and obese African Americans[61].

7

8

CONCLUSION
Although during the first era of transplant medicine
T2DM patients with CKD were considered non eligible
for kidney transplantation, recent progress in transplantation medicine has improved their “transplant menu”. As
pre-emptive kidney transplantation provides a clear survival advantage over dialysis, all patients with no obvious
contraindications, should be referred for early evaluation
by a transplant center.
There are data that SPK transplantation may be offered in T2DM patients with acceptable long-term outcomes, but it should be noted that the decision is not
so easy, as these results come from retrospective studies
from very experienced centers and these patients carry
particular characteristics (younger ages, no obesity, minimal cardiovascular risk, etc.) that may not apply to the
average T2DM patient with CKD.
Bariatric surgery may also be considered as a “bridge”
to transplantation for very obese T2DM candidates, but
at the moment there are no clear data about its outcomes
and possible complication rates in this population.
Prospective multi-center studies are warranted in order
to clarify all these issues. Until then, the most appropriate
transplant option for T2DM patients with diabetic nephropathy should always be individualized, taking under
consideration the patient’s wills, his overall medical condition and the transplant center’s experience with all these
procedures.
The transplant menu looks delicious, but we must be
a bit more patient.
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review explores the ever expanding ophthalmological
indications for the use of human AM.
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Core tip: Amniotic membrane transplantation is a very
useful armamentarium in the hands of the ophthalmic
surgeons for treating a variety of ocular surface disorders. Because of its transparent structure, anti- inflammatory, anti-fibrotic and anti-angiogenic properties and
ability to provide a substrate for growth of corneal and
conjunctival epithelial cells, it forms an ideal material
for ocular surface reconstruction.

Abstract
The amniotic membrane (AM) is the inner layer of the
fetal membranes and consist of 3 different layers: the
epithelium, basement membrane and stroma which
further consists of three contiguous but distinct layers:
the inner compact layer , middle fibroblast layer and
the outermost spongy layer . The AM has been shown
to have anti-inflammatory, anti-fibrotic, anti-angiogenic
as well as anti-microbial properties. Also because of its
transparent structure, lack of immunogenicity and the
ability to provide an excellent substrate for growth, migration and adhesion of epithelial corneal and conjunctival cells, it is being used increasingly for ocular surface
reconstruction in a variety of ocular pathologies including corneal disorders associated with limbal stem cell
deficiency, surgeries for conjunctival reconstruction, as
a carrier for ex vivo expansion of limbal epithelial cells,
glaucoma surgeries and sceral melts and perforations.
However indiscriminate use of human AM needs to be
discouraged as complications though infrequent can occur. These include risk of transmission of bacterial, viral
or fungal infections to the recipient if the donors are
not adequately screened for communicable diseases,
if the membrane is not processed under sterile condi-
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INTRODUCTION
The ocular surface is an extremely sensitive and dynamic
structure, the health of which is crucial for the optimal
functioning of the eye. Any mechanical or chemical insult
to it either from exogenous sources, i.e., chemical injuries
by substances like acids and alkalis, or from endogenous
factors, i.e., change in the amount and composition of the
tear film due to severe dry eye states associated with conditions like Stevens Johnson syndrome (SJS), rheumatoid
arthritis and other collagen vascular diseases ,can result in
anatomic, physiologic and optical dysfunction of the eye
as a whole.
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Layers of human amniotic membrane

Epithelium
Basement membrane
Compact layer
Fibroblast layer

Stroma

Spongy layer
Nitrocellulose paper

Figure 1 Line diagram showing layers of cryopreserved human amniotic membrane, oriented with the stromal side in contact with the nitrocellulose filter
paper and epithelial side facing up.

Various biological tissues have been attempted to be
used as donor tissue to repair and reconstruct the ocular surface or to decrease the inflammation in instances
where the conjunctiva and cornea get significantly damaged. These include among others oral, labial and vaginal
mucous membranes and rabbit peritoneum. Amniotic
membrane (AM) was first used therapeutically by Davis
for skin transplantation in 1910[1]. De Roth however is the
first person credited with having used fetal membranes
in ophthalmic surgery in an attempt to reconstruct the
ocular surface in patients with symblepharon[2]. The initial
enthusiasm for use of this tissue however disappeared
from documented ophthalmic literature, till the early
nineties, when Batlle et al[3] used it to repair conjunctival
defects and reconstruct the fornices.

MECHANISM OF ACTION
Several mechanisms of action are attributed to the AM’s
ability to help in healing and reconstruction of the ocular
surface.
Mechanical
The AM acts as a biological bandage and shields the
regenerating epithelium from the frictional forces generated by the blinking movements of the eyelids[5]. This is
especially of significance in cases where entropion, trichiasis, keratinization of lid margin/palpebral conjunctiva
or other such lid pathology exists which can damage the
fragile epithelium, e.g., trachoma, SJS, ocular cicatricial
pemphigoid (OCP), etc. Use of the AM in addition to tilting the balance of the ocular surface towards healing, also
dramatically decreases the subjective symptoms of pain
and discomfort experienced by these patients, especially
when implanted on deepithelized areas of the cornea.
This has been attributed to a purely mechanical effect
and not because of the biological mediators present in
the membrane, as elegantly demonstrated by Lee et al[6] in
experimental studies on rabbits where application of amniotic fluid to denuded corneas (created by subjecting the
animals to excimer laser photo keratectomy) increased
the corneal sensitivity and upregulated regeneration of
nerves.

STRUCTURE OF THE FETAL MEMBRANES
The fetal membranes consist of two layers: the outer
chorion which is vascular and in contact with the uterine
wall, and the amnion which is avascular, lies inner to the
chorion and is in contact with amniotic fluid. The AM
is 0.02-0.05 mm thick and is classically considered to be
composed of three layers (Figure 1).
Epithelium
Which is a monolayer of metabolically active cuboidal
cells with microvilli present on its apical surface.

Promotion of epithelialization
The basement membrane of the AM closely resembles
that of the conjunctiva and cornea especially with regards
to its collagen composition. It thus serves as a substrate
on which epithelial cells can grow easily. Four main effects on the regenerating corneal epithelium have been
described: (1) facilitation of epithelial cell migration[7,8];
(2) reinforcement of basal epithelial cell adhesion[9-11]; (3)
promotion of epithelial cell differentiation[12-14]; and (4)
Prevention of apoptosis[15,16]. These properties render it
suitable for use in cases of nonhealing or persistent epithelial defects of the ocular surface, especially that of the
cornea.

Basement membrane
Made up of type Ⅳ, Ⅴ and Ⅶ collagen(also found in
conjunctival and corneal basement membranes) in addition to fibronectin and laminin[4], It is one of the thickest
membranes in the human body and can withstand current cryopreservation techniques.
Stroma
This is further divided into three contiguous but distinct
layers: the inner compact layer which is in contact with
the basement membrane and contributes to the tensile
strength of the membrane, middle fibroblast layer which is
thick and made up of a loose fibroblast network and the
outermost spongy layer.
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stromal matrix of the AM. This helps to suppress TGF β
signaling with reduced expression of TGF β-1, β-2, and
β-3 isoforms in addition to reduced expression of TGFReceptor Ⅱ. This inhibits proliferation of corneal, limbal
and conjunctival fibroblasts. Differentiation of fibroblasts
into myofibroblasts is also inhibited, thus reducing scarring after pterygium surgery and ocular surface reconstruction[17]. Anti-inflammatory effect of AM is driven by
inhibition of expression of pro inflammatory cytokines
from the damaged ocular surface, e.g., interleukin (IL)
1a, IL-2, IL-8, interferon-γ, tumor necrosis factor-β, basic fibroblast growth factor and platelet derived growth
factor[18]. In addition to the chemically mediated antiinflammatory effect, Shimmura et al[19] also demonstrated
a more mechanical effect by showing that inflammatory
cells get trapped and undergo apoptosis in the matrix of
the AM.

PROCURING, PROCESSING AND
PRESERVING THE AM
AM is retrieved under strict aseptic conditions from donors undergoing elective cesarean section and who have
been previously screened serologically for potentially
communicable diseases including human immunodeficiency virus, hepatitis B and C viruses and syphilis. Placenta obtained after vaginal delivery are not used for this
purpose because of the potential for contamination with
bacteria from the vagina. It is recommended that the maternal donor should undergo repeat serological screening
after 6 mo (to cover the window period for transmission
of communicable diseases) before the AM is released for
use[30]. Tissue is used for transplantation only when both
the samples are negative.
Antibiotics covering both gram positive and gram
negative bacteria as well as fungi (50 µg/mL penicillin,
50 µg/mL streptomycin, 100 µg/mL of neomycin, 2.5
µg/mL of amphotericin B) are used to wash the placenta
under sterile conditions. Blunt dissection is then used
to separate the amnion from the chorion. The AM may
be preserved by means of cryopreservation (cryopreserved human amniotic membrane, CHAM) or in a dry
deepithelialized form (dry human amniotic membrane,
DHAM). To prepare CHAM Kim et al[31,32] and Lee et al[33]
recommended using 50% glycerol in Dulbecco’s modified Eagle Medium (DMEM) in a ratio of 1:1 to store
the membrane. The membrane is cut into multiple pieces
and placed on nitrocellulose paper strips with epithelial
side up. It is then placed in vials containing the glycerol/
DMEM storage medium and cryopreserved at -80 ℃.
Just prior to use the membrane should be taken out and
warmed to room temperature for 10 min. CHAM stored
in glycerol may be safely and effectively used for over a
year with the added advantage of antiviral and antibacterial properties of glycerol[34]. One drawback with using
CHAM is the need of a -80 ℃ refrigerator. This precludes its use outside big institutions.
DHAM does not require to be attached to nitrocellulose paper and is free standing. DHAM is prepared by
subjecting the amniotic membrane to sterilization using
low energy electron beam radiation and then preserving
it using low heat and air vaccum .DHAM can be stored
at room temperature for upto 2-5 years and is rehydrated
prior to use. It is usually 35-40 microns thick but a third
generation, 110-μm-thick, freeze dried, and freestanding
human AM allograft (Ambio 5; IOP Inc, Costa Mesa, California) is commercially available. This has an additional thick
layer of retained collagen from the chorionic membrane,
which makes it thicker and confers greater tectonic
function.
Both fresh and preserved AM have been found to
be equally effective when transplanted onto the ocular
surface[35]. Use of freshly acquired AM however is associated with certain disadvantages including the risk of
transmission of communicable diseases as the donor
cannot undergo repeat serological testing, and wastage of

Anti-angiogenic properties
In addition to the anti-inflammatory properties which
retard new vessel proliferation, a specific anti-angiogenic
effect has also been ascribed to the AM. This has been
demonstrated to be due to the production of several potent anti angiogenic chemicals including thrombospondin
-1, endostatin and all four tissue inhibitors of metalloproteases (TIMP-1, 2, 3 and 4)[20]. Though beneficial in most
situations the anti-angiogenic effect of AM needs to be
kept in mind and balanced against its other potential benefits when using it in limbal stem cell deficiency associated with limbal ischaemia, i.e., in chemical injuries of the
ocular surface.
Anti- microbial properties
A literature review reveals conflicting reports about the
anti-microbial properties of AM. Burn patients treated
with AM have been shown to have decreased bacterial
counts and control of infections[21,22]. Antibacterial effects
effects have been demonstrated against both gram positive cocci including streptococci and Staphylococcus aureus
as well as gram negative bacilli including Escherichia coli
and Pseudomonas aeruginosa[23,24]. These antibacterial effects
have been attributed to the presence of several anti-microbial factors in the amniotic fluid including bactricidin,
beta-lysin , lysozyme, transferrin and 7S immunoglobulin[25,26]. Other investigators however believe that the AM
does not per se contain any chemical antimicrobial substances, but rather just constitutes an effective physical
barrier against infection because of its ability to adhere
closely to the underlying surface[24,27].
In addition to the above properties another important
characteristic of the human AM is a lack of expression
of the major histocompatibility antigens HLA-A, B, or
DR antigens[28,29]. Hence immunological rejection after
its transplantation does not occur and obviates the need
for any immune suppression. This feature along with the
transparent structure and ability to be preserved for prolonged periods make the AM an ideal substrate for ocular
surface transplantation.
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A

Figure 2 (A) Amniotic membrane used as an inlay
graft (B) line diagram showing amniotic membrane
(solid orange lines) used as an Inlay graft for a nonhealing epithelial defect (green). The membrane is
trimmed to fit the size of the underlying defect and sutured to the cornea using interrupted 10-0 nylon monofilament sutures.

B

unused tissue ( with preserved AM, up to 30 grafts can
be prepared with one placenta). Preservation of the AM
by any means has been shown to adversely affect the viability and proliferative capacity of its epithelial cells[36,37].
Kruse et al[36] proposed that AM grafts function primarily
as a matrix and not by virtue of transplanted functional
cells. Other literature on the subject also supports the
view that viability of cellular components of the AM is
not essential for its biological effectiveness[38].

are three surgical techniques by which the AM can be
used over the ocular surface.
Graft or inlay technique: In this technique the AM is intended to act as a substrate or scaffold for epithelial cells
to grow. The AM is placed epithelial/basement membrane side up and is trimmed to fit the size of the underlying epithelial or stromal defect. It is usually sutured to
the cornea using non absorbale 10-0 nylon sutures and
to the episclera and conjunctiva using 9-0 or 10-0 vicryl
(Figure 2). It is preferred to keep the epithelial/basement membrane side up in this technique because the
basement membrane of the amnion acts as an excellent
substrate for growth of the progenitor epithelial cells by
prolonging their lifespan, maintaining clonigenecity and
preventing apoptosis[41]. The surrounding 1-2 mm of the
host corneal epithelium is debrided. This ensures that the
regenerating epithelium grows over the basement membrane of the AM, and consequently the AM stroma gets
incorporated into the host tissue (“graft”). Depending on
the depth of the underlying defect this technique may be
used as a single layer graft inlay where a single layer of AM
is used, or multilayer graft inlay where multiple layers of
the AM are placed into the ground of the ulcer, which is
filled without sutures before a superficial graft is sutured
to the periphery of the ulcer, again after depithelialization of a ring-shaped area around the cornea ulcer. The
epithelium is expected to grow over the uppermost layer
of this multilayer graft[40]. This is also referred to as the
layered or fill in technique. The layering may be done either
by cutting the AM into multiple pieces and placing them
one on top of one another or by using a larger piece of
AM which is repeatedly folded (blanket fold) upon itself.

SURGICAL PRINCIPLES AND METHODS
OF IMPLANTATION
Rationale for determining orientation of AM on ocular
surface
This is important as the indication for which the AM
is being used and the endpoint desired determines the
preferred orientation with which it is used on the ocular
surface. Histopathological analysis has revealed that after
application of AM the re-epithelialization of the ocular
surface by the host epithelium (i.e., by the host corneal
or conjunctival epithelium) occurs preferentially on the
basement membrane side of the epithelium[39], though
Seitz et al[40] have also demonstrated that corneal epithelial
cells do possess the ability to grow on the stromal side
of the membrane. Hence where the membrane is used
with the aim of providing conjunctival or corneal cells a
substrate to grow on, the AM is used epithelial/basement
side up. The stromal matrix of the AM on the other
hand has the ability to trap inflammatory cells and induce
their apoptosis, thus down regulating the inflammatory
response[38]. Thus in the presence of acute inflammation,
the membrane may be used to protect the ocular surface
from the deleterious effects of the pro inflammatory cells
and mediators- here it is used epithelial side down, so that
the stromal side faces the palpebral aperture.

Patch or overlay technique: Here the AM is sutured
to the ocular surface keeping it larger than the underlying defect so that host epithelium is present below the
membrane. The membrane is sutured to the surrounding
conjunctiva or episclera using 9-0 vicryl suture. An additional 10-0 nylon suture may be applied to the peripheral
cornea in a purse string manner to ensure prolonged
retention (Figure 3). The AM may be used epithelial side
up or stromal side up as the host epithelium is expected
to grow under the membrane which basically acts only as
a “biological bandage contact lens” to protect the fragile

Determining the orientation of the AM
The AM supplied on the nitrocellulose filter paper is usually oriented epithelial side up, with the stromal side in
direct contact with the paper. The stromal surface can be
identified by the presence of vitreous-like strands that
can be raised with a sponge or a fine forceps. This may
need to be performed at a few points for confirmation.
Depending on the indication for which it is used there
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Figure 3 Amniotic membrane used as an overlay
patch. A: Clinical photograph; B: Line diagram. The
amniotic membrane is trimmed to cover the whole of the
corneal surface and fixed by 10-0 nylon monofilamemt
sutures at the corneal periphery parallel to the limbus.

B

new epithelium from the frictional forces generated due
to eyelid movements. In this situation the AM is expected
to fall off or be removed after a certain time.

In these situations AM may be used as a single layer or
multilayer graft (inlay) depending on the depth of the lesion providing a substrate for the epithelial cells to migrate
and adhere to the basement membrane. The inlay may also
be combined with an epithelial side down onlay patch graft
especially if significant ocular surface inflammation coexists as stromal surface of the onlay graft will help mop
up the inflammatory cells and mediators on the palpebral
surface. Success rates of using AM for PED’s have been
reported as varying from 64% to 91%[33,42]. Early detachment of the membrane however remains a major problem despite the use of multiple sutures or a protective
bandage contact lens (BCL)[42].
AM has also been used successfully in nonhealing
infective ulcers due to bacteria, fungi, viruses and protozoa. The nonhealing of the ulcer inspite of adequate
antimicrobial therapy in these situations may be because
of release of proinflammatory mediators, proteolytic enzymes and collagenazes by the microorganisms, stromal
keratocytes and polymorphonuclear cells[43,44]. Single or
multilayer AM has an inhibitory effect on these proteolytic enzymes and also provides a healthy basement membrane, thus tilting the ocular surface milieu in favour of
rapid healing.

Combined (inlay and overlay) technique: Two or
more layers of AM are used in this technique, with the
inner smaller layer/layers acting as a graft and the outer
larger layer acting as a patch. Also known as the “sandwich
technique” a single-layer( Figure 4A) or multilayer inlay
(Figure 4B) is combined with an onlay[40]. The epithelium
is expected to grow under the patch but over the uppermost inlay graft.
The availability of fibrin glue for ophthalmic use has
in many cases supplanted the use of sutures, and the AM
may be adhered to the ocular surface using the recombitant fibrin glue. This reduces the surgical time and also
increases patient comfort.

OPHTHALMOLOGICAL INDICATIONS
FOR USE OF AM
The list of indications for which AM is used in ophthalmology is expanding with each passing year. Broadly its
use can be classified into (1) corneal surface disorders,
without limbal stem cell deficiency (LSCD); (2) corneal
surface disorders with associated LSCD; (3) conjunctival surface reconstruction, e.g., pterygium removal, after
removal of large lesions other than pterygium, after
symblepharon lysis; (4) as a carrier for ex vivo expansion
of corneal epithelial cells; (5) glaucoma; (6) treatment of
sclera melts and perforations; and (7) other miscellaneous
indications.

Corneal perforations and descemetoceles
Corneal perforations and descemetoceles are globe and
sight threatening complications associated with loss of
tectonic strength of corneal stroma as well as associated
underlying inflammation. A majority of the methods used
to treat these conditions including tissue adhesives, lamellar keratoplasty, penetrating keratoplasty, bandage contact
lenses and conjunctival flaps provide tectonic support,
but do not directly address the inflammatory component.
Multilayer AM has been used to treat non traumatic microperforations and descemetoceles with upto 72.7%
to 82.3% success rate being reported[45,46]. AM in this
situation provides tectonic support, collagen substitution for corneal stroma and anti- inflammatory and antifibrotic actions which halt progressive tissue degradation.
Depending on the underlying severity and extent of the
disease process it may be used as a permanent surgical
therapy or as a temporizing measure till a more definitive
surgical procedure can be performed. One of the authors
of this review (AKJ) has reported successful management of a case of perforated peripheral corneal ulcer in

Persitent epithelial defects and Non Healing corneal
ulcers
Persitent epithelial defects (PED’s) may occur due to a
variety of mechanisms including innervations deficits
of the cornea (e.g., neurotrophic keratopathy following
Herpes Zoster keratitis, after penetrating keratoplasty),
chronic inflammation or mechanical factors. These factors may act individually or in synergy, and lead to epithelial defects which are unresponsive to conventional management strategies, e.g., lubrication, bandage contact lenses,
tarsorrahaphy, etc. Untreated these PED’s can progress to
stromal collagenolysis, ulceration, perforation or scarring.
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Figure 4 Single layer inlay covered by a larger “patch” or “onlay”
(A), multi-layer inlay ( amniotic membrane folded upon itself in form
of a blanket fold- black arrow) covered by a larger “patch” which is
fixed to underlying episclera by a purse string suture in a case of
deep, non-resolving peripheral ulcerative keratitis (B).

B

a patient of acne rosacea with amniotic membrane after
three applications of cyanoacrylate glue with bandage
contact lens failed to seal the perforation successfully[47].
A final best corrected visual acuity of 6/6 was achieved
in this patient. Though used most commonly for small
perforations, Kim et al[48] have reported successful outcomes even in patients with perforations > 2 mm in size
using fibrin glue to augment the thickness of the AM-a
procedure they termed “fibrin glue assisted augmented
AMT”.

and restoration of the stem cell population. Success of
AM in these scenarios depends on the severity of the
LSCD. In cases of partial LSCD amniotic membrane
alone can be an effective therapy to restore the ocular
surface as by promoting epithelialization and reducing
inflammation it restores a normal stroma which maximizes functioning of the remaining limbal stem cells[51,52].
In cases of total LSCD however AM transplantation has
only an adjunct role to limbal stem cell transplantation
which is the definitive modality of treatment, as AM can
only optimize functioning of existent limbal stem cells
(LSC’s) as is seen in partial LSCD, but it cannot cause repopulation of the affected eye with LSC’s in cases of advanced total LSCD. In these situations use of de-epithelized
AM as a carrier for ex vivo expansion of limbal autologus or
allolimbal stem cells is another good option as it combines
the advantages of both techniques, i.e., simultaneous optimization of the ocular surface by the AM and replacement of the stem cells.

Symptomatic bullous keratopathy
In symptomatic patients with good visual potential and
intolerant to a BCL, AM may be used as a temporizing
measure till a definitive treatment for the bullous keratopathy, i.e., endothelial or penetrating keratoplasty is undertaken. It may also be used as an alternative to anterior
stromal puncture in patients with a poor visual potential
with the objective of providing longer pain free periods.
Espana et al[49] have reported a mean follow up of 25 mo
and noted that 88 % patients were able to obtain a pain
free status.

Conjunctival reconstruction: AM can be used for reconstruction of the conjunctival surface as a substitute
for conjunctival grafts in situations where availability of
autologous conjunctival tissue is limited, i.e., after removal
of large conjunctival lesions, patients having undergone
repeated conjunctival surgery leading to a scarred conjunctiva, or where the conjunctiva needs to be preserved, i.e.,
patients with glaucoma who may require filtering surgery
in the future. Use of AM in these situations is helpful as
in addition to providing a healthy basement membrane
for growth of conjunctival epithelial cells it also helps in
maintaining the normal goblet cell containing phenotype
of these cells[53]. However as the AM is only a temporary
substitute, to provide long term reepithelialization of the
conjunctival surface, the surrounding conjunctival tissue
must be healthy with an intact vascular bed.

Band keratopathy
Band keratopathy due to abnormal deposition of calcium
on the corneal surface results in ocular irritation and
epithelial surface breakdown. Primary treatment involves
removal of calcium deposits by ethylene diamine tetra
acetic acid chelation or superficial keratectomy. AM transplantation has been used as an adjunct after primary surgical treatment in band keratopathy with pain relief being
reported in 93% cases and visual acuity improvement in
44% of sighted eyes[50].
Corneal disorders with associated LSCD: Any acute
or chronic insult to the the limbal epithelial stem cells
can lead to a state of partial or total LSCD which may
manifest as conjunctivalization of the cornea, neovascularization, PED’s and chronic inflammation. This may be
seen after thermal or chemical burns, cicatrizing disorders like SJS and OCP, aniridia, chronic contact lens wear,
untreated vernal keratoconjunctivitis (VKC) and multiple
surgeries involving the limbal area. Successful long term
outcome in these eyes after lamellar or penetrating keratoplasty requires prior optimization of the ocular surface
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Pterygium: Use of AM as an alternative to autologous conjunctival grafts was described by Prabhasawat et al[54]. They
reported higher recurrence rates (10.9%) for primary
pterygia with the use of AM as compared to recurrence
with use of autologous conjunctival autografts (2.6%).
However later studies which emphasized extensive removal of fibrovascular tissue adjacent to the pterygium
have reported that recurrence rates with use of AM
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Figure 5 Amniotic membrane used to cover bare sclera after excision of primary pterygium. A-D: Serial photographs showing appearance of amniotic membrane graft. At end of 3 mo excellent integration and cosmetic appearance was achieved.

transplantation (3%-3.8% in primary pterygia and 9.5%
in recurrent pterygia) were similar to those reported after
conjunctival autografting and intra operative mitimycin C
use[55,56]. Jain et al[57] have described the use of AM transplantation using fibrin glue in primary pterygia using a
‘tuck in technique’ where the edges of the AM graft were
tucked underneath the adjacent free margin of conjunctiva on 3 sides and reported no recurrences in 11 out of
12 patients after a follow up of one year (Figure 5).
However conjunctival autograft is still considered to be
the gold standard for treatment of primary pterygia and
AM may be a reserved as a reasonable option in cases with
diffuse conjunctival involvement, i.e., primary extensive
biheaded pterygia, in previous multiple failed surgeries and
in patients in whom the bulbar conjunctiva must be preserved for a prospective glaucoma filtering procedure[58].

acute phases of chemical injury the AM can be used as
a patch to cover the entire ocular surface and sutured to
the fornices through the eyelids to prevent symblepharon
formation as well as simultaneously reduce ocular surface
inflammation. The AM should be a continuous sheet devoid of buttonholes. A large sheet is placed on the ocular
surface and it is first anchored to the inner surface of the
everted lower lid close to the lid margin using multiple
interrupted 10-0 vicryl sutures. To anchor the sheet to
the fornices two sets of double armed 4-0 chromic gut
sutures on a cutting needle are used and the needles are
passed from the AM surface through the inferior fornix,
via the full-thickness of the eyelid and are made to exit
through the eyelid skin. The two needles of each of the
two sets of sutures are passed through two segments of
an encircling band and then tied[60]. A sutureless amniotic
patch (ProKeras; Bio-Tissue Inc., Miami,Florida) is also
available for this purpose. Another modification suggested by Rahman et al[61] is the use of a conformer on which
the AM is sutured and placed on the ocular surface, with
the AM acting as a patch and the conformer maintaining
the fornices because of its rigidity. Though the AM has
also been used for symblephera associated with SJS and
OCP the outcomes are usually not as successful as compared to stable non progressive cicatrization because of
the chronic ongoing inflammation associated with these
diseases[62].

Conjunctival tumours and ocular surface squamous
neoplasias: AM has been used for conjunctival reconstruction after excision of both benign and malignant tumours
including ocular surface squamous neoplasias(OSSN), melanomas, lymphomas and complex choristomas. The AM provides a substrate for migration of the conjunctival epithelial
cells. Advantages of using amniotic membrane as compared to conjunctival autografts in these situations include
a lack of donor site morbidity and the ability to clinically
monitor local tumour recurrence beneath the transparent
AM graft[59].

As a carrier for ex vivo expansion of epithelial cells:
Progenitor stem cells for the conjunctiva and cornea have
been established to reside in the conjunctival fornices

After symblepharon lysis: AM can be used both in the
prevention as well as treatment of symblepharon. In the
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Miscellaneous indications: Severe shield ulcers due
to VKC which do not heal with conservative management respond well to surgical debridement of the mucous
plaque and debri followed by using the AM as a patch to
promote epithelialization. Using this technique Sridhar et al[73]
achieved a success rate of 94.7% with shield ulcers. AM
has been occasionally in oculoplasty for lid reconstruction, for treatment of punctual occlusion by applying it
as a patch over the denuded punctual orifice[74] as a cover
for ocular prosthesis at the time of insertion and to cover
the tarsal plate in lid split procedure for correction of
cicatricial entropion[75].

and limbal area respectively. In the eye, i.e., under in- vivo
conditions these migrate onto the ocular surface and differentiate into daughter cells to continuously regenerate
the conjunctival and corneal surface epithelia[63]. Expansion of these cell populations on basement membrane
side of AM (with amniotic epithelium intact or de-epithelized AM) as well as on the stromal side of AM have
been demonstrated previously. The corneal epithelial cells
have been shown to migrate rapidly when limbal explants
are placed on AM denuded of amniotic epithelial cells
but with the basement membrane intact, relatively slowly
when the amniotic epithelium is left behind and slowest
when the membrane has been flipped over and the cells
are grown on the stromal surface. Culturing the explants
on an intact AM with devitalized epithelium favors expansion of an epithelial phenotype that closely resembles
limbal stem cells[38].
Clinically in cases of LSCD, limbal biopsies can be
used to harvest corneal epithelial stem cells for ex vivo
expansion on AM, which can then be transplanted onto
the eye after appropriate preparation of the host bed
by resecting the vascularized pannus or any other procedure which may be required. The main advantage of
this approach of expanding corneal epithelial cells ex
vivo on AM is that only a small amount of limbal tissue
is required to be harvested from the contralateral eye as
compared to conventional limbal allografts which require
up to 12-clock hours of limbal tissue and have the potential risk for limbal deficiency developing in the donor eye.
Another advantage is that the AM is a natural substrate
and when transplanted onto the corneal surface gets integrated into it. Excellent outcomes have been reported
after transplantation of cultivated limbal stem cell on denuded AM for LSCD[64-66].

Complications and limitations of am use: Though
the AM is finding ever expanding uses in ophthalmology, it must not be used indiscriminately as complications
though infrequent can occur. Risk of transmission of
bacterial, viral or fungal infections to the recipient exists
if the donors are not adequately screened for communicable diseases, if the membrane is not processed under
sterile conditions or if storage is improper. Incidence
rates of 1.6%-8.0% have been reported post AM transplantation with gram positive isolates being reported
most frequently[76-78]. Premature degradation of the membrane and cheese wiring may need frequent repeat transplantations. Occasionally, a residual subepithelial membrane may persist in some cases and inadvertently opacify
the visual axis[38].

CONCLUSION
The AM is proving to be a very versatile tool in the hands
of the ophthalmologist, and the indications for its use are
rapidly expanding as there is a better understanding of
its properties. However a judicious use and appropriate
patient selection is important for achieving optimal outcomes.

Glaucoma: AM has been used in glaucoma to reduce
scarring at the time of filtering surgery, to repair early
or late leaks, and act as a cover for valve procedures. Fujishima et al[67] attempted to reduce scarring in filtering
surgery by incorporating a layer of amnion between the
scleral flap and bed to prevent an adhesion between the
two layers, but achieved only limited success. Use of AM
to repair bleb leaks is controversial with some authors
reporting good results[68] while others have reported it as
being ineffective[69].
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RESULTS: Mean age at the time of conversion to
everolimus was 57.7 ± 10 years. Indications for conversion were: refractory rejection 31.1%, extended hepatocellular carcinoma in explanted liver 19%, post-transplant hepatocellular carcinoma recurrence 8.1%, de
novo tumour 17.6%, renal insufficiency 8.1%, severe
neurotoxicity 10.8%, and others 5.4%. Median time
from transplantation to introduction of everolimus was
6 mo (range: 0.10-192). Mean follow-up post-conversion was 22 ± 19 mo (range: 0.50-74). The event for
which the drug was indicated was resolved in 60.8%
of patients, with the best results in cases of refractory
rejection, renal insufficiency and neurotoxicity. Results
in patients with cancer were similar to those of a historical cohort treated with other immunosuppressants.
The main side effects were dyslipidemia and infections.
Post-conversion acute rejection occurred in 14.9% of
cases. The drug was discontinued in 28.4% of patients.
CONCLUSION: Everolimus at low doses in combination with tacrolimus is a safe immunosuppressant with
multiple early and late indications post-liver transplantation.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To assess our experience with the use and management of everolimus-based regimens post-liver transplantation and to redefine the potential role of this drug
in current clinical practice.

Key words: Everolimus; Liver transplantation; Indications; Off-protocol; Outcome
Core tip: Everolimus has a completely different mechanism of action to that of current basal calcineurine
inhibitors used worldwide in liver transplantation. This
immunosuppressant has a good profile for patients with
pre- and post transplant renal dysfunction, one of the
main concerns nowadays. It has also a promising role
in cancer patients which is common in liver transplantation, either as an underlying disease (hepatocarcinoma
in cirrhosis), or as de novo developing tumors. We

METHODS: From October 1988 to December 2012,
1023 liver transplantations were performed in 955
patients in our Unit. Seventy-four patients (7.74%)
received immunosuppression with everolimus at some
time post-transplantation. Demographic characteristics,
everolimus indication, time elapsed from transplantation to the introduction of everolimus, doses and levels
administered, efficacy, side effects, discontinuation and
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prompted us to use EVER in order to optimise and redefine the true role of mTORi. The principal aim of this
single-centre retrospective study was to study the current
indications for total or partial conversion to EVER in
liver transplant patients treated off-protocol.

present our off-protocol experience with partial/total
and early/late conversion to everolimus, highlighting its
efficacy and safety in fitting with the different emerging
scenarios after liver transplantation.
Bilbao I, Dopazo C, Lazaro J, Castells L, Caralt M, Sapisochin
G, Charco R. Multiple indications for everolimus after liver
transplantation in current clinical practice. World J Transplant 2014; 4(2): 122-132 Available from: URL: http://www.
wjgnet.com/2220-3230/full/v4/i2/122.htm DOI: http://dx.doi.
org/10.5500/wjt.v4.i2.122

MATERIALS AND METHODS
From October 1988 to October 2012, 1023 liver transplants were performed in 955 patients in our centre. We
reviewed the prospectively collected data bases and medical records of these patients, focusing on the patients
who received EVER for immunosuppression at some
point post-transplantation. We recorded the demographic
characteristics of these patients, the causes of conversion
to EVER, the pre- and post-conversion immunosuppression regimens, the time elapsed between liver transplantation and the start of EVER treatment, doses and trough
levels, efficacy, side effects, causes of discontinuation
and mean follow-up post-conversion. Efficacy was assessed overall and according to the time elapsed from liver
transplantation to the introduction of EVER. All patients
receiving EVER gave their signed informed consent and
met all the requirements for compassionate use of the
drug.

INTRODUCTION
Over the last thirty years, immunosuppression protocols
in liver transplant patients have been based on calcineurine inhibitors (CNI) - cyclosporine in the eighties and
tacrolimus in the nineties. Both were administered in
combination with steroids. In the late nineties, monoclonal antibodies and mycophenolate mofetil (MMF),
an antimetabolite with a different mechanism of action,
were widely used. In the year 2000, sirolimus was the first
inhibitor of the mammalian target of rapamycin (mTORi)
launched into clinical practice as a primary immunosuppressant to replace the widespread use of CNI. However,
its use declined due to severe adverse events and the
warning issued on the risk of arterial thrombosis[1]. A
few years later, everolimus (EVER) another mTORi was
approved for use after acute rejection in heart[2] and kidney[3] transplantation. In 2012, EVER was approved for
liver transplantation[4] by the EMA. In Spain, EVER was
also approved for liver transplantation and obtained full
registration at the end of 2012. In non-transplant areas,
it has been approved for the treatment of advanced renal
cell carcinoma[5].
mTORi reduce the expression of vascular endothelial
growth factor and transforming growth factor-B, which
are associated with tumour angiogenesis[6,7]. In solid organ transplantation, efficacy and safety can be achieved
by targeting EVER trough levels at 3-8 ng/mL in combination with CNI. EVER is dosed twice daily and yields a
steady state by day four.
The use of EVER is gaining acceptance in adult[8-10]
and paediatric[11] liver transplant recipients. It has been
used as maintenance[12-14], in de novo liver transplant patients[15], in cases of renal dysfunction as a CNI-sparing
regimen[16-18], and in recipients with cancer[19-21]. The most
common adverse events are leucopoenia, hyperlipidemia,
gastrointestinal disorders, delayed wound healing, stomatitis, angioneurotic oedema, proteinuria and interstitial
lung disease[22-24].
EVER was introduced into clinical practice at our
centre in 2005, when some of the medical community
had lost confidence in mTORi and had relegated the
drug to compassionate use and to sporadic and desperate cases when other drugs failed. However, experience
with sirolimus, especially the weak points of the drug,
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Demographic characteristics
The following information on the demographic characteristics of the patients was obtained: age at time of
transplantation and at time of conversion; gender; hepatitis B virus (HBV), hepatitis C virus (HCV) and human
immunodeficiency virus (HIV) status; indication for
transplantation; Child and United Network for Organ
Sharing classification status; body mass index (BMI) >
30; presence or absence of hypertension, diabetes mellitus (DM) and renal dysfunction at time of transplant;
donor age; donor cause of death; donor time spent in the
intensive care unit; presence or absence of graft steatosis > 20%; type of graft; presence or absence of portal
thrombosis; type of biliary anastomosis; mean intraoperative red blood cells; and mean cold ischemia time.
Renal dysfunction at time of transplant was defined as
serum creatinine > 1.5 mg/dL or hepato-renal syndrome
or need for dialysis.
Definition of the causes of conversion
Refractory rejection was defined as an incomplete response to treatment with steroid pulses with or without
MMF. Patients outside the Milan criteria and/or with
macro- or microvascular invasion in the explanted liver
were considered advanced hepatocellular carcinoma
(HCC). HCC recurrence was defined as tumour recurrence at any time during the follow-up period after liver
transplantation. Diagnosis was based on radiologic images and assessed by a pathologist in either hepatic or extrahepatic specimens. De novo tumour was defined as the
development of a malignant tumour (excluding HCC)
during post-transplantation follow-up. Post-transplant
neurological disorders were diagnosed by a neurologist
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Side effects and discontinuation
Possible side effects assessed were: hematologic toxicities; diarrhoea; proteinuria (though not assessed in all patients); levels of serum cholesterol and triglycerides and
the need for hypolipidemic therapy; infections; and any
other post-conversion adverse event.
Discontinuation was defined as stopping the drug
when the patient was alive. The reason for EVER discontinuation was recorded.

based on clinical symptoms, electroencephalograms, craneoencephalic computed tomography, cerebral magnetic
resonance imaging, lumbar punctuation and viral serological testing. Renal dysfunction was defined as the presence of serum creatinine > 1.5 mg/dL. Amelioration of
renal function was defined as a statistically significant (P
< 0.05) difference between mean serum creatinine levels
at two different points of follow-up.
Doses and trough levels
Doses and trough levels of EVER were assessed on the
day of conversion and at 15 d and 1, 3, 6 and 12 mo
post-conversion. Tacrolimus levels were also assessed at
the same times.

Survival post-conversion
All patients were followed up until December 2012, death
or drug withdrawal. Patient survival post-conversion and
cause of death were analyzed according to the reason for
conversion and EVER-related deaths.

Assessment of efficacy
The variables analysed at the time of conversion and
thereafter were: total bilirubin and transaminases; serum
creatinine; amelioration or resolution of neurotoxicity
or other causes for which EVER was introduced. Serum
creatinine was assessed on the day of conversion and at
3, 6 and 12 mo post-conversion. Acute rejection postconversion was suspected based on enzymatic alteration
of liver function, assessed by liver biopsy, and defined according to the Banff criteria.
Patients converted to prevent HCC recurrence were
compared with a historical cohort not receiving EVER
and matched for MELD status, year of transplantation ±
18 mo, presence or absence of vascular invasion, tumour
type and size. We found appropriate matches for all the
variables except vascular invasion due to a scarcity of
receptors. Efficacy was assessed by comparing patient
survival and the time elapsed from liver transplant to recurrence in the patients receiving EVER and those in the
historical cohort.
Patients with HCC recurrence after transplantation
were also compared with a historical cohort not receiving
EVER and matched for the time elapsed from liver transplantation to tumour recurrence, site of recurrence, and
Milan criteria. Efficacy was assessed by comparing patient
survival post-recurrence for patients receiving EVER and
those in the historical cohort.
Patients who developed de novo tumours were compared with a historical cohort of patients not receiving
EVER and matched for tumour histology, time elapsed
from liver transplantation to tumour, and type of treatment post-diagnosis. Efficacy was assessed by comparing
patient survival post-recurrence for patients receiving
EVER and those in the historical cohort.
Other efficacy variables were glucose levels and the
need for anti-diabetic therapy post-conversion and blood
pressure and the need for antihypertensive drugs. These
variables were evaluated qualitatively as “amelioration or
resolution”, “worsening” and “no change”.

Statistical analysis
The student’s t-test or the Mann-Whitney U test were
used for quantitative data and Pearson’s χ 2 or Fisher’s
exact test for categorical data. Significance was set at P
< 0.05. Data are expressed as mean ± SD, or as percentages. The Kaplan-Meier method was used for survival
analysis. All analyses were performed with SPSS version
15.0 (SPSS Inc., Chicago, IL, United States).

RESULTS
Data on the demographic characteristics of recipients,
donors and surgery are shown in Table 1. Mean patient
age at the time of conversion was 57.7 ± 10 years and
median age was 60 years (range: 27-74); nine patients
(12.2%)were over 70 years of age.
Reasons for conversion to EVER are shown in Table
2. Pre-conversion therapy was based on tacrolimus in 69
patients, neoral cyclosporine (CyA) in four, and MMF in
one. Post-conversion therapy consisted of: tacrolimus in
54 patients, CyA in three, and a CNI-free regimen in 17.
Pre- and post-conversion drug combinations are specified in Table 3.
Median time between transplantation and introduction of EVER was 6 mo (range: 0.10-192 mo). Fortytwo patients (56.8%) were converted during the first year
post-transplantation and the remaining 32 patients (43.2%)
after the first year. Median time between event onset and
conversion was 1 mo (range: 0.1-19) (Table 1).
Doses and trough levels
Conversion to EVER was managed differently according to the reason for conversion; however, loading doses
were never used. In cases of refractory rejection, EVER
was administered at an initial dose of 1 mg every 12 h,
with subsequent doses adjusted to obtain trough levels
between 3 and 5 ng/mL. At the same time, CNI was
maintained at high doses. When the reason for conversion was CNI-related adverse events, EVER was started
at 0.5 mg once or twice a day and the CNI dose was reduced to half or completely withdrawn, depending on the
severity of the adverse events. When the reason for conversion was cancer (extended tumour in the explant, can-

Time elapsed from liver transplantation to conversion
Early conversion was defined as conversion during the
first year post-transplantation, and late conversion as
conversion after the first year post-transplantation.
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Table 1 Characteristics of recipients, donors, surgery and posttransplant evolution in 74 patients receiving everolimus n (%)

Table 2 Causes of conversion and other comorbidities at the time
of conversion to everolimus in 74 liver transplant patients n (%)

Recipient

Cause of conversion
Refractory rejection
Extended HCC in
explanted liver
HCC recurrence
during follow-up
De novo tumour

Donor

Surgery

Post-transplant
evolution

Mean age (yr)
Patients > 65 yr
Male/female
Diagnosis
HCC with cirrhosis
Alcoholic cirrhosis
HCV cirrhosis
Cholostatic cirrhosis
Liver insufficiency
HCV - HBV
ETOH
HIV
Child-Pugh A/B/C (%)
UNOS (home/Hosp/ICU (%)
Pre-LT associated disease
Renal insufficiency
Diabetes mellitus
Arterial hypertension
Cardiopathy
Previous surgery
Mean age (yr)
Patients > 70 yr
Male/female (%)
Graft steatosis > 20%
Death (CET, CVA, Other) (%)
E-E/E-E + Kehr/C-Y (%)
Previous portal thrombosis
Median RBC units
Cold ischaemia time (min)
Ischaemia-reperfusion injury
(ALT > 1000 IU, Quick < 60%)
Biliary complication
Postoperative arterial
complication

Median time
from event to
conversion
Median time from
LT to conversion
Early/late
< 1 yr/≥ 1 yr
conversion
Mean follow-up
post-conversion
Median follow-up
post-conversion

55.5 ± 9 r (25-69)
10 (13.5)
55 (74.3)/19 (25.7)
35 (47.2)
18 (24.3)
16 (21.6)
3 (4.1)
2 (2.8)
40 (54)-3 (4)
38 (51.4)
4 (5.4)
35-30-35
90.5-6.8-2.7

CNI-related
neurotoxicity
Renal dysfunction

6 (8.1)
13 (17.6)
8 (10.8)
6 (8.1)

Other causes
4 (5.4)
Comorbidity at time of conversion
Chronic renal
22 (29.8)
insufficiency
Diabetes mellitus
21 (28.4)

11 (14.9)
18 (24.3)
14 (18.9)
3 (4.1%)
15 (20.3)
48 ± 19 r (14-81)
14 (19)
49 (66)/25 (34)
11 (15)
43-43-14
84-8-8
10 (13.6)
4 (r: 0-40)
378 ± 97
14 (19)

Arterial hypertension

25 (33.8)

Dyslipidemia

30 (40.5)

Resolution
Prevention of
recurrence
Stabilization

17 (73.9)
7 (50)

Prevention of
recurrence
Resolution or
Stabilization
Resolution or
Amelioration
Resolution

8 (61.5)

Resolution or
Amelioration
Resolution or
Amelioration
Resolution or
Amelioration
Resolution or
Amelioration

15 (68.2)

0 (0)

8 (100)
3 (50)
2 (50)

8 (38)
3 (12)
2 (6.7)

Outcome to everolimus shown as resolution, stabilization or amelioration
of the cause or comorbidity. In 45 of 74 patients (60.8%), the cause was
resolved, stabilized or ameliorated. HCC: Hepatocellular carcinoma;
CNI: Calcineurin inhibitors. Other causes include: 1 chronic biliary
cirrhosis recurrence plus chronic rejection, 1 sinusoidal hepatic fibrosis,
1 graft-versus-host disease, 1 chronic cholostatic liver dysfunction in the
postoperative period.

7 (9.5)
2 (2.7)

of patients.

1 mo (r: 0.1-19)

Refractory rejection: When EVER was used to treat
refractory rejection (n = 23), the event was resolved correctly in 17 patients (73.9%) (Table 2). The remaining
six patients failed to respond: four progressed to severe
chronic refractory rejection finally requiring retransplantation and two died, one due to sepsis and one from concomitant severe hepatitis C recurrence.

6 mo (r: 0.1-192)
42 (56.8)/32 (43.2)
22 ± 19 mo (r: 0.5-74)
17.5 mo

Prevention of HCC recurrence: When EVER was indicated for prevention of HCC recurrence (n = 14), seven
patients (50%) remained recurrence-free for a mean postconversion follow-up of 33.8 ± 27 mo (Table 2). Three
patients suffered recurrence at a mean post-conversion
follow-up of 33.7 ± 33 mo, and four patients died due
to HCC recurrence at a mean post-conversion follow-up
of 15.1 ± 11 mo. When these 14 patients were compared
with the historical cohort matched for MELD status, year
of transplantation, and some pathological characteristics
of the explanted liver, no differences either in survival
or in time to recurrence were observed between the two
groups (Table 4).

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HBV: Hepatitis
B virus; ETOH: Cirrhosis due to alcohol; HIV: Human immunodeficiency
virus; UNOS: United Network for Organ Sharing classification; ICU:
Intensive care unit; LT: Liver transplantation; CET: Cranioencephalic
trauma; CVA: Cerebrovascular accident; E-E: End-to-end choledococholedostomy; E-E + K: End-to-end choledoco-choledostomy + kehr; C-Y:
Choledoco-jejunostomy; RBC: Red blood cells; IU: International units; r:
Range.

cer recurrence during follow-up, or de novo tumor), EVER
was introduced at a dose of 0.5 mg/d, with trough levels
adjusted to under 3 ng/mL, and CNI was drastically reduced to half or completely withdrawn. Doses and levels
of EVER for the entire series of patients and tacrolimus
levels for patients receiving this drug post-conversion are
shown in Figure 1.

Patients with HCC recurrence: Six patients were converted to EVER due to HCC recurrence after liver transplantation. Types of post-transplant recurrences were:
intra-abdominal at 122 mo; pulmonary at 6 mo; bone
metastasis at 42 mo; liver recurrence at 46 mo; brain metastasis at 10 mo, and peritoneum-pulmonary metastasis

Efficacy
The cause of conversion to EVER was resolved in 60.8%
WJT|www.wjgnet.com

23 (31.1)
14 (19)

125

June 24, 2014|Volume 4|Issue 2|

Bilbao I et al . Everolimus after liver transplantation

A

Table 3 Type of immunosuppression pre- and post-conversion
to everolimus
Post-conversion

n = 74

1.5

16
20
12
21
1
1
2

FK + EVER
FK + EVER + MMF
FK + EVER + ST
FK + EVER + MMF + ST
CyA + EVER

38
1
11
4
3

1.0

EVER
EVER + ST
EVER + MMF
EVER + MMF + ST

2
5
2
8

B

6

yr
1

m
o

m
o
3

m
o
1

15

10
8
6

FK: Tacrolimus; MMF: Mycophenolate mofetil; ST: Steroids; CyA: Neoral
cyclosporine; EVER: Everolimus.

4
2

at 3 mo. Two patients were within the Milan criteria and
four outside. All died at a mean time post-conversion of
14 ± 10.9 mo (3-31). When these six patients were compared with the historical cohort matched for recurrence
site (1 suprarenal, 2 lung, 1 liver, 1 brain, 1 bone), time
to recurrence and Milan criteria, survival post-recurrence
was similar in those receiving EVER and those receiving
other, non-mTORi immunosuppressants (Table 4).

C

yr
1

o
m

m

o

6

1

3

m

o

d
15

Da
y

0

0

7
6
5
4
3

Patients with de novo tumour: In thirteen patients,
the reason for conversion to EVER was the appearance
of a de novo tumor: 4 colon, 2 prostate, 2 esophagus, 2
larynx, 1 lung, 1 anus, and 1 breast. After onco surgical
treatment of the tumor, eight patients remained alive and
tumor-free at a mean follow-up post-tumor treatment
of 37.7 ± 14.5 mo, four died at a mean follow-up posttumor treatment of 21.5 ± 12.3 mo, and one (with colon
cancer) is alive but with liver metastasis at 40 mo posttumor treatment. In patients undergoing surgery, EVER
was introduced as soon as healing was completed - 2-4
wk post-surgery. When these 13 patients were compared
with the historical cohort matched for tumor type, time
to development of the de novo tumor, and type of treatment, survival post-tumor treatment was similar in those
receiving EVER and in those receiving other, non-mTORi immunosuppressants (Table 5).
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Figure 1 (A) Doses and (B) trough levels of everolimus for the entire series and (C) trough levels of tacrolimus for patients receiving this drug in
the post-conversion regimen. Mean values and range (minimum-maximum).
A: Doses of everolimus (ng/d); B: Trough levels of everolimus (ng/mL); C:
Trough levels of tacrolimu (ng/mL).

mo post-conversion. In the three patients who converted
within the first year post-transplantation, renal function
ameliorated, while two patients with established chronic
renal insufficiency for more than five years post-transplantation remained unchanged, and one patient with
an episode of acute renal insufficiency in the immediate
postoperative period failed to improve. If we consider all
the patients suffering from renal insufficiency at the time
of EVER introduction, whatever the reason for conversion, the improvement was statistically significant: serum
creatinine was 2.5 ± 1.01 pre-conversion, 1.59 ± 0.62 at
3 mo post-conversion, 1.62 ± 0.56 at 6 mo post-conversion, and 1.74 ± 0.76 at 12 mo post-conversion.

Neurotoxicity: EVER was indicated in three patients
with seizures, two with akinetic mutism, one with a cerebrovascular stroke plus multifocal progressive leukoencephalopathy, one with Guillain-Barré syndrome, and one
with generalized tremor. Acompanying symptoms were
different levels of speech disorders, including dysarthria,
expressive dysphasia and apraxia. In all patients, EVERbased immunosuppression allowed a CNI-free period of
time to reverse or ameliorate neurotoxicity.

Other causes: One patient was converted to EVER owing to liver dysfunction with cholostasis starting at 7 mo
post-transplantation and progressing to severe cholostasis
three months later (Table 2). Two liver biopsies at 8 and
10 mo post-transplantation revealed sinusoidal fibrosis and undetermined hepatitis. After conversion, liver
function was completely restored within 1 mo. Another
patient with a similar cholostatic syndrome one year af-

Renal dysfunction: In the six patients in whom EVER
was indicated due to renal insufficiency, serum creatinine
changed from 2.54 ± 1.11 mg/dL pre-conversion to 1.63
± 0.86 mg/dL at 3 mo post-conversion, 1.69 ± 0.91 mg/
dL at 6 mo post-conversion, and 2 ± 1.45 mg/dL at 12
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Table 5 Comparison between liver-transplanted patients with

Table 4 Comparison between patients with hepatocellular
carcinoma outside Milan criteria in the explanted liver receiving
everolimus and a historical cohort not receiving mTOR inhibitors,
and liver-transplanted patients with recurrence of hepatocellular
carcinoma receiving everolimus and a historical cohort not
receiving mammalian target of rapamycin inhibitors n (%)
HCC outside Milan criteria in
explanted livers

Patients
receiving
everolimus
n = 14

Recipient age at transplant (yr)
55.5 ± 11.3
Recipient sex (male-female) (%)
86-14
Child–Pugh status
6.7 ± 1.8
MELD score
13.6 ± 5
Size of largest tumour on pathologic 3.43 ± 1.50
exam
Nº of tumours at pathologic exam
2.70 ± 1.7
Microvascular invasion
10 (78)
Macrovascular invasion
5 (39)
Satellitosis
7 (50)
Well-moderately differentiated
31-69
tumour (%)
Mean alpha-fetoprotein
366 ± 771
Median alpha-fetoprotein
12 (3-2571)
HCC treatment while on waiting list
9 (64.3)
Mean donor age in years
59 ± 14.9
Mean and median patient survival
56 ± 8.5 (59)
post-LT (mo)
HCC recurrence in post-LT follow-up
Recipient age at transplant (yr)
Recipient sex (male-female) (%)
Milan criteria in explanted liver
(yes-no) (%)
Mean donor age (yr)
Months from LT to recurrence
Immunosuppression at recurrence
(CyA-FK) (%)
Type of recurrence
(intra–extrahepatic) (%)
Survival after recurrence (mo)

Historical
controls
without
mTORi
n = 14

P

56.38 ± 7.1
79 - 21
6.5 ± 1.4
11.4 ± 3.4
3.152 ± 1.05

NS
NS
NS
NS
NS

2.74 ± 1.7
4 (29)
0
3 (21.4)
50-50

NS
0.02
0.01
NS
NS

55 ± 125
8 (2-445)
8 (57)
58 ± 12.6
67 ± 11 (54)

NS
NS
NS
NS
NS

n=6
53.6 ± 10
100-0
33-67

n=6
46.5 ± 13
83-17
33-67

P
NS
NS
NS

52.1 ± 16
37.9 ± 45
17-83

41 ± 12.8
28.5 ± 30
17-83

NS
NS
NS

17-83

17-83

NS

14.1 ± 11

16.6 ± 12.5

NS

de novo tumour receiving everolimus and a historical cohort not
receiving mammalian target of rapamycin inhibitors

Historical
Patients
receiving controls without
mTORi
everolimus
n = 13
n =13
Recipient age at transplant (yr)
60.8 ± 5.8
Recipient sex (male-female) (%)
77-23
Indication for LT (%)
Postnecrotic-HCC in cirrhosis
68%
Mean time from LT to diagnosis
67 ± 50
of de novo tumour (mo)
Tumour site and histology
Colon ADK
4
Prostate ADK
2
Lung SCC
1
Larynx SCC (4)
2
Esophagus SCC(3) + ADK(1)
2
Anus SCC
1
Breast IDC
1
Type of treatment
Surgery ± QT ± RT
10
QT ± RT
3
Immunosuppression at diagnosis
Cyclosporine-tacrolimus (%)
8-92
Mean patient survival from
32.9 ± 15
diagnosis of tumour (mo)

70%
65.9 ± 37

NS
NS
NS
NS
NS
NS

4
2
1
2
2
1
1
NS
10
3

NS

24-76
30.7 ± 20.6

NS
NS

mTORi: Mammalian target of rapamycin inhibitors; LT: Liver transplantation;
HCC: Hepatocellular carcinoma; ADK: Adenocarcinoma; SCC: Squamous
cell carcinoma; IDC: Infiltrative ductal carcinoma; QT: Chemotherapy; RT:
Radiotherapy; NS: No significant.

betes mellitus, 25 patients had high blood pressure at
the time of conversion and 21 had insulin-dependent
diabetes mellitus (Table 2). Blood pressure improved in
three patients (12%), as shown by lower blood pressure
or by a reduced need for antihypertensive drugs. One of
them was converted to CNI free regimen (EVER and
steroids). Glucose values or insulin doses improved in
eight patients (38%). Three of them were converted to
CNI free regimen (EVER and mycophenolate mofetil) .
Dyslipidemia was present in 30 patients and serum values
improved in only two (6.7%), whose regimen were CNI
low dose and EVER.

HCC: Hepatocellular carcinoma; mTORi: Mammalian target of rapamycin
inhibitors; LT: Liver transplantation; CyA: Neoral cyclosporine; FK:
Tacrolimus; NS: No significant.

ter transplantation did not improve and finally died. A
third patient converted to EVER due to graft-versushost disease one month post-transplantation. Immunosuppression was changed from tacrolimus to low doses
of EVER to reduce any hypersensitivity to tacrolimus
and counterbalance the steroid bolus administered. This
patient was maintained on EVER monotherapy at 2-3
ng/mL and did well for two months but finally died from
sepsis due to bone marrow aplasia as progression of his
graft-versus-host disease. A fourth patient converted to
EVER suffered long-lasting primary dysfunction of the
liver. Two liver biopsies confirmed cholostatic preservation injury. Total bilirubin was normalized after introduction of EVER in combination with tacrolimus and steroids.

Efficacy according to the time elapsed between
transplantation and conversion to EVER
In general, conversion to EVER was successful in a
greater percentage of patients when the conversion occurred during the first year post-transplantation (Table
6). Success rates in cases of early conversion were higher
than in those of late conversion, especially in cases of
refractory rejection (84.6% vs 60%), neurotoxicity (100%)
and renal dysfunction (75% vs 0%).
Side effects and discontinuation
Liver graft function after conversion was well preserved
in all cases except in 11 patients (14.9%) who presented
acute cellular rejection (4 moderate and 7 mild) requiring the reintroduction of CNI (Table 7). Ten of these

Efficacy for other comorbidities: Although EVER
was never indicated for arterial hypertension and dia-
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59.5 ± 6.6
75-25

P
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Table 6 Efficacy in cases of early (within one year posttransplantation) and late (after one year post-transplantation)
conversion to everolimus n (%)

Table 7 Adverse events, causes of discontinuation and mortality n (%)

Early conversion
Cause of conversion

Adverse events
Dyslipidemia
Infections
Mucositis
Diarrhoea
Proteinuria
Acute rejections post-conversion
Causes of discontinuation
Resolution of the cause of conversion
Non-responding rejection and
retransplantation
Drug-related adverse events
Intercurrent surgery
Causes of mortality
HCC recurrence during follow-up
De novo tumour
HCV recurrence
Chronic rejection
Sepsis
Graft-vs-host disease
Other causes

42 (56.8)

Refractory rejection
Advanced HCC in
explanted liver
HCC recurrence during
follow-up
De novo tumour
CNI-related
neurotoxicity
Renal dysfunction
Other causes
Late conversion
Cause of conversion

13 (17.6)
12 (16.3)

Refractory rejection
Advanced HCC in ex
planted liver
HCC recurrence
during follow-up
De novo tumour

10 (13.5)
2 (2.7)

CNI-related neurotoxicity
Renal dysfunction
Other causes

3 (4.1)
0
8 (10.8)
4 (5.4)
2 (2.6)
32 (43.2)

3 (4.1)
13 (17.6)
0
2 (2.7)
2 (2.7)

Patients receiving everolimus
(n = 74)

Resolution/stabilization or
prevention of recurrence in
29 patients (69)
Resolution in 11 (84.6)
Prevention of recurrence in
6 (50)
Resolution or amelioration
in 8 (100)
Resolution in 3 (75)
Resolution in 1 (50)
Resolution/stabilization or
prevention of recurrence in
16 patients (50)
Resolution in 6 (60)
Prevention of recurrence in
1 (50)
-

5 ( 6.7)
4 ( 5.5 )
25 (33)
10
4
4
4
1
1
1

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus.

Prevention of recurrence in
8 (61.5)
Resolution in none (0)
Resolution in 1 (50)

24.72 mo (range: 6-74) and 21.50 mo; post-transplant
HCC recurrence, 14.16 ± 10.94 mo (range: 3-31) and 13
mo; de novo tumor, 32.92 ± 15 mo (range: 5-54) and 32
mo; renal dysfunction, 14.85 ± 13.58 (range: 0.5-41) and
18 mo; and other CNI-related adverse events, 25.87 ±
21.53 mo. Causes of death are shown in Table 7. There
were no EVER-related deaths.

HCC: Hepatocellular carcinoma; CNI: Calcineurine inhibitors.

patients experiencing acute rejection had converted to
EVER without CNI within the first year post-transplant.
EVER-related side effects occurred in 27 patients
(36.5%), some of whom experienced more than one
(Table 7). Dyslipidemia was managed with the introduction of hypolipemic drugs. Infections included severe
hepatitis C recurrence in four cases, bacterial pneumonia
in two, pulmonary tuberculosis in one, CMV infection,
pulmonary aspergillosis and sepsis in graft-versus-host
disease in one, and bacteriemia in one. Infections were
treated according to the cause and by reducing the total
amount of immunosuppression. Twenty-one patients
(28.4%) stopped taking EVER (Table 7): six owing to
resolution of the cause (acute rejection in four, convulsions in one, renal dysfunction in one); six because of
inefficacy in resolving chronic rejection; five due to adverse events (infections in four, proteinuria in one); and
four due to intercurrent surgery, with reintroduction of
EVER two to three weeks after surgery.

DISCUSSION
The principal aim of this retrospective study was to
study the real use and management of EVER in patients
treated off-protocol and help redefine the true role of
mTORi in clinical practice. In the field of liver transplantation, we are faced with clear challenges for the 21st
century, one of which is establishing patient profiles for
individualising immunosuppression strategies. Sirolimus,
the first mTORi introduced into clinical practice some
years ago, was largely unsuccessful[1], but it has provided
sufficient experience to help improve the use and management of EVER, another mTORi.
Reasons for introducing EVER
The most frequent indication for introducing EVER in
our series was a high risk of tumour recurrence. So, our
first experience with EVER was at low doses within a
dual regimen while minimizing CNI. This experience
provided evidence of the safety and efficacy of EVER,
and we were able to avoid the adverse events associated
with high doses of sirolimus. Furthermore, the pharmacokinetic differences between EVER and sirolimus permitted a 12-h administration and offered the possibility
of providing much greater accuracy in trough levels and
dose calculation.

Patient survival and follow-up
Mean follow-up post-conversion for the entire series was
22 ± 19.33 mo (range: 0.5-74), with a median of 17.5
mo. Actuarial patient survival post-conversion was 54%,
46% and 23% at 1, 3 and 5 years, respectively. Mean and
median follow-up differed according to the reason for
conversion: refractory rejection, 15.10 ± 15.96 mo (range:
0.5-54) and 9 mo; HCC outside Milan criteria, 29.10 ±
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27 (36.5)
27 (36.5)
9 (12.2)
3 (4.1)
1 (1.4)
1 (1.4)
11 (14.9)
21 (28.4)
6 ( 8.1)
6 ( 8.1)
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We have used EVER in all types of transplant patients, regardless of age, sex, cause, the severity of liver
disease, or concomitant diseases. Advanced age, coinfection with HCV and HIV viruses, diabetes mellitus,
arterial hypertension, obesity, renal insufficiency, or even
dyslipidemia did not constitute a contraindication for the
use of EVER.

that freedom from rejection correlated with trough blood
levels of 3 ng/mL or more. Six patients with chronic rejection did not benefit from the introduction of EVER
and were finally retransplanted, suggesting that the drug
has the greatest effect during the early post-transplantation period and that there is little or no benefit from
EVER in the case of chronic rejection.

Cancer patients
Cancer patients deserve special mention, since the mTOR
pathway is necessary for tumour cells to grow[25]. There
are three potential profiles of cancer patients. Firstly, in
patients transplanted for HCC outside the Milan criteria
and/or with macro- or microvascular invasion in the
explanted liver, EVER would be used as prophylaxis and
would be introduced in the early post-transplantation
period[10]. Secondly, in patients transplanted for HCC
with recurrence of the original tumour during follow-up,
EVER would be used as treatment[26]. Finally, in transplanted patients who develop a de novo tumour during
follow-up, EVER would also be used as treatment[27,28].
In our study, in patients whose tumours were outside
the Milan criteria in the explanted liver, either EVER
or CNI was administered at low doses between six and
twelve weeks post-transplant. We had difficulty finding
appropriate historical matches for this subgroup of patients. Although macro- and microvascular invasion was
greater in the EVER group, there was also a trend towards longer survival. This trend did not, however, reach
statistical significance - probably due to the low number
of patients. To date, no published randomized study has
demonstrated the beneficial effect of the use of mTORi
as prophylaxis, but we believe that EVER provides a
benefit since it is the least pro-carcinogenic immunosuppressant and allows doses of known pro-carcinogenic
immunosuppressants to be reduced. We await the results
of a future randomized prospective study[29].
One of the main late indications in our study was the
development of a de novo tumour or recurrence of the
original HCC. Again, survival in the EVER group was
longer but did not reach statistical significance compared
to our historical cohort, probably due to the low number
of patients included. Taking into account that the antitumour properties of mTORi are at doses much higher
than those used in clinical practice[30], we agree with other
authors[20,21] that EVER appears to be effective at reducing tumour recurrence.

Neurotoxicity and other CNI-induced toxicities
Our experience with EVER without CNI was in patients
with severe neurotoxicity or other severe adverse effects
triggered by CNI, especially in the early post-transplantation period, although some cases were observed during
the late post-transplantation period. Initial doses and
trough levels were high, in the same range as for patients
with refractory rejection. Our findings, consistent with
other authors[32], indicate that EVER-based immunosuppression - either with or without other non-CNI drugs
- is a feasible and effective option, at least for the time
required for CNI-induced neurological complications to
disappear. However, the risk of acute rejection during the
first year post-transplantation indicates a need for caution. Therefore, we do not believe that regimens based on
EVER without CNI should be the principal use of this
drug, at least during the first year post-transplantation.
The improvement achieved in some patients with diabetes and arterial hypertension was probably due to the
parallel decrease in CNI levels and/or steroids. None of
these co-morbidities were indications for conversion and
they were evaluated in a qualitative and global way that
makes difficult to explain the real cause of improvement.
However, we believe that regimens based on EVER and
low levels of CNI could play a role in patients with metabolic syndrome[33], although further studies are required
to ascertain their ability to modify the risk of cardiovascular disease[34].
Early and late renal dysfunction
In our study, an overall improvement in serum creatinine
levels was observed in patients whose indication for receiving EVER was renal dysfunction. However, when we
specifically analyzed the six patients converted for renal
insufficiency, the maximum benefit was attained in those
converted within the first year post-transplantation. Several liver studies and multicentre randomised trials[35,36] introducing EVER at one month post-transplantation have
reported an amelioration in the glomerular filtration rate
at 12 and 24 mo post-transplantation in patients receiving
tacrolimus plus EVER and minimizing CNI compared to
those receiving standard tacrolimus and steroids.

Patients with acute rejection
The second most frequent indication for the introduction of EVER was to reinforce the immunosuppressive
regimen in cases of severe or refractory acute rejection.
In this situation, EVER could be safely administered
together with CNI and steroids as triple therapy or with
the addition of MMF as quadruple therapy as early as 10
d post-transplant, once healing was complete. The initial
doses and trough levels reached were the highest. The
phase Ⅱ trial[31] comparing three doses of EVER showed
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Adverse events and discontinuation at low doses
No life-threatening adverse events were observed. The
main adverse event was dyslipidemia, which was easily controlled by reducing the EVER dose and adding a
statin. None of our patients presented EVER-associated
interstitial pneumonitis or severe sepsis, as had previously
been reported in other studies[37], and drug-related deaths
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HCV and HCC recurrence, de novo tumours and cardiovascular events. Looking at this scenario, we can imagine
more renal dysfunction, more metabolic syndrome and
cardiovascular events, and more cases of cancer. Marginal
donors would increase the incidence of primary liver
dysfunction and resultant renal dysfunction. The use of
the MELD score to select patients for transplantation
would increase the incidence of post-transplant renal
dysfunction. The incidence of metabolic syndrome is
increasing both in candidates for liver transplantation and
in recipients during the post-transplantation period, as
well as in the general non-transplanted population, which
in turn would increase the risk of cardiovascular events
in the long term. The new antiviral therapies for hepatitis
C may affect the need for liver transplantation; however,
the HCV in the small number of patients not responding
to the new drugs will be more selected and perhaps more
aggressive. The incidence of HCC secondary to HCV
cirrhosis would decrease, but HCC secondary to NASH
would increase. Improved post-transplantation management of patients would mean longer patient survival and
thus a greater probability of tumour recurrence or a de
novo tumour (Table 8). We urgently need an immunosuppressant that will meet all the requirements. EVER is a
drug with a good profile for renal dysfunction, a certain
antifibrotic effect, an ability to inhibit the mTOR pathway used by cancer cells, and a good degree of effectiveness in reducing cardiovascular risk events. Future trials
will demonstrate if EVER is the immunosuppressant we
need.

Table 8 Future challenges in liver transplantation and the
potential role of everolimus
Future challenges

Potential role of everolimus

More marginal donors
Renal function protection
Recipients with more serious
Renal function protection
disease, selected by MELD
Recipients with more serious
Prevention of cardiovascular events
disease, with metabolic syndrome
Less HCV cirrhosis but more
Antifibrotic effect
aggressive strains
More NASH
Prevention of cardiovascular events
More metabolic syndrome during Prevention of cardiovascular events
follow-up
More HCC recurrence
Antiproliferative effect
More de novo tumours
Antiproliferative effect
CNIe-related neurotoxicity
Good neurological profile
MELD: Model for end-stage liver disease; HCV: Hepatitis C virus; NASH:
Non-alcoholic steato hepatitis; HCC: Hepatocellular carcinoma; CNI:
Calcineurine inhibitors.

did not occur. This was probably due to the low doses of
EVER (Figure 1) and the lessons learned from our previous experience with sirolimus[38].
A good percentage of failure or discontinuation of
the drug is probably related to the timing of the introduction of EVER in critical and irreversible situations
where other immunosuppressants have failed. A real
problem in the long-term management of mTORi is
wound complications, which would render EVER inadvisable in stable patients with good liver function who
must undergo some type of intercurrent surgery. In such
cases, we would recommend withdrawal of the drug and
its reintroduction, if necessary, four weeks after surgery.

COMMENTS
COMMENTS
Background

Challenges in the 21st century and the potential role of
EVER
According to our study, there are several potential indications for the use of EVER after liver transplantation.
During the early post-transplantation period, EVER can
be used as one component of a triple therapy for refractory rejection, as one component of a double therapy
with CNI (both at half the normal dose) in cases of extended tumours in the explanted liver, and at low doses
without CNI in cases of severe CNI-related adverse effects. During the late post-transplantation period, EVER
can be used at low doses in patients with CNI-related adverse effects and in those with HCC recurrence or de novo
tumours. In general, we recommend EVER at low doses
and as a support immunosuppressant. In this scenario,
the rate of adverse events, discontinuations and drugrelated deaths will be acceptable.
The future of liver transplantation presents the following scenario (Table 8): (1) increasing acceptance of
marginal donors to increase the pool of grafts; (2) recipients with more severe liver disease according to the
MELD criteria[39]; (3) a higher frequency of recipients
with metabolic syndrome as a comorbidity; (4) less HCV
cirrhosis and more NASH as the reason for transplantation[40]; and (5) longer patient survival but with increased
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Calcineurine inhibitors (CNI) are the most powerful immunosuppressants used
in liver transplantation, however the long-term survival and quality of life are
partly overshadowed by the appearance of adverse effects of its chronic use,
such as renal dysfunction, metabolic syndrome, cardiovascular complications,
de novo tumor and recurrence of underlying disease. Previous attempts to
overcome these complications with the use of mammalian target of rapamycin
(mTOR) inhibitors (an immunosuppressant with a different way of action), did
not succeed. However, everolimus seems to cope with them and to partially
contribute to search their role.

Research frontiers

New emerging immunosuppressants must be powerful enough to avoid rejection in the same way as calcineurine inhibitors, but at the same time must avoid
calcineurine inhibitors-related adverse events. The association of tacrolimus
and everolimus could represent the best regimen to cope with the different profiles of patients after liver transplantation.

Innovations and breakthroughs

Recent multicentre trials have highlighted the important of everolimus introduction at one month post-transplant together with low dose tacrolimus to protect
early and long term renal function after liver transplantation. In this single-centre
study, the authors report other off-protocol indications for everolimus, that could
fit into the various profiles of patients that most concern to medical teams, cancer
patients and patients with co-morbidities derived from calcineurine inhibitors.

Applications

Due to the lack of new immunosuppressants, optimization of treatment regimens is of great value to increase patient and graft survival after liver transplantation. In the near future two facts will be relevant. First, survival will continue to
increase over time, to the same extent that the need for calcineurine inhibitors
sparing protocols. Second, the authors probably will see a change in the indications for liver transplantation, from hepatitis C liver cirrhosis toward cancer
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patients. This article could serve as a starting point to be explored with further
studies.

Terminology

13

Everolimus is an orally administered mTOR inhibitor, a proliferation signal employed by many mammalian cells, especially those with a high level of turnover
(skin, intestinal and hematological cells), but also many cancer cells and T-cells
implied in the second phase of the alloantigenic response. The same pathway
used by different cells of the human body, explains the dual characteristic of
this mTOR inhibitor as immunosuppressant and as antineoplastic.

14

Peer review

This an interesting review, it can be usefull for the readers.
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RESULTS: A total of 60 patients [age: 59 (49-64),
hepatitis C virus (HCV): n = 21 (35%), time from LT:
73 mo (16-105)] were included. Patients had been on
everolimus for a median of 15 mo. No differences in
inflammatory activity, APRI test or liver elastography
were found between the groups. No significant differences were observed between the groups in serum
levels of PⅢNP, metalloproteinase type = 1, angiopoietin, HGF, IP-10, TNF-α, IL-10 and vascular cell adhesion molecule. Patients on E had a lower expression of
TGF-β [E: 12.7 (3.7-133.6), CNI: 152.5 (14.4-333.2),
P = 0.009] and HA [E: 702.89 (329.4-838.2), CNI:
1513.6 (691.9-1951.4), P = 0.001] than those on CNI.
This difference was maintained in the stratified analysis
when recipient age is more than 50 years (TFG-β1: P
= 0.06; HA: P = 0.005), in patients without active neoplasia (TFG-β1, P = 0.009; HA: P = 0.01), according to
time since LT (> than 5 years, TFG-β1: P = 0.001; HA:
P = 0.002), related to previous history of biliary complications (HA: P = 0.01) and HCV recurrence (HA: P =
0.004). Liver transplant recipients with everolimus monotherapy had less serum expression of TGF-β y HA than
matched patients with anti-calcineurins. This difference
remains when classifying patients according to donor
age and time since LT. Due to the small sample size,
when examining patients with a prior history of biliary
complications or recurrent HCV, the difference was nonsignificant but trends towards the lower expression of
TFG-β1 in the everolimus group. Mammalian target of
rapamycin (mTOR) plays a role in the transformation
of quiescent hepatocellular stellate cell to their active

Abstract
AIM: To evaluate the expression of serum fibrosis
markers in liver transplantation (LT) recipients on
everolimus monotherapy compared to patients on an
anti-calcineurin regimen.
METHODS: This cross-sectional case-control study
included LT patients on everolimus monotherapy
(cases) (E) (n = 30) and matched controls on an anticalcineurin regimen (calcineurin inhibitors, CNI), paired
by etiology of liver disease and time since LT (n = 30).
Clinical characteristics, blood tests and elastography
were collected. Serum levels of transforming growth
factor-β (TGF-β), angiopoietin-1, tumor necrosis factor
(TNF), platelet derived growth factor, amino-terminal
propeptide of type Ⅲ procollagen (PⅢNP), hyaluronic
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However, the results of a meta-analysis indicate no differences in mortality, graft survival, rejection, fibrosing
cholestatic hepatitis or severe fibrosis related to the use
of the calcineurin inhibitors, cyclosporine and tacrolimus
at 1 year of follow-up[9].
For prophylaxis against rejection in kidney transplant
patients, new immunosuppressors known as mammalian target of rapamycin (mTOR) inhibitors (sirolimus
and everolimus) have been recently introduced[10]. Small
observational studies have described their use[11], particularly in patients with renal failure[12-14] and in those
who develop post-transplant neoplasia[15,16]. mTOR is a
serine/threonine kinase that plays an important role in
cell proliferation, stellate cell activation, protein synthesis
[synthesis of interleukins interleukin (ILs) and transforming growth factor-β (TGF-β)][17,18], angiogenesis[19] and
cell metabolism (hypoxia inducible factor)[20].
Due to the role played by mTOR in key steps of
fibrogenesis, mainly reducing proliferation and activating hepatic stellate cell (HSC) and portal fibroblasts[21],
it has been proposed that inhibition of this molecule
could alleviate liver fibrosis in the graft. In effect, a recent
study conducted on bile duct-ligated (BDL) cirrhotic rats
showed that the mTOR inhibitors, sirolimus and everolimus, reduced liver fibrosis compared to the effects of
calcineurin inhibitors (CNI) after 5 wk of treatment[22].
The aim of this study was to compare serum levels
of mediators of liver fibrosis in liver transplant patients
under immunosuppressive regimes based on everolimus
(E) with those based on calcineurin inhibitors.

profibrotic state, and experimental models have demonstrated the potential activity of mTOR inhibition in
attenuating fibrogenesis.
CONCLUSION: This study supports a possible role of
everolimus in liver fibrosis modulation after LT in a clinical setting and suggests that tailoring immunosuppression could avoid fibrosis progression in the allograft.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Everolimus; Rapamycin; Liver fibrosis;
Mammalian target of rapamycin; Transplantation
Core tip: This study tries to approach the possible antifibrotic effect of everolimus, a mammalian target of a
rapamycin inhibitor, in the clinical setting. Some studies in animal models suggest that it could also have an
antifibrotic effect. The main conclusion of this study
is that liver transplantation recipients with everolimus
monotherapy had less serum expression of transforming growth factor-β and hyaluronic acid than matched
patients with anti-calcineurins that play an important
role in liver fibrosis. The study offers the rationale for
much needed future randomized controlled trials that
evaluate the modulation of post-transplant fibrosis.
Fernández-Yunquera A, Ripoll C, Bañares R, Puerto M, Rincón
D, Yepes I, Catalina V, Salcedo M. Everolimus immunosuppression reduces the serum expression of fibrosis markers in liver
transplant recipients. World J Transplant 2014; 4(2): 133-140
Available from: URL: http://www.wjgnet.com/2220-3230/full/
v4/i2/133.htm DOI: http://dx.doi.org/10.5500/wjt.v4.i2.133

MATERIALS AND METHODS
This cross-sectional study was conducted over the period April to October 2010. All consecutive patients
who underwent liver transplantation between 1995 and
2010 under everolimus immunosuppression alive at the
time of the study were enrolled. Patients were matched
with control LT patients undergoing calcineurin inhibitor treatment according to liver disease etiology and time
since LT. Exclusion criteria for cases and control patients
were acute rejection in the previous 6 mo, uncontrolled
infection or antiviral treatment, or unresolved biliary
complications.
Everolimus (Certican®, Novartis Pharma Schweiz AG,
Bern, Switzerland) is approved for prophylaxis against
rejection in de novo renal transplant recipients[10], for management of malignancy (chemotherapy resistant kidney
cancer, subependymal giant cell astrocytoma and neuroendocrine neoplasm)[20] and for use in drug-eluting coronary
stents[23]. However, this drug has also been used off-label
in liver and lung transplantation patients[24-27]. At our center, the use of everolimus in LT recipients is approved in
situations such as renal dysfunction or adverse events like
neurotoxicity due to CNI, development of de novo malignancies, recurrence of hepatocellular carcinoma, and the
presence of predictors of a high risk of hepatocellular
carcinoma recurrence in the explanted liver (satellitosis,
vascular infiltration and multinodularity disease)[28,29]. Con-

INTRODUCTION
Liver transplantation (LT) is the definitive treatment for
end-stage liver disease. However, the outcome of a liver
transplant can be compromised by allograft dysfunction
due to fibrosis, which can even lead to cirrhosis. Approximately 75% of liver biopsies conducted in long-term
LT survivors in whom liver tests are anomalous show
significant histopathological abnormalities[1,2]. Fibrosis in
the graft may be due to the recurrence of native disease
[especially recurrent hepatitis C virus (HCV)], hepatotoxicity, de novo disease, non-alcoholic steatohepatitis, chronic
rejection and/or vascular and biliary complications.
Strategies designed to prevent the progression of
fibrosis in the allograft include the specific treatment of
native disease[3,4] and/or stricter control of factors that
can accelerate this fibrosis[5]. In addition, tailoring the immunosuppressive regime has been proposed as a strategy
to regulate fibrogenesis in the post-transplant period.
In HCV patients, measures such as avoiding the use of
adjuvant pulse steroids for acute rejection and slow withdrawal of low-dose steroids beyond 12 mo have been
proposed to avoid any immune-mediated graft injury that
could induce an inflammatory and fibrogenic response[6-8].
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traindications for the use of everolimus are a prior history
of hepatic artery thrombosis, proteinuria greater than 800
mg/d and/or surgery in the previous 4 wk[29,30].

erative findings: bilirubin > 10 mg/dL, INR > 1.6 on
postoperative day or alanine aminotransferase (ALT) or
aspartate aminotransferase (AST) > 2000 IU/mL within
the first 7 postoperative days; (2) previous acute rejection: a histological picture compatible with rejection or in
cases of an abnormal liver test, conversion to a normal
test result after reaching optimal serum levels of immunosuppressants[1]; (3) chronic rejection: a compatible
histological picture[1]; (4) biliary tract disease: anastomotic
and non-anastomotic biliary strictures detected on imaging showing biochemical expression. Resolution of strictures was defined as a non-requirement for endoscopic,
radiological or surgical treatment of the stricture in the 6
mobefore inclusion; (5) uncontrolled neoplasia: a remission time under 2 years; (6) HCV recurrence: histological
indicators of inflammation or fibrosis in patients with
HCV viremia detected in protocol biopsies at 6 and 12
mo; and (7) arterial hypertension, diabetes mellitus or
dyslipidemia: defined according to the criteria established
by the European Society of Hypertension and the International Diabetes Federation[46,47].

Everolimus dosing and switching
An initial dose of 0.5-0.75 mg bid E was administered
and then increased 0.5 mg weekly to obtain a trough level
of 3-8 ng/mL. Tacrolimus and cyclosporine were tapered
by 15%-25% of the usual dose every 2 wk until complete
withdrawal. The overlap period between both drugs in
the E group treatment was a median of 1 or 2 mo[31-33]
before monotherapy was achieved. In patients who were
started on everolimus, steroids were given according
to the usual schedule, and then progressively tapered
and withdrawn by month 12 after liver transplantation.
Trough levels of everolimus, hematological and lipid profiles, renal and liver function tests and proteinuria were
monitored weekly until stable levels of the drug were
achieved[34].
Clinical and laboratory variables
Information was compiled on patient demographics,
etiology of cirrhosis, LT surgical variables, postoperative period and laboratory data. The immunosuppression
regime data recorded were present dose and blood levels,
time of administration, and combined treatment with
corticosteroids and/or mycophenolate.
Laboratory tests were performed to determine transaminases, cholestasis enzymes and simple validated fibrosis scores (APRI)[35-37]. Additionally, 20 mL of blood
were obtained to determine serum biomarkers of fibrosis
that had been identified in previous studies[38-42]. We determined serum markers that could be correlated with
late liver fibrosis by enzyme-linked immunosorbent assay, including those linked to matrix deposition such as
hyaluronic acid (Echelos, Bioscience Inc.), amino-terminal
propeptide of type Ⅲ procollagen (PⅢNP; Cusabio, Bionova), those linked to matrix degradation such as tissue
inhibitor of matrix metalloproteinase type 1 (TIMP-1; RayBiotech, Bionova), growth factors like angiopoietin (RayBiotech, Bionova), hepatocyte growth factor (HGF; RayBiotech, Bionova), platelet derived growth factor (PDGF;
RayBiotech, Bionova) and finally, inflammatory markers
that participate in the fibrogenesis-like TGF-β1 (Diaclone,
Bionova), adiponectin and leptin, IP-10 (interferon-inducible protein 10 calcineurin inhibitor; Diaclone, Bionova),
tumor necrosis factor alpha (TNF-α; Diaclone, Bionova),
interleukin 10 (IL-10; Diaclone, Bionova) and vascular cell
adhesion molecule (VCAM; Cusabio, Bionova).
Liver stiffness was measured by a trained nurse or
physician by transient elastography using a Fibroscan
instrument (Echosens, Paris, France). Measurements in
which 10 acquisitions were achieved, with a success rate
of at least 60% and an interquartile range lower than 30
were considered valid[43,44].

RESULTS
Sixty LT patients were recruited for the study (30 on
everolimus and 30 on CNI). The demographic characteristics of the participants are provided in Table 1. Patients
were predominantly men of median age 60 (49-64) years
in the everolimus group and 54 (46-60) years in the control CNI group. The most common cause of liver disease
that led to transplantation was alcoholic liver cirrhosis.
Median time since LT was approximately 6 years (IQR
16.7-106.4 mo) for both groups. No difference in donor
age or in the proportion of patients with early allograft
dysfunction was observed.
The median time of everolimus treatment was 15
(5-29) mo and the median time of the initial dose of
everolimus given from the time of LT was 2.7 years
(0.7-8.3). This is because the main indication to use
everolimus in our center was developing neoplasia de novo
(85.71%). Monotherapy with everolimus was achieved
in 25 patients (83.3%). Of the 5 patients on combination therapy (everolimus plus CNI), 1 patient was under
cyclosporine treatment and 4 patients received tacrolimus. These patients did not tolerate monotherapy with
everolimus immunosuppression. Most patients in the
CNI group were receiving tacrolimus (24 patients) and
had been under CNI treatment for a median time of 72
(17-108) mo. Approximately 25% of patients in the CNI
group were given concomitant mycophenolate mofetil to
minimize adverse effects linked to CNI treatment, while
only one patient in the everolimus group received this
drug. No differences in the proportions of patients under
concomitant steroid treatment were observed between
the two groups (Table 2).
No differences between treatment groups were detected in: HCV recurrence, previous episodes of acute,
chronic rejection and biliary complications, proportion
of patients with diabetes mellitus, arterial hypertension,

Definitions
The following definitions were made: (1) early allograft
dysfunction[45]: one or more of the following postop-
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Table 1 Demographic and clinical characteristics of patients
before liver transplantation
Everolimus
patients
(n = 30)
Male
Age (yr)
Etiology of liver disease
EtOH
HCV
HBV
Autoimmune
Hemochromatosis
Cholestatic disorders
Cryptogenic
Time from LT (mo)
Indication for LT
HCC
Decompensated cirrhosis
Decompensated cirrhosis
and HCC
Acute liver Failure
Donor age (yr)
Early allograft dysfunction

CNI patients
(n = 30)

Table 2 Clinical characteristics of patients after liver
transplantation

P value

24 (80)
46 (44-60)

24 (80)
51 (44-59)

1.000
0.760

16 (53.3)
11 (36.7)
0
1 (3.3)
1 (3.3)
1 (3.3)
0
75 (16-113)

13 (43.3)
10 (33.3)
2 (6.7)
2 (6.7)
2 (6.7)
0
1 (3.3)
72 (17-108)

0.541

2 (6.7)
16 (53.3)
12 (40)

4 (13. 3)
21 (70)
4 (13.3)

0.041

0
55 (34-72)
5 (16.7 )

1 (3.3)
49 (31-63)
2 (6.7)

Age
BMI (kg/m2)
Dyslipemia
Diabetes mellitus
HTA
Neoplasia
HCC
Solid non-hepatic
neoplasia
Skin neoplasia
Hematological
neoplasia
Recurrent HCV
AST (IU/L)
ALT (IU/L)
Bilirubin (mg/dL)
Cholesterol
(mg/dL)
Acute rejection
Chronic rejection
Biliary
complications
APRI
Liver stiffness (kPa)
Concomitant steroids
Concomitant
Mycophenolate
mofetil

0.859

0.521
0.212

Categorical variables are expressed as absolute n (%), continuous variables
are expressed as medians and interquartillic range. CNI: Calcineurin inhibitors; HCV: Hepatitis C virus; HBV: Hepatitis B virus; LT: Liver transplantation; HCC: Hepatocarcinoma.

obesity or dyslipidemia. Patients in the everolimus group
had higher serum levels of cholesterol, a well-known side
effect of the drug. As expected, given the accepted local indications for everolimus treatment, patients in this
group had a greater proportion of neoplasms and hepatocellular carcinoma outside the Milan criteria (data not
shown) at the time of the study.
Although bilirubin levels were higher in the CNI
group (P = 0.002), no differences were observed in transaminase levels (AST and ALT), GGT or in the proportion of patients with hyperbilirubinemia. Similarly, no differences in APRI or elastography were detected between
the groups.
No significant differences were observed between
the groups in serum levels of PⅢNP, TIMP-1, angiopoietin, HGF, IP-10, TNF-α, IL-10 and VCAM (Table 3).
Interestingly, patients on everolimus showed a markedly
lower expression of TGF-β1 [12.7 (3.7-133.6) ng/mL vs
152.5 (IQR 14.4-333.2) ng/mL; P = 0.009] (Figure 1A).
TGF-β1 is the most potent stimulus for hepatic fibrogenesis through activation of hepatic stellate cells[48]. Furthermore, patients on everolimus showed the lower expression of hyaluronic acid [702.89 (329.4-838.2) ng/mL
vs 1513.6 (691.9-1951.4) ng/mL; P = 0.001] (Figure 1B),
an essential component of the extracellular matrix (ECM)
mostly synthesized by hepatic stellate cells[49].
To determine whether the results could be influenced
by other factors, markers were compared in different
patient subgroups by univariate analysis (Table 4). First
of all, we examined the expression of fibrosis markers
in patients without active neoplasia given the uneven
distribution of neoplasia between groups. Other patient
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Everolimus patients
(n = 30)

CNI patients
(n = 30)

P value

60 (49-64.5)
26.2 (23.3-28.2)
10 (33.3)
9 (30)
18 (60)

54 (46.5- 60.5)
27.9 (25.2-31.3)
12 (40)
13 (43.3)
18 (60)

0.756
0.211
0.789
0.284
1.000

8 (26.7)
2 (6.7)

1 (3.3)
0

0.026

4 (13.3)
2 (6.7)

1 (3.3)
0

11 (36.7)
23 (18-53)
43 (18- 65)
0.5 (0.37-0.7)
188.5 (167-220.75)

10 (33.3)
35 (25-66)
24 (18-62)
0.85 (0.5–1.1)
158 (141.25-178.25)

1.000
0.081
0.260
0.002
0.002

7 (23.3)
2 (6.7)
10 (33.3)

9 (30)
1 (3.3)
12 (40)

0.771
1.000
0.789

0.74 (0.48-2)
7.6 (5.1-8.6)
6 (20)
1 (3.3)

0.47 (0.34-1.4)
8.4 (5.6-10.7)
6 (20)
8 (26.7)

0.135
0.134
1.000
0.026

Categorical variables are expressed as absolute n (%), continuous variables
are expressed as medians and interquartillic range. HCV: Hepatitis C
virus; HBV: Hepatitis B virus; LT: Liver transplantation; HCC: Hepatocarcinoma; HTA: Arterial hypertension; APRI: APRI score.

subsets were established according to time since LT (>
than 5 years), recipient age (> 50 years), previous history
of biliary complications and HCV recurrence. The differences observed between TGF-β1 and hyaluronic acid
expression in the main everolimus and CNI groups persisted in our analysis by subgroups. This difference was
statistically significant when classifying patients according to donor age and time since LT. However, due to the
small sample size, when examining patients with a prior
history of biliary complications or recurrent HCV, the
difference emerged as a non-significant trend towards the
lower expression of TFGβ-1 in the everolimus group.
Although there were differences in the use of mycophenolate mofetil among both groups, the results described
before remained when we compared both groups excluding patients who were receiving mycophenolate mofetil.

DISCUSSION
In this study we show that LT patients on everolimus
therapy have lower serum levels of TGF-β1 and hyaluronic acid than patients matched for disease etiology
and time since LT receiving CNI. TGF-β1 is the most
significant inducer of the synthesis of extracellular matrix proteins (collagen and glycosaminoglycans such as
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Figure 1 Box plots of serum transforming growth factor-β (A) and serum Hyaluronic acid (B) in patients under calcineurin inhibitors or everolimus regime.
TGF-β: Transforming growth factor-β; CNI: Calcineurin inhibitors.

Table 3 Serum levels of liver fibrosis mediators

VCAM
(ng/mL)
PⅢNP
(ng/mL)
IP-10
(pg/mL)
HGF
(pg/mL)
Angiopoietin
(ng/mL)
TNF-α
(ng/mL)
IL-10
(pg/mL)
TGF-β (ng/mL)
HA (ng/mL)
PDGF (ng/mL)

Table 4 Stratified analysis according to factors that could
influence liver fibrosis

Everolimus patients
(n = 30)

CNI patients
(n = 30)

P value

68.25 (25.98-135.17)

58.88 (35.30-115.52)

0.668

172.4 (119.75-1195.90)

TGF-β (ng/mL) P value
All patients
E (n = 30)
12.7 (3.7-133.6)
CNI (n = 30) 152.5 (14.4-333.2)
Free of neoplasia
E (n = 29)
11.1 (3.2-22.4)
CNI (n = 22) 137.5 (14.4-333.2)
Time from LT > 5 yr
E (n = 17)
16.5 (7.6-264.6)
CNI (n = 16) 296.8 (125.4-337.1)
Donor age > 50 yr
E (n = 12)
14.0 (6.0-67.1)
CNI (n = 15) 96.0 (14.5-297.1)
Biliary complications
E (n = 12)
20.6 (7.6-265)
CNI (n = 10) 272.3 (16.5-403.4)
Recurrent HCV

879.40 (140.10-1555.15) 0.193

86.01 (51.10-210.91)

79.61 (59.2-172.64)

0.669

225.17 (163.30-320.17)

205.53 (152.59-297.86)

0.363

26.97 (19.58-32.25)

30.108 (24.60-38.8)

0.122

41.12 (38.35-44.8)

42.70 (40.20-45.07)

0.435

8.52 (6.07-9.23)

8.66 (6.95-9.40)

0.856

12.7 (3.7-133.6)
702.89 (329.4-838.2)
1.5630 (1.4663-1.6369)

152.5 (14.4-333.2)
1513.6 (691.9-1951.4)
1.5630 (1.4616-1.6369)

0.009
0.001
0.720

E (n = 10)
CNI (n = 11)

Variables are expressed as medians and interquartillic range. VCAM: Vascular cell adhesion molecule; PⅢNP: Amino-terminal propeptide of type
Ⅲ procollagen; IP10: Interferon-inducible protein 10 calcineurin inhibitor;
TNF-α: Transforming necrosis factor alpha; TGF: Tissue growth factor;
HGF: Hepatocyte growth factor; HA: Hyaluronic acid; PDGF: Platelet derived growth factor.

P value

0.009

702.89 (329.4-838.2)
1513.6 (691.9-1951.4)

0.001

0.005

754.8 (351.3-837)
1296.7 (703.7-1936.1)

0.030

0.010

462.0 (351.3-770.3)
1084.7 (523.7-1665.8)

0.002

0.06

910.0 (589.2-1510.8)
1897.0 (1519-2136.5)

0.005

0.110

516.75 (235.6-1079.4)
1545.37 (1085.8-1888.7)

0.010

0.260

914.55 (768.8-1513.6)
1991.17 (1532.4-2168.9)

0.410

Variables are expressed as medians and interquartillic range. TGF-β:
Transforming growth factor-β; HA: Hyaluronic acid; E: Everolimus; CNI:
Calcineurin inhibitors.

the reduced accumulation of ECM-producing cells, ECM
components, reduced interstitial MMP-2 activity and a
reduced spleen weight as an indicator of portal hypertension than in vehicle-treated cirrhotic rats[54]. Higher doses
of rapamycin in the BDL rats gave rise to a reduction
in HSC activation and proliferation as well as a reduced
capacity of other cells to transition to myofibroblasts[21].
Lastly, mTOR inhibitors have been noted to reduce liver
fibrosis up to 70% and portal pressure up to 50% in
BDL rats compared to CNI-treated rats. Furthermore, in
mTOR inhibitor-treated rats, the clinical manifestation of
portal hypertension was lessened, as indicated by factors
such as the development of ascites.
In the context of LT, one of the main causes of fibrosis is recurrent hepatitis C. The activation of HSC
has been correlated not only with the fibrosis stage, but

hyaluronic acid) by hepatic stellate cells, and also regulates many proteins involved in their turnover including
matrix metalloproteinases (MMP) and their inhibitors
(TIMP)[48,50-52].
MTOR signaling includes several steps in the transformation of quiescent HSC to their active profibrotic
state[53]. Although some studies have addressed the modulation of liver fibrosis in patients on CNI, no study has
assessed the role of mTOR inhibitors in fibrogenesis in a
clinical setting.
The potential role of mTOR inhibition in attenuating
fibrogenic pathways has been examined in experimental
models of cirrhosis. After bile duct ligation- and thioacetamide induced cirrhosis, low dose rapamycin led to
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also with the rate of liver fibrosis progression[55]. In a retrospective clinical study, the use of sirolimus compared
to CNI was associated with a trend towards diminished
disease activity and fibrosis in serial biopsies, although no
differences were observed in incidence and time to recurrence of HCV[56].
No differences in the extent of fibrosis as measured
by transient elastography and APRI score were detected,
although our study was not designed to assess this factor.
Elastography has not been validated in long-term liver
grafts and its sensitivity to determine fibrosis is probably
not comparable to the use of direct molecular markers of
fibrogenesis. The limitations of our study include those
inherent to its cross-sectional design, which precludes
establishing a temporal relationship between drug initiation and serum levels of fibrosis markers. In addition, it
has been well established that different etiologies of liver
disease produce different fibrosis patterns. Unfortunately,
our sample size was insufficient to determine the effect
of everolimus according to the etiology of liver disease.
Also, serum biomarker expression could be influenced
by factors secondary to the inflammatory response or to
other forms of chronic visceral damage. To avoid this
bias, patients with acute conditions were not included and
the influence of other chronic conditions was assessed by
examining different patient subgroups.
In conclusion, patients under everolimus therapy
show reduced serum expression of fibrosis markers such
as TGF-β1 and hyaluronic acid compared to patients
matched for LT etiology and time since LT under a CNI
immunosuppressive regimen. The results of this study
provide direction for future studies designed to address
the issue of modulating post-transplant fibrosis using individualized immunosuppression strategies.

like ascites development was lessened in mTOR inhibitor-treated. Due to the
potential role mTOR in key steps of fibrogenesis, mainly reducing proliferation
and activating hepatic stellate cell and portal fibroblasts, it has been proposed
that inhibition of this molecule could alleviate liver fibrosis in the graft. In this
study we show that liver transplant patients on everolimus therapy have lower
serum levels of transforming growth factor-β (TGF-β) 1 and hyaluronic acid
than patients matched for disease etiology and time since LT receiving calcineurin inhibitors. TGF-β1 is the most significant inducer of the synthesis of extracellular matrix proteins (collagen and glycosaminoglycans such as hyaluronic
acid) by hepatic stellate cells, and also regulates many proteins involved in their
turnover including MMP and their inhibitors (TIMP).

Applications

The study results suggest that mTOR inhibitors could modulate fibrosis progression in liver grafts. Although this is not a prospective study, the results support the need to investigate the role of an immunosuppression regime in fibrosis
development after liver transplantation.

Terminology

MTOR: MTOR is a serine/threonine kinase that plays an important role in cell
proliferation, stellate cell activation, protein synthesis (synthesis of interleukins
and transforming growth factor beta), angiogenesis and cell metabolism (hypoxia
inducible factor).

Peer review

This is a good descriptive study in which the authors compare serum liver
fibrosis expression between both immunosuppression regimes (anti-calcineurin
vs everolimus). The results of this study are interesting and provide direction
for future studies designed to address the issue of modulating post-transplant
fibrosis using individualized immunosuppression strategies in clinical practice.
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RETROSPECTIVE STUDY

Impact of transplant nephrectomy on peak PRA levels and
outcome after kidney re-transplantation
Dietlind Tittelbach-Helmrich, Przemyslaw Pisarski, Gerd Offermann, Marcel Geyer, Oliver Thomusch,
Ulrich Theodor Hopt, Oliver Drognitz
RESULTS: Peak PRA levels between the first and the
second transplantation were higher in patients undergoing graft nephrectomy (P = 0.098), whereas the last
PRA levels before the second kidney transplantation did
not differ between the groups. Age adjusted survival
for the second kidney graft, censored for death with
functioning graft, were comparable in both groups.
Waiting time between first and second transplantation did not influence the graft survival significantly in
the group that underwent nephrectomy. In contrast,
patients without nephrectomy experienced better graft
survival rates when re-transplantation was performed
within one year after graft loss (P = 0.033). Age adjusted patient survival rates at 1 and 5 years were 94.1%
and 86.3% vs 83.1% and 75.4% group NE+ and NE-,
respectively (P < 0.01).
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CONCLUSION: Transplant nephrectomy leads to a
temporary increase in PRA levels that normalize before
kidney re-transplantation. In patients without nephrectomy of a non-viable kidney graft timing of re-transplantation significantly influences graft survival after a
second transplantation. Most importantly, transplant
nephrectomy is associated with a significantly longer
patient survival.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To determine the impact of transplant nephrectomy on peak panel reactive antibody (PRA) levels, patient and graft survival in kidney re-transplants.

Key words: Kidney re-transplantation; Graft nephrectomy; Panel reactive antibodies, Patient and graft survival

METHODS: From 1969 to 2006, a total of 609 kidney
re-transplantations were performed at the University
of Freiburg and the Campus Benjamin Franklin of the
University of Berlin. Patients with PRA levels above (5%)
before first kidney transplantation were excluded from
further analysis (n = 304). Patients with graft nephrectomy (n = 245, NE+) were retrospectively compared
to 60 kidney re-transplants without prior graft nephrectomy (NE-).

Core tip: In our paper, presented as “poster of distinction” at the ATC, we show that graft nephrectomy of a
first non-functioning kidney graft leads to an increase
in peak panel reactive antibody that normalizes before
re-transplantation. In 305 low-risk patients who underwent re-transplantation, graft survival did not differ between those with or without prior nephrectomy.
Interestingly, patient survival was significantly better
in patients with nephrectomy. This supports the find-
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ings of Ayus et al , who investigated patients staying on
maintenance dialysis after graft failure. Therefore graft
nephrectomy should be considered in patients returning to dialysis after failure of a kidney transplant.

Table 1 Pretransplant demographic data of all patients
Characteristics
n
Sex (M/F)
Age at 1. Tx (yr; mean)
Age at 2. Tx (yr; mean)
Date of 1. Tx
Date of 2. Tx

Tittelbach-Helmrich D, Pisarski P, Offermann G, Geyer M,
Thomusch O, Hopt UT, Drognitz O. Impact of transplant nephrectomy on peak PRA levels and outcome after kidney re-transplantation. World J Transplant 2014; 4(2): 141-147 Available
from: URL: http://www.wjgnet.com/2220-3230/full/v4/i2/141.
htm DOI: http://dx.doi.org/10.5500/wjt.v4.i2.141

NE

245
60
158/87
41/19
35.5 ± 13.9
39.2 ± 12.9
41.6 ± 13.3
47.2 ± 13.3
09/1969-03/2005 10/1979-09/2002
09/1981-12/2005 04/1991-09/2006

P
0.650
0.056
0.004

M: Male; F: Female.

of nephrectomy on PRA levels and the outcome after
secondary renal transplantations.

INTRODUCTION

MATERIALS AND METHODS

Kidney transplantation is the therapy of choice for
patients suffering from end-stage renal failure. Due to
improvements in immunosuppressive therapy and operative technique, contemporary graft survival rates in
first deceased donor transplants have reached 90% after
one year and 68% after five years, respectively[1]. Patients
returning to dialysis after failure of the primary graft
have a significantly higher mortality rate compared to
patients awaiting their first kidney graft[2]. Repeat kidney
transplantation has been shown to offer a significant survival benefit in these cases[3,4]. However, the outcome of
repeat kidney transplantation is known to be inferior to
primary transplantation[1]. In 2005 18.7% of patients on
the waiting list in the United States had been transplanted
previously (OPTN/SRTR Annual report 1995-2004) and
recent research indicates that the number of patients undergoing kidney retransplantation is growing rapidly[1].
The indication and timing of primary allograft nephrectomy in patients awaiting a secondary renal transplant are still a matter of debate[5]. Graft nephrectomy is
a safe procedure in experienced centers. It is associated
with perioperative morbidity that depends on the surgical technique used (e.g., extra- vs intracapsular) and the
indication for nephrectomy. Morbidity ranges from 4%
to 48% and encompasses bleeding, infection or, less frequently, injury of iliac vessels[6,7]. Due to perioperative
complications some authors recommend not to remove
the non-functional kidney until graft associated complications occur[8-11]. However, others advise the routine
removal of the failed graft to avoid infection, bleeding,
hypertension or erythropoietin resistance due to chronic
inflammation[10,11]. The most common practice seems to
be nephrectomy after early graft loss, while in patients
with graft failure after more than one year, nephrectomy
is often exclusively reserved for cases experiencing complications[12-15].
The impact of a non-functioning kidney graft left in
situ or graft nephrectomy on antibody production and
outcome after secondary renal transplantation remains
unclear, although PRA levels in patients undergoing nephrectomy seem to be higher than in patients in which
the graft is not removed[16,17].
The aim of this study was to determine the influence
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NE+

Patients
The records of all retransplant renal allograft recipients at
the University of Freiburg and the University of Berlin,
Campus Benjamin Franklin, between 1969 and 2006 were
reviewed.
In total 609 re-transplantations were performed, of
which 305 (50.1%) were included in our study. Inclusion criteria were as follows: second renal transplantation
(third or fourth transplantations were excluded from
analysis), PRA prior to first kidney transplantation ≤
5%, available data on nephrectomy and a minimum of
three documented PRA values (before first, between first
and second and immediately before second transplantation). Of 305 patients meeting these criteria, 245 patients
underwent nephrectomy (NE+) and 60 patients retained
their failed first graft (NE-).
The mean age at the time of the first kidney transplantation was 35.5 ± 13.9 years and 39.3 ± 12.8 years
for NE+ and NE- patients, respectively (P = 0.056). At
the time of second transplantation patients were 41.6 ±
13.3 years old in group NE+ and 47.2 ± 13.3 years in the
group NE- (P = 0.004). Demographic data of patients
are shown in Table 1.
The immunosuppressive regimen included steroids
plus cyclosporin A (CsA; n = 175), CsA plus azathioprine
or mycophenolate mofetil (n = 106) or other regimens
containing tacrolimus or an induction therapy with antibodies (n = 22). All patients in the group NE- received
CsA for maintenance therapy.
Graft failure was defined as the irreversible loss of
graft function with the need to resume dialysis. Immunosuppression (prednisone 5 mg per day) was continued as
long as diuresis exceeded 500 mL/d. If urine production
fell below 500 mL/d, immunosuppression was discontinued. In group NE-, the non-functioning kidney graft
remained in situ, unless patients developed complications
(e.g., infections, bleeding or hypertension). Patients in the
group NE+ underwent nephrectomy soon after resuming dialysis. Transplant nephrectomy was performed according to the technique described by Rosenthal et al[6].
Statistical analysis
Perioperative and follow-up data of patients were gained
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35

P = 0.098

NS

NS

Table 2 Multivariate Cox regression analysis for graft survival
after second renal transplantation

30
25
20

NE+/PRA before 1. Tx
PRA max
PRA before 2. Tx
Time from 1. Tx to graft loss
Time from graft loss to nephrectomy
Time from nephrectomy to 2. Tx
Time from graft loss to 2. Tx
Age at 1. Tx
Age at 2. Tx

15
10
5
0

PRA max

Before 1. Tx

Before 2. Tx

Figure 1 Levels of panel reactive antibodies before the first transplantation, peak panel reactive antibodies between first and second transplantation and before second transplantation in the groups NE+ (black) and NE(grey).

Survival rate

0.6
0.4
0.2
0.0
10

15

Figure 2 Kidney graft survival of a second renal allograft in patients with
(black) or without (grey) prior nephrectomy of a first non-functioning kidney graft, censored for “death with functioning graft”.

retrospectively from electronic health care records or
from Eurotransplant Network Information System. Statistical analysis was performed using SPSS. Values are
expressed as mean ± SD unless otherwise stated. Patient
and graft survival rates were calculated according to the
Kaplan-Meier method. Survival rates among both groups
were compared using the univariate log-rank analysis.
Group comparisons were calculated by independent Students t tests. P values of < 0.05 were considered significant. Non-significant differences are indicated as ns.

RESULTS
Follow-up data were available for all patients. Mean
follow-up was 7.9 years (range 0.3-22.8 years) in the
group NE+ and 6.2 years (range 0.4-19.3 years) in the
group NE-. Mean waiting time from graft loss to retransplantation was 3.44 ± 2.68 years in the group NE+
and 2.55 ± 2.55 years in the group NE- (P = 0.021). In
the group NE+, nephrectomy was performed 0.53 ± 1.47
years after graft loss and 3.05 ± 2.57 years before second
transplantation.
The last recorded PRA levels before second transplantation did not differ between groups (Figure 1). In
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P

1.06
1.59
0.99
1.02
0.96
0.89
0.89
0.98
1.01
1.01

0.71-1.56
1.11-2.30
0.98-1.00
1.00-1.04
0.88-1.05
0.76-1.07
0.79-1.02
0.91-1.06
0.99-1.03
0.99-1.03

0.79
0.01
0.18
0.01
0.37
0.22
0.09
0.65
0.45
0.13

contrast, the mean maximum PRA levels were higher
in the group NE+ than in the group NE- (29.7% vs
22.5%), although this difference did not reach statistical
significance (P = 0.09). When comparing the median, the
difference in maximum PRA levels reached statistical significance (18.5 in NE+ vs 9 in NE-; P = 0.038). The maximum PRA level was detected 1.6 ± 1.9 years (NE+) and
0.5 ± 2.9 years (NE-) after graft loss and 2.2 ± 2.3 years
(NE+) vs 2.1 ± 3.4 years (NE-) before re-transplantation.
Maximum PRA levels in the group NE+ were observed
at an average of one year after nephrectomy (1.0 ± 2.2
years).
The uni- and multivariate analysis of potential risk
factors show that PRA levels measured directly before
transplantations were the only factor being associated
with a significantly higher risk of graft loss (Table 2).
Graft survival for the entire cohort differed significantly with 1, 5 and 10-year graft survival rates of 81.4%,
62.4% and 46.3% vs 66.8%, 59.0% and 30.2% for patients
of the groups NE+ and NE- (P = 0.01), respectively.
However, this advantage disappeared when the analysis
was censored for death with a functioning graft (Figure 2).
Graft survival rates after the second kidney transplantation did not differ between patients with early failure of
the first graft (within 6 mo) and patients with graft loss
occurring later than 6 mo.
To further exclude potential confounding variables,
any failure of the second graft within one year after retransplantation, which is mainly related to technical or
early immunological complications, was censored (Figure
3). Graft survival rates at 5 and 10 years did not differ
and were 77.4% and 56.9% in the group NE+ and 88.8%
and 45.4% in group NE- (P = 0.214).
In addition, we evaluated the influence of center-specific factors on graft survival rates due to different immunosuppressive regimens. According to our data, patients
on triple immunosuppressive regimens using calcineurin
inhibitors (mainly CsA) and azathioprine or MMF and
steroids experienced significantly better graft survival rates
if compared to patients using only CsA and steroids. The
graft survival rates of patients in the groups NE+ and
NE-, respectively, receiving the same immunosuppressive
regimen did not differ between the two centers.

0.8

5

95%CI

PRA: Peak panel reactive antibody.

1.0

0

OR
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Figure 3 Patient and graft survival, censored for graft
loss within 1 year, in second kidney transplants with prior
nephrectomy of a non-functioning first kidney graft (black:
group NE+) compared to controls without nephrectomy
(grey: NE-).

P (patient) = 0.012, P (graft) = 0.214

1.0

Survival rate

0.8
0.6
With nephrectomy

0.4

1 yr survival (%)
0.2
0.0

5 yr survival (%)
10 yr survival (%)
15 yr survival (%)

Without nephrectomy

Patient 0 Graft + Patient 0 Graft +
100.0
100.0
100.0
100.0
94.1
92.1
88.8
77.4
66.6
77.2
45.4
56.9
35.3
61.2
18.9
43.6
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37
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37

2

15

Patients at risk (n ) NE + 245 185 170 157 145 134 110 98 91
60

1

10

t /yr

33

30

9

4

Interestingly, in patients undergoing nephrectomy
prior to re-transplantation (NE+) the timing of second
kidney transplantation (within one year after graft loss
vs later than one year) did not significantly influence the
outcome. In contrast, patients without nephrectomy experienced better graft survival rates when re-transplantation was performed within one year after graft loss (P =
0.033) (Figure 4).
Patient survival rates according to the Kaplan-Meier
method at 1, 5 and 10 years were 94.1%, 86.3%, 72.2%
and 79.2%, 73.1%, 44.1% in the group NE+ and in the
group NE-, respectively (P < 0.01). Since patients of the
group NE- were significantly older than patients in the
group NE+, patient survival may have been influenced
by differences in age at the time of second transplantation. However, Log-rank analysis of age-adjusted patient
survival rates after the exclusion of all patients older than
65 years at time of second transplantation, still revealed
a significant survival benefit for patients in the nephrectomy group, compared to patients without nephrectomy
(94.1% and 86.3% vs 83.1% and 75.4% at 1 and 5 years; P
= 0, < 0.01)

4

25 21
1

1

creased patient survival in those second graft recipients
who had undergone nephrectomy of their first nonviable
graft before receiving a repeat transplantation. This striking effect was observed despite a lack of difference in
second kidney graft survival rates between patients who
had their first transplant removed before re-transplantation and those who retained their failed graft.
The reasons for the improved survival of repeat
transplant candidates who had undergone prior nephrectomy are unclear. However, patients staying on maintenance dialysis after failure of a first kidney graft also
show improved survival after graft nephrectomy[23]. The
residual non-functioning graft in patients not undergoing
nephrectomy may thus be a source of complications in
itself or through the need for continued immunosuppressive therapy (e.g., infections or a chronic inflammatory
condition).
By analyzing graft survival rates censored for death
with functioning graft or graft loss within one year, our
results revealed no differences for patients with or without nephrectomy, which is in accordance with recent
literature[24]. Therefore, nephrectomy of the failed first
kidney graft does not influence survival of the second
graft.
Patients considered for re-transplantation are often
immunized or even highly immunized due to the development of HLA-specific antibodies to previous transplant antigens. Yong Won Cho showed that panel reactive
antibodies are observed more often after graft loss than
after blood transfusions or prior pregnancies[25]. Therefore, even with negative complement dependent cytotoxicity crossmatch, these patients are more likely to develop
acute humoral rejection episodes[25-27]. This correlates
with our findings that higher PRA values before first and
second transplantation are associated with an increased
risk of graft loss. The impact of the elevated PRA levels
in the group NE+ remains unclear but was also observed
in other studies[5,28,29]. Our study design precluded information on presensitized patients. Schleicher et al[29] could
show that in their collective patients undergoing nephrectomy had significantly higher PRA levels at the time of

DISCUSSION
Therapeutic strategies for patients having lost a primary
kidney graft and awaiting re-transplantation differ from
center to center. Until now, there is no consensus regarding the indication and timing of the removal of a nonviable graft.
It is known that graft and patient survival is worse
after second kidney transplantation compared to the first
transplantation[1]. Several factors may contribute to this
finding: Kidney re-transplants acquire additional waiting
time on dialysis after failure of the first transplant which
in itself is well known to increase morbidity and mortality after re-transplantation[2,18]. Moreover, patients who
undergo repeat renal transplantation are older than at the
time of first transplantation and often receive grafts from
extended-criteria donors[19-22].
The main finding of our study was a significantly in-
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Figure 4 Graft survival of a second renal allograft in patients without (A) or with (B) prior nephrectomy of a first non-functioning kidney graft and retransplantation within (black curve) or later than one year after nephrectomy (grey curve).

retransplantation, which led to a worse graft survival in that
group. Especially a PRA level > 70% was an independent
risk factor for graft loss. In our study, graft survival did not
differ between the groups. This may be due to similar PRA
levels before retransplantation. Lucarelli et al[30] also did not
find a difference in second graft survival in patients with
or without prior nephrectomy. They also observed comparable PRA levels in both groups at the time of retransplantation[30].
Intensified immunosuppression may therefore improve graft and patient survival in patients with elevated
PRA after a first graft nephrectomy and can also be
found in our data considering the different immunosuppressive regimens.
Other authors state that the rise in HLA antibodies after nephrectomy is an expression of the capacity
of even a nonfunctional graft to absorb donor specific
antibodies or mount an immune response to the donor’s
MHC antigens. This may protect a second renal graft[31,32].
The graft intolerance syndrome, which leads to chronic
inflammatory disease that can be treated by embolization
of nonfunctioning renal allografts[33-35], favors the aforementioned hypothesis. However,, neither murine and nor
human studies could proof these findings[36].
By analyzing graft survival rates censored for death
with functioning graft or graft loss within one year, we
observed no difference for patients with or without nephrectomy. Therefore, nephrectomy of the failed first kidney graft does not influence survival of the second graft.
Although we observed no influence of prior graft
survival, we could confirm the importance of waiting
time to retransplantation. In patients undergoing nephrectomy prior to re-transplantation, no difference was
evident. In contrast, in patients without nephrectomy, a
survival benefit was evident when re-transplantation was
performed within one year after graft loss. In our patient
group waiting time to retransplantation was about two to
three years; in the United States waiting times of more
than five years are common[35]. This also needs to be
taken into account when considering a graft nephrectomy
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with its associated perioperative risk.
This study is limited by its retrospective design and
the long timeframe in which patients have undergone
transplantation. It still offers novel insights into the advantages of graft nephrectomy on the outcome of secondary kidney transplantation.
In a conclusion, Nephrectomy of a nonfunctioning
kidney graft prior to re-transplantation is a save procedure
in experienced centers that, despite a temporary increase
in PRA levels, results in significantly better patient survival. Therefore transplant nephrectomy should be considered in all patients awaiting a kidney re-transplantation.

COMMENTS
COMMENTS
Background

Kidney transplantation is the treatment of choice for patients with end-stage
renal disease. Despite excellent results, the half-live after deceased or living
donor transplantation was 8.8 and 11.9 years after transplantation in 2005 in
the United States, the management of patients with graft failure is still under
debate. Some authors favor removal of the non viable kidney to prevent complications such as infection or chronic inflammatory response, others recommend
to leave the nonfunctioning kidney in order to prevent surgery associated complications and a rise in panel reactive antibodies.

Research frontiers

There are many studies showing that panel reactive antibodies rise after the
removal of a non viable kidney transplant. The long-term outcome concerning
morbidity and mortality of patients as well as the outcome of a second kidney
transplant after graft nephrectomy remains unclear. Prior studies demonstrated
controversial results regarding complication rates and mortality with or without
nephrectomy in patients staying on dialysis after graft failure or undergoing secondary renal transplantation.

Innovations and breakthroughs

Nephrectomy of a non-viable kidney graft leads to a temporary increase in
panel reactive antibodies (PRA) level which equalizes before the time of
retransplantation. Graft survival after a second kidney transplantation is not
influenced by nephrectomy of the first graft. If nephrectomy is not performed,
re-transplantation should be undertaken within one year after graft loss due to
significantly better graft survival rates. Most importantly, patient survival one or
five years after a second kidney transplantation is significantly better in patients
undergoing nephrectomy of the first failed graft.

Applications

The study results suggest that in patients with graft failure nephrectomy should be
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considered due to a better patient survival after a second renal transplantation.

Terminology

Kidney or renal transplantation is the process of transferring a kidney of a
deceased or living donor to a patient with end-stage renal disease, including
not only the surgical procedure but also the immunological management. Graft
survival is the rate of kidney transplants that remains with good function after a
certain time period. PRA are pre-existing antibodies against cell proteins, which
present, if elevated, a risk factor for rejection after organ transplantation.

12

Peer review

13

The article aims to determine the impact of transplant nephrectomy on peak
panel reactive antibody levels and patient and graft survival in kidney re-transplants. It is conducted as a retrospective study in a large patient cohort and
with a long follow-up. The article is very interesting for anybody involved in the
care of renal transplant patients since it offers new insights into in the dilemma
of management of patients with graft loss and the usefulness of transplant nephrectomy prior to re-transplantation.
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Intra-abdominal desmoid tumor after liver transplantation:
A case report
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short gut post radical resection of aggressive fibromatosis, only rare recurrences were seen. No connection
of tumor development with immunosuppression or
need to decrease immunosuppressant treatment has
been demonstrated in these patients. Our case and the
literature show the risk of this tumor presenting in the
post-transplantation patient and the need for a high
index of suspicion in patients who present with a complex mass after transplantation to prevent progression
of the disease beyond a resectable lesion. Results of a
thorough search of the literature are detailed and the
medical and surgical management of both resectable
and unresectable lesions is reviewed.
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Core tip: Desmoid tumor is a soft tissue tumor seen primarily after surgical resection. A high index of suspicion
is necessary as delayed diagnosis can cause significant
morbidity with resection. This case presents the first
observed desmoid after liver transplantation as well as
a literature search detailing the observed desmoid presentations in the context of immunosuppression.

Abstract
We are reporting the first documented case of an
abdominal desmoid tumor presenting primarily after
liver transplantation. This tumor, well described in the
literature as occurring both in conjunction with familial adenomatous polyposis as well as in the postsurgical patient, has never been noted after solid organ
transplantation and was therefore not included in our
differential upon presentation. Definitive diagnosis
required the patient to undergo surgical excision and
immunochemical staining of the mass for confirmation.
A review of the literature showed no primary tumors
after transplantation. In a population of patients who
received a small bowel transplant after they developed
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INTRODUCTION
We present the first documented case of desmoid tumor
appearing after solid organ transplantation. Desmoid
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Figure 1 Desmoid tumor at initial presentation.

Figure 2 Immunostained slide of tumor histology, demonstrating low cellularity tumor in a myxoid matrix with positive beta-catenin staining.

tumors are a rare malignancy characterized by benign
histology and aggressive local recurrence. Incidence and
recurrence of desmoids in patients who have undergone
transplantation and effects of immunosuppression on
desmoid development have not yet been studied.

adjacent loculated hemoperitoneum. The adjacent mesentery now demonstrates amorphous enhancement and
therefore superimposed infection/phlegmon cannot be
excluded. These collection(s) are essentially new since the
prior study (previously mild hemoperitoneum was present in the subhepatic region and both paracolic gutters).
Based on the concern for infected hematoma, the patient was sent for placement of an interventional radiology drain into loculated fluid collection. Fluid pathology
and cultures were nondiagnostic. The drain was placed
under imaging guidance but was clearly unable to access
loculated areas due to solid components interfering with
catheter passage. As his symptoms were persistent and
mass was well visualized with computed tomography,
no further imaging appeared warranted; he was taken to
the operating room, where exploratory laparotomy was
performed. Intra-operatively the infrahepatic mass was
noted to be white, inflamed, and fibrotic. Ten centimeters of small bowel and the mesentery were noted to be
inseparably adhered to mass and inflamed, and they were
resected en bloc with the mass. Grossly negative margins
at abdominal wall and the involved small bowel were
achieved but microscopic positivity was confirmed by
frozen section in the posterior portion of the mass adjacent to the retroperitoneum. Final pathology returned
with a low cellularity tumor with myofibroblasts in disarray in a myxoid matrix, beta-catenin stain positive (Figure
2), consistent with desmoid fibromatosis.
Our patient tolerated the procedure well and was discharged home at prior functional status within ten days.
Repeat imaging has been negative for signs of recurrence
(Figure 3) in the 23 mo in which he has followed up since
resection. He has been started on treatment for chronic
hepatitis C with sobosfuvir and simeprevir therapy.

CASE REPORT
A 60-year-old male presented to our clinic with a three
day history of right upper quadrant pain. He noted two
months of fatigue and a recent history of diarrhea, resolved at admission. He denied nausea, vomiting, fevers,
chills, or weight loss. Medical history was notable Hepatitis C cirrhosis status post orthotopic liver transplant approximately six months prior, as well as type Ⅱ diabetes
mellitus. Postoperatively, he received basiliximab on the
day of transplant and on postoperative day 4 for induction along with a methylprednisolone taper in the days
immediately post transplantation. He was maintained on
cyclosporine and had previously shown no signs of graft
rejection with historically appropriate levels of immunosuppressive therapy. He denied alcohol or drug abuse.
Physical exam was remarkable for tenderness to palpation over the right upper quadrant with a new marked
right upper quadrant mass. Laboratory measurements
revealed a white blood cell count of 4.32 × 109/L (reference range 1.5-10.5 × 109/L) with a normal differential,
hemoglobin of 11.1 g/dL (reference range 13.5-17.5
g/dL), and creatinine of 1.29 mg/dL (reference range
0.75-1.2 mg/dL). Alkaline phosphatase was elevated at
281 mmol/L (reference range 30-125 mmol/L) and the
transaminases and total bilirubin were within normal
limits. Cyclosporine levels were within therapeutic ranges
(100-150 ng/mL). He had received a colonoscopy at an
outside institution two years prior significant only for
benign polyps. Alfa-fetoprotein measurement was within
normal limits (< 10 ng/mL). Computed tomography
imaging showed a 13 cm multi-loculated heterogeneous
fluid collection with hyperdense and hypodense components inferior to right hepatic tip with multiple cystic
locules (Figure 1). The final radiologic report was read
as “large complex multiloculated subhepatic peritoneal
collection(s), likely multiloculated hematoma(s) as well as
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DISCUSSION
Desmoid tumors are rare tumors which fall into two
types: sporadic and those associated with familial adenomatous polyposis. The incidence of desmoid is less than
three percent of soft tissue sarcomas and about 0.03% of
all malignancies[1]. They appear between 15 and 60 years
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margins should be strove for if they did not compromise
functional status[8].
Adjunctive radiotherapy in patients with positive
margins has been explored in depth and shown to result
in decreased relapse rates but significant complications,
including tissue fibrosis[9]. Radiotherapy has not been
strongly evaluated in patients with negative surgical margins, as many patients with negative margins elect not to
undergo radiation therapy. In a comparative review of 22
cases, radiation therapy alone demonstrated a local control rate of 78% as opposed to 61% with surgery alone[10].
However, multiple complications were noted and, given
the accompanying tissue damage and peak occurrence of
desmoids in young patients, it is generally recommended
to use radiation therapy only as an adjunct to surgery or
for unresectable disease[11].
For unresectable disease, a wide variety of medical treatments have been used, although few have been
systematically evaluated. A systematic review of the literature addressed the different strategies noted below[12].
As most desmoid tumors express nuclear estrogen receptor-B, tamoxifen and other anti-estrogens have been used
with some anecdotal reports of response; however, this
has not been evaluated in a larger series. Non-steroidal
anti-inflammatory drugs have also been tested and have
demonstrated activity against tumors with partial or
complete response. In cases of rapidly growing or symptomatic tumor, cytotoxic agents such as methotrexate and
vinblastine have been studied; however, these were evaluated largely in the pediatric population and are associated
with high, although tolerable, levels of toxicity[6]. Imatinib
is another agent which is currently under study and has
shown promise in multiple low-powered studies[13,14] but
has not yet been licensed for this indication[6].
No incidences of primary desmoid tumor development have yet been documented in patients who have
undergone transplantation of liver or other solid organs. Recurrence of pre-transplant desmoids in patients
known to be on immunosuppression, in this case for
intestinal transplant, is only addressed in one series. Fourteen patients with desmoid tumors underwent intestinal
transplantation, of which three recurred; time interval
to recurrence was 15, 17 and 69 mo. Of these patients,
eleven were maintained on immunosuppression[15]. In
a European study of both intra- and extra-abdominal
fibromatosis, recurrence was seen at between 0 and 204
mo in 37 patients with a mean time of 14 to 17 mo[7]. Although these studies show similar time to recurrence, the
power of the study addressing the immunosuppressed
patient is so low that it is difficult to draw conclusions on
the impact of immunosuppressive therapy on recurrence.
Our patient presented with a sporadic primary tumor.
We were able to achieve a grossly negative resection but
pathology revealed microscopic disease at the margins;
he received no adjunctive therapy but has not recurred at
23 mo, suggesting that his immunosuppression has not
caused rapid growth or recurrence.

Figure 3 Imaging 18 mo after excision.

with a peak age of appearance at 30 years[2]. Both types
are characterized by monoclonal, fibroblastic proliferation with 80% rate of positive nuclear and cytoplasmic
staining for beta-catenin[3]. They are histologically benign
and do not metastasize but are frequently locally invasive
and highly recurrent. Only 5% of sporadic desmoid tumors, in contrast with 80% of FAP-associated desmoids,
occur intra-abdominally; other locations include extremities and trunk[1]. Both sporadic and FAP-associated desmoids have been well described in the surgical literature
as recurring both within the surgical field and intracompartmentally outside the surgical field. Differential
diagnosis encompasses both fibroblastic sarcomas and
other reactive fibroblastic process, but these can be distinguished from desmoids as the latter tend to occur
with a diagnosis of FAP, nuclear staining for beta-catenin
- present in roughly 80% of cases - and screening for
mutations of beta-catenin gene, found in approximately
85% of sporadic cases[3]. Factors which prognosticate recurrence have been suggested to be sex[2] and mutations
of the beta-catenin gene, the latter of which were found
to be associated with significantly higher rates of local
recurrence[4].
Treatment for these tumors includes a wide variety
of approaches. As these tumors have no metastatic potential, treatment is usually dictated by rapidity of growth
and functional considerations such as pain or local obstruction. Surgical management has historically been the
first-line treatment of desmoids[5]. Negative margins are
generally the goal of surgical intervention; however, for
intra-abdominal type especially, morbidity associated with
surgery may prevent definitive excision with negative
margins. Results have been mixed on whether negative
margins were predictive of lower recurrence rate[6]. In
a case series including 56 patients with either intra- or
extra-abdominal primary disease, microscopically positive
margins were associated with an almost fourfold increase
in local recurrence compared to microscopically negative
margins, but no difference in overall survival was observed[7]. A review of multiple studies addressing margin
status concluded that no definitive conclusion could be
reached based on available evidence and that negative
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In conclusion, desmoid tumors are a rare disease for
which the primary standard of care differs between surgical excision or watchful waiting, depending on extent of
involvement of surrounding structures and postoperative
morbidity. We presented a hitherto undocumented case
of sporadic desmoid tumor after liver transplantation.
The patient has no personal or family history of familial
adenomatous polyposis. The primary manifestation was
treated with surgical excision. No incidences of primary
desmoid tumor development have yet been documented
in patients who have undergone transplantation of liver
or other solid organs. Influence of immunosuppression
on the development of desmoids is unknown; on recurrence, poorly studied. Further study would be helpful to
elaborate the effect of immunosuppression on development of desmoids and the rates of recurrence after solid
organ transplant.
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Core tip: In solid organ transplantations the graft
outcomes critically depend on the degree of human
leukocyte antigen (HLA) matching between the donor
and recipient. Although the cellular component of the
allogeneic immune response to the transplanted tissue
plays a key role, the contribution of antibodies should
not be underestimated. The detection of anti-HLA
class Ⅰ and class Ⅱ antibodies is an important component of the initial work-up of a potential transplant
candidate. The introduction of new highly sensitive
technologies such as solid-phase based technologies
has had a tremendous effect on organ allocation and
immunomodulation strategies.
Lobashevsky AL. Methodological aspects of anti-human leukocyte antigen antibody analysis in solid organ transplantation.
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http://www.wjgnet.com/2220-3230/full/v4/i3/153.htm DOI:
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Abstract
Donor human leukocyte antigen (HLA)-specific antibodies (DSA) play an important role in solid organ transplantation. Preexisting IgG isotype DSA are considered
a risk factor for antibody mediated rejection, graft
failure or graft loss. The post-transplant development
of DSA depends on multiple factors including immunogenicity of mismatched antigens, HLA class Ⅱ typing of
the recipient, cytokine gene polymorphisms, and cellular immunoregulatory mechanisms. De novo developed
antibodies require special attention because not all DSA
have equal clinical significance. Therefore, it is important for transplant clinicians and transplant immunologists to accurately characterize DSA. In this review, the
contemporary immunological techniques for detection
and characterization of anti-HLA antibodies and their
pitfalls are described.

INTRODUCTION
In most cases the development of alloantibodies against
human leukocyte antigens (HLAs) is related to immunization via blood and/or blood product transfusions,
pregnancy, and transplants. There are scattered reports
in the literature indicating the production of HLA antibodies may be elicited by vaccinations and infections due
to cross reactivity between viral/bacterial antigens and
HLAs[1-4] or through the bystander effect[5-8]. Humoral
or antibody-mediated immunity requires noncovalent
contact between antigens and antibodies. The hyper
variable regions of the light and heavy immunoglobulin
chains are termed complementarity-determining regions
and they are primarily involved in the interaction with
antigens. Antibody effector functions are specified by
the constant domains of the heavy chains. The most

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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important function of these domains is the activation of
the complement cascade, which is triggered by conformational changes in the hinge area after antigen binding.
Complement activation results in the destruction of the
cell membrane.
In solid organ transplantations of the kidney, heart,
lung, and pancreas graft outcomes critically depend on
the degree of HLA matching between the donor and
recipient[9-17]. The cellular components of the allogeneic
immune response to the transplanted tissue play a key
role in this matching and the contribution of antibodies
should not be underestimated[18-22]. The detection of antiHLA class Ⅰ and class Ⅱ antibodies is an important component of the initial work-up of a potential transplant
candidate (TC). The rationale for obtaining this information is related to clinical studies, which have universally
demonstrated that pre-existing donor specific antibodies
(DSAs) represent a significant risk factor for graft outcome[23-34]. The importance of the post-transplant monitoring of DSAs in kidney and cardiac transplants has
been widely described[35-45]. The de novo development of
DSAs strictly depends on the antigenicity and immunogenicity of mismatched HLAs. The substantial influence
on antibody production involves other factors such as
the HLA class Ⅱ type of the responder, immunosuppressive medications, cytokine and chemokine genomic
polymorphisms, and the hormonal background of the
recipient[11,45-50].
It is generally accepted that de novo developed DSAs
represent a risk factor for graft failure even at low concentrations. The early detection of DSAs considerably
reduces the incidence of antibody-mediated rejection
(AMR) and transplant glomerulopathy[23,51-58]. A posttransplant antibody analysis is a part of the routine monitoring of recipients. The introduction of new highly sensitive technologies such as solid-phase based technologies
has had a tremendous effect on the clinical approach to
anti-HLA antibody analysis[56-58]. The purpose of this
review is to familiarize the reader with the methodological aspects and pitfalls of anti-HLA antibody analysis in
solid-organ TC. Solid phase (SP) techniques will be specifically addressed.

visualized by staining and microscopic examination. This
test is also used for the cross-matching (CM) or detection of complement binding antibodies against the HLAs
of a particular donor. Various modifications of the NIH
CDC method including extended incubation, additional
washings, and the addition of secondary antihuman light
kappa chain specific antibodies have been used to increase
the sensitivity of the assay. Notably, the NIH CDC assay
detects anti-HLA antibodies of the IgG and IgM isotypes.
However, the IgM isotype has considerably less clinical
significance[20,64-68]. Donors with HLA recipient antibodies
detected by CDC should be avoided due to the high risk
of hyperacute or delayed hyperacute rejection. Currently,
this assay is primarily used to determine the efficacies of
the desensitization or immunomodulation of recipients
with high concentrations of anti-HLAs and identify recipients that are CDC-CM positive for their donors. Numerous reports have demonstrated that changing CDCCM from positive to negative via durable DSA removal
significantly reduces the risk of graft loss. The short-term
graft survival in such recipients is not significantly different from recipients without CDC-positive DSA[69-75].
In the early 1970s, Patel et al[76] reported a considerable rate of graft failure in recipients who were CDC-CM
negative with their donors. These observations indicated
that the sensitivities of the CDC assay and its modifications were insufficient to detect low concentrations of
DSA and was deleterious for the transplanted organ.
Methods for increasing the sensitivity of antibody detection by flow cytometry (FC) based techniques were introduced more than 30 years ago[77].
Flow cytometry methods
Although FC methods of analysis are more sensitive
than the CDC method they are subject to the effects of
non-HLA and autologous antibodies that complicate the
interpretation of the results. This complication is particularly important in the case of B-lymphocytes because
they express Fc receptors and various adhesion molecules
on their surfaces that facilitate non-specific binding[67,78].
B-cell false positive FC CM results may erroneously preclude transplants that should have favorable outcomes.
The non-specific antibody binding may be reduced by
the incubation of the lymphocytes with pronase, enzyme
destroying Fc receptors, and other members of the Ig
superfamily[79-82]. FC cell-based assays can also be used
for PRA analysis. In this case, pooled HLA-typed lymphocytes are incubated with the recipient serum, and the
percentage of positively reactive cells is determined based
on the median channel shift[83]. This method has limited
applicability because further testing is required to determine the antibody specificity. Additionally, the absorption
of anti-HLA class Ⅰ is required when class Ⅱ PRA is
analyzed.

METHODS OF ANTIBODY
IDENTIFICATION
Cell based assays
Complement-dependent cytotoxicity: The longestablished NIH complement-dependent cytotoxicity
(CDC) method and its modifications are still widely
used[59-64]. This assay allows the identification of high concentrations of antibodies to HLAs. There are two main
purposes for applying the CDC method. This method
can be used to estimate the percent of reactive antibodies (PRA) when the recipient serum is incubated with a
panel of HLA typed T- or B-lymphocytes. If the serum
contains antibodies against a particular HLA then the
addition of rabbit complement causes cell death that is
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Ⅱ proteins that are attached to an artificial substrate or

ogy extremely specific and highly sensitive. As a result,
investigators can detect very low concentrations of HLAdirected antibodies. In the last decade, numerous reports
have addressed the methodological aspects, clinical relevance, and standardization of the Luminex SP SA assay
for the detection of antibodies[53,54,95-100]. The results of
these studies have significantly expanded our understanding of anti-HLA antibody biology and the mechanism of
the interaction between antibodies with antigens. This increased understanding includes improved information on
isotypes and subtypes of antibodies, their abilities to bind
complement, and fine epitope specificity. Fine epitope
specificity is particularly important for the prediction of
graft rejection[93,101-103]. There are also many new questions
such as how does the signal produced by the DSAs detected in the SA Luminex assay correlate with positive FC
CM, what is the clinical relevance of minimally reactive
DSA, and how can the bead saturation effect be identified and overcome. Additionally, there are many other
questions to address.
In this review, I describe the pitfalls, caveats, and limitations of the Luminex SP SA assay based on seven years
of experience and clinical outcomes/observations at our
transplant center.

matrix. These assays offer significantly higher sensitivities
and specificities than cellular methods[84-86].

Enzyme-linked immunosorbent assay
Enzyme-linked immunosorbent assay (ELISA) was the
first solid-phase analysis developed for antibody screening and specificity determination[87]. In this assay, HLA
molecules are bound to the wells of plastic plates and
positive reactions are measured by the color signal intensity produced by enzymes conjugated to anti-human antibodies following the addition of substrate to the wells.
Purified pooled HLA-Ⅰ and -Ⅱ molecules bound to the
wells are used for antibody screening/detection and PRA
analysis. To define the antibody specificity, HLA proteins
isolated from one individual are used to coat each well of
the plate.
FC
FC SP assays use microspheres that have been coated
with soluble HLA proteins that are extracted from a
single cell line for specificity analysis or mixed for PRA
analysis (FlowPRA Specific, FlowPRA, One Lambda)[88].
After the addition of the fluorescence-conjugated antihuman secondary antibodies a light signal is generated
that indicates a positive binding of the antibody to HLA
molecule(s). As with ELISA, this method can be designed
to detect antibodies of IgG and IgM isotypes depending
on the specificity of the secondary antibodies[84,89,90].

Luminex SA SP assay: Technical challenges
Correlation of DSA MFI values with the results of FC
CM tests: It is generally accepted that preexisting DSA
directed against HLA can cause allograft injury or loss.
FC CM is the most sensitive immunological method and
it allows for the detection of DSA in TC serum. Positive
FC CM is associated with an elevated risk of AMR[12,16,
17,21,32,104-107]
. The accurate detection of the spectrum of
anti-HLA antibodies is critical for organ allocation and
the prediction of FC CM results. Comparisons of the
antibody profiles in the sera of TCs with the HLA typing
of the potential donors are called virtual cross matches
(VCMs). VCMs are particularly important in cases of
heart and lung allocation in which the cold ischemia time
is limited. VCM has been widely used at our transplant
center for several years. Although SP Luminex technology allows for the very specific detection of DSAs at
relatively low concentrations, issues regarding how strong
the DSAs must be to cause positive FC CM results have
to be addressed. The results of a multicenter study performed by Reed et al[89] suggested optimal cutoffs from
1000 to 1500 MFIs for antibodies to the HLA-A, -B,
-DRB1, and -DQB1 loci. DSAs with MFIs within the indicated range are considered weak, and those below this
range are considered negative. The correlation analyses
between MFI values of DSAs and the results of FC CM
assays performed in our laboratory have demonstrated
that MFIs ≥ 2600 produced by anti-HLA Ⅰ antibodies
(HLA-A and -B loci) most likely result in T cell-positive
FC CM results (positive predictive value 97%). Furthermore, MFIs ≥ 3100 produced by anti-HLA Ⅱ antibodies (HLA-DRB1 and -DQB1 loci) most likely generate
B cell-positive FC CM results (positive predictive value

Luminex
Luminex-based technology has revolutionized the approach to anti-HLA antibody analysis and resolved
ambiguities associated with the interpretation of CDC
and FC results. This highly sensitive methodology has become an integral component of clinical decision-making
and pathological diagnosis of transplanted organ injury.
Luminex technology also incorporates microparticles
(beads) that have been conjugated to varying amounts
of two dyes, which enable the identification of 100 sets
of beads. HLA-specific alloantibodies are detected via
the addition to a reaction mixture of secondary phycoerythrin (PE)-conjugated anti-human antibodies. Each
group of beads can be identified by the amount of conjugated fluorochromes and it is possible to identify which
HLAs have bound antibodies. The light signal produced
by bound antibody is proportional to its concentration
and is expressed as the mean fluorescence intensity (MFI).
The original assay was introduced as a combination of
beads that were coated with HLA proteins extracted
from individual cells. More recently, Luminex technology introduced a modification of the assay that included
beads coated with a single class Ⅰ or class Ⅱ HLA. This
methodological approach significantly improved antibody
specificity analyses, particularly in highly sensitized patients[88,91-95]. The considerably higher surface density of
HLAs on the microbeads compared to that on lymphocytes makes the Luminex single-antigen (SA) methodol-
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Table 1 Donor specific antibodies solid phase single-antigen
Luminex analysis in unmodified and Dithiothreitol treated
serum

MCS (× 100)

5
4

Serum treatment

HLA specificities
B8

3

DDT treated
Untreated

2

247771
550

B18

DR53

23500
1764

23100
4852

1

The numbers in the table indicate MFI values. HLA: Human leukocyte
antigen; MFI: Mean fluorescence intensity; DDT: Dithiothreitol.

1
0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

95%, R = 0.78)[93] (Figures 1 and 2). The positive cutoffs
determined in this assay also predict positive FC CM results when the recipient has multi-specific DSAs.

molecules per cell) or endothelial cells. Therefore, even a
minor admixture of anti-HLA antibodies or anti-idiotypic
antibodies of the IgM isotype may cause false negative
results. To overcome this obstacle, serum Dithiothreitol
(DTT)-treatment is recommended[108-110].
We have observed strong positive T cell FC CM
results and weakly reactive DSAs to HLA-B8 by SA Luminex. Subsequent DTT treatment of the serum resolved
this discrepancy and revealed DSAs to the antigen with
MFI values of 24000 (Table 1).

Quantities of HLA proteins on the beads
The density of the HLA molecules on the beads is significantly higher than that on lymphocytes (5 × 104-105

Denatured HLA and cryptic epitopes
Discrepancies between negative FC CM results and
strongly reactive DSAs are observed when biochemical

MFI (× 1000)

Figure 2 Correlation analysis between mean fluorescence intensity of
anti-human leukocyte antigen class Ⅰ antibodies and T cell flow cytometry
cross match median channel shift. Each blue diamond represents a single
test. MCS: Median channel shift; MFI: Mean fluorescence intensity.
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or increased MFI values are observed between treated
and untreated beads[110-113] (Figure 3). The acid treatment
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histograms
Strong DSAs to HLA-C2 in the recipient serum have
been shown to yield negative FC CM results[114] (Figure
4). To investigate this discrepancy, we analyzed the bead
counts and bead distributions on the SA dot blot histograms of the aforementioned bead sets. Figure 4A shows
the MFI values of 13100 for the anti-HLA-C2 antibodies
and an uneven bead distribution. As shown in the figure,
a majority of the beads are located within the negative
MFI range and only a few have MFI values of approximately 30000. These findings indicate that the MFIs
observed on SA antibody panels represent an average
number between the lowest and highest values. A repeat
of the assay confirmed the absence of DSAs, and the SA
dot blot C2 histogram formed single clusters of beads
located in the negative area (Figure 4B).
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represent MFI values of different intensity: Blue 500-2000, yellow 2001-3000,
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Non-specific antibody reactivity
One of the limitations of SA SP Luminex technology detailed in the literature is non-specific reactivity[90,106]. The
main reasons for high background levels may be related
to antibodies reacting to latex, autoimmune disease(s),
and some medications (IVIG)[75,115-117]. Non-specific antibody binding complicates antibody analysis due to the
appearance of multiple false positive antibodies and may
affect organ allocation and the interpretation of VCM

modification (denaturing) of HLA proteins during the
bead conjugation process occurs. Denatured HLAs have
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negative control (MFI > 100) usually indicate high background and require the test to be repeated. However, if
serum samples taken at different time points consistently
exhibit elevated non-specific reactivity after adsorption
then antibody analysis can be performed appropriately[118].
An unusual anti-class Ⅱ antibody profile was observed in
one kidney TC. The serum of this patient contained panreactive anti-DRB1 antibodies including self-specificities
(Figure 7; the self-antigens are circled in red). A subsequent autologous FC CM assay was B cell positive and
Luminex SP screening PRA analysis did not detect any
antibodies. The results of these tests led to the conclusion that the anti-DRB1 antibodies in the serum of this
TC serum were clinically irrelevant.

Numerous studies have demonstrated that inferior graft
outcomes, graft loss, and C4d deposition are observed
more frequently among recipients with DSAs that bind
complement component 1 (C1q) [129-135]. The recently
developed C1q SA SP assay (C1qScreen™) represents a
reliable tool for distinguishing the binding IgG antibody
from the complement-fixing antibodies of the IgG and
IgM isotypes. The complement-fixing antibodies (C1q+)
are detected using external C1q and anti-C1q antibodies conjugated to PE. The fluorescence intensity of the
signal is proportional to the amount of bound C1q and is
measured by MFI. The presence of C1q+ DSA is more
strongly correlated with graft failure than the presence
of antibodies that do not bind complement [126,136-139].
However, the absence of complement fixing antibodies
has recently been reported in recipients with documented
AMR. This result may indicate a low sensitivity of the
C1q assay. The elegant studies of R. Liwski have demonstrated a good relationship between the anti-human
globulin (AHG)-C1qScreen™ assay and CDC-AHG
reactivity[128,129]. This highly sensitive modification of the
original C1qScreen™ protocol would certainly be useful
for risk assessment.

Bead oversaturation
The sera from patients may contain strong high-titer antibodies that can cause a prozoning or oversaturation effect. Figure 8 shows the oversaturation of SA beads with
antibodies to HLA-I. In our experience this phenomenon
is suspected when the MFI values exceed 20000. As
shown in Figure 8, the antibodies against A2, A69, B51,
and B52 exhibited oversaturation that disappeared upon
the dilution of the serum. This prozoning effect has been
reported by others with the SA Luminex bead assay[119-123].
Dilution of the serum to exclude the oversaturation of
antibodies is critical when the antibody analysis is performed on the sera of highly sensitized TCs who have
been subjected to immunomodulation/desensitization.

SA SP Luminex-based methodology and structural
analysis of HLA epitopes
Each HLA protein represents a linear sequence of amino
acid residues (AAR) or triplets, and the degree of mismatch is assessed as the number of triplets that are not
shared between the donor and the recipient. There are
two important points regarding this approach. First, only
the AARs accessible to antibodies that reside in α-helical
coils and β-loops are considered. In contrast, the triplets
that are located in the β-pleated floor and beneath the
α-chains are not available for antibody binding and are
often not critical for antibody production because they
are not immunogenic[140-143]. Second, alloantibodies can be

component 1q SA SP binding assay
The classical pathway of complement activation following antibody/HLA interactions is usually associated with
graft cell damage and poor outcomes. Over the last decade it has been demonstrated that some of the DSAs
detected with SA SP analysis but not with CDC (FC pos/
CDC neg) can activate the complement system[124-128].
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produced only against non-self-mismatched triplets.
Furthermore, AAR triplet analysis (HLA Matchmaker
computer algorithm) can explain or predict the development of post-transplant antibodies in kidney allograft recipients[46,50]. Subsequent analyses of patients’ antibodies
and HLA-specific monoclonal antibodies have revealed
that each HLA consists of structurally defined “eplets”
that represent epitopes comprised of the AARs within a
3 Å-5 Å radius of the surface of the molecule[48,10,122]. An
example of such analysis is presented in Figure 9, Figure
10 and Table 2. The HLA typing results of the recipient,
previous donors, and current donors are given in Table 3.
The pre-transplant evaluation of the second kidney TC
revealed multiple weakly reactive (MFI cutoff ≥ 2600)
antibodies including DSA B*44:02 (Figure 9) and strongly positive T cell FC CM results (∆MCS = 129, positive
cutoff = 50) (the autologous T cell FC CM results appeared to be negative). A HLAMatchmaker analysis of
the HLA-B locus-specific antibodies determined that the
antibody reactivity was restricted to two epitopes/eplets
44re and 167es on the immunizing HLA-B*45:01antigen.
FC CM and SA bead assays revealed that the antigens
targeted by the recipient antibodies shared the eplet pair
44re69at. Eplets that were mismatched with the immunizer were 44re and 167es, while 69at was shared by both
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the donor’s B7 and the patient’s A23 and A66 (Figure 10).
The identification of immunogenic epitopes significantly affects the prediction of post-transplant alloantibody specificities, donor selection, graft outcome,
and organ allocation. The recent studies of Zeevi et al[142]
and Duquesnoy et al[143] used monoclonal antibodies to
demonstrate the anti-HLA antibody complement-fixing
abilities strictly depend on the configuration of the critical contact eplet(s)[140,141]. The results of their studies
indicated that complete complement cascade activation is
determined by the energy produced from the antibodyHLA interaction. The amount of this energy should
be sufficient to induce conformational changes of the
constant region of the antibody to elicit C1q binding and
subsequent component activation. The authors hypothesized that the binding energies of the SA C1q-negative
antibodies are insufficient to induce conformational
changes in the constant region. However, in the cases of
the C1q+ and CDC+ antibodies this energy is sufficient
to trigger complete complement activation and cell membrane damage[141,143].
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CONCLUSION
The identification of anti-HLA antibodies in TC serum
is a major task of HLA laboratories and transplant physicians and is important for graft failure risk assessment
and donor selection. Furthermore, antibody detection is
critical in highly sensitized TCs who have been subjected
to desensitization (immunomodulation). SA SP analysis is
a highly sensitive and highly specific method of antibody
characterization that enables the detection of low concentrations of antibodies and their fine HLA specificities.
However, this assay is not free from limitations including large variation in the numbers of HLA molecules
per bead and the effects of manual (i.e., technologist-totechnologist) factors on assay variance. In this review, I
attempted to share multiple years of experience performing SA SP assays for pre- and post-transplant antibody
analyses in my laboratory and address some pitfalls and
caveats of this assay. Evaluations of the clinical significance of anti-HLA antibodies should undeniably include
their concentrations, isotypes, ability to fix the complement, and fine epitope specificity.
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Core tip: Complement cascade is involved in different
types of renal disease, from glomerulonephritides to
pre-eclampsia, and the availability of new drugs, able
to inhibit different steps of the cascade, re-defined this
ancient pathway, and its blockage both in native and
transplanted kidneys, as a new challenging frontier in
renal disease treatment. In this review we evaluate the
importance of complement cascade in renal transplantation diseases, focusing on available treatments, and
we propose a speculative identification of areas where
complement inhibition may be a promising strategy.

Abstract
The identification of complement activity in serum and
immunohistochemical samples represents a core element of nephropathology. On the basis of this observation, different experimental models and molecular studies have shown the role of this cascade in glomerular
disease etiology, but the absence of inhibiting drugs
have limited its importance. Since 2006, the availability
of target-therapies re-defined this ancient pathway,
and its blockage, as the new challenging frontier in
renal disease treatment. In the graft, the complement
cascade is able to initiate and propagate the damage in
ischemia-reperfusion injury, C3 glomerulopathy, acute
and chronic rejection, atypical hemolytic uremic syndrome and, probably, in many other conditions. The
importance of complement-focused research is revealed
by the evidence that eculizumab, the first complementtargeting drug, is now considered a valid option in
atypical hemolytic uremic syndrome treatment but it is
also under investigation in all the aforementioned con-
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INTRODUCTION
Complement was initially identified by Ehrlich and Morgenroth in the 19th century as a factor that “complemented” the bactericidal action of immune cells[1]. MullerEberhard in 1960 described the cascade and hypothized
its involvement in some different diseases[2,3]. Despite the
overt demonstration of a complement activation in serum and immunohistochemical samples, the exact role of
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Figure 1 Complement cascade and regulatory proteins. MBL: Mannose binding protein; MASP: MBL-associated serine proteases; CFB: Complement factor B;
CFD: Complement factor D; CFH: Complement factor H; CFI: Complement factor I; C1-inh: C1 inhibitor; C4b-BP: C4 binding protein; MCP: Membrane cofactor protein; DAF: Decay accelerating factor; MAC: Membrane attack complex.

this cascade remained unclear for a long time.
Recently, the increasing evidence of a key role of
complement cascade in many renal diseases, from glomerulonephritides to pre-eclampsia[4-9], and the availability of new drugs able to inhibit different steps of the
cascade, re-defined this ancient pathway, and its blockage,
as the new challenging frontier in renal disease treatment.
In this review we evaluate the importance of complement cascade in renal transplantation diseases, with an
initial general description and a subsequent in-depth
evaluation. A separate section is dedicated to treatment,
analyzing areas where complement inhibition may represent a promising strategy.

Although the activation in previously reported pathways is due to a direct stimulation derived from binding
on different epitopes, the alternative pathway is constitutively active, a condition called “tickover mechanism”. In
this manner, if necessary in response to an appropriate
stimulus, the host enables a rapid and strong activation
of the cascade.
As first step, the modification induced by factors B
and D on hydrolyzed C3 creates C3(H2O)Bb, a C3 covertase. C3bBb is the result, after C3 cleavage and C3b
generation, of another interaction with factors B and D
(“amplification loop”). C3bBb is also able to generate
C3b and to enhance alternative pathway. The interaction
of C3b with C3bBb is the final causative factor for alternative pathway C5 convertase formation (C3bBb3b)[13].
C5a, one of the product of C5 cleavage, is able to
combine with final components of the cascade (C6, C7,
C8, C9): this final step generates, in all three pathways,
the membrane attack complex (MAC)[11,12].

Description of complement cascade
The complement cascade represents a direct defense
against bacterial infection and a “scavenger” for immune
complexes and apoptotic cells[10].
As summarized in Figure 1, three pathways are involved in complement activation: (1) Classical pathway:
C1q binds IgG and IgM, apoptotic cells, or acute-phase
proteins promoting cascade progression; (2) Lectin pathways: two trigger proteins (mannose-binding lectin-MBLand ficolins) activate complement after the adhesion
to bacterial surface; and (3) Alternative pathway: in this
important and well studied pathway, the first step is represented by the constant and spontaneous hydrolysis of C3.
In the classical pathway, the conformational change
induced by C1q binding causes C1r and C1s activation.
These proteases are both able to generate C4b from C4.
After C2 cleavage and generation of C4b2a (a C3 covertase), the last step (C3 cleavage), generates the C5 convertase C4b2a3b[11,12].
In the lectin pathways, MBL interaction with one of
its two associated serine proteases (MASPs-1 or MASP-2),
promotes C3 cleavage[13,14].
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Regulatory mechanism
The cascade regulation has a key role, because an uncontrolled activation, secondary to defects or mutations in
regulatory proteins, is referred to be the triggering cause
of some complement-mediated diseases (i.e., atypical hemolytic syndrome).
The alternative pathway is the more controlled cascade, as predictable by the evidence of its continuous and
spontaneous activation depending on C3 hydrolysis.
The regulatory proteins are divided in two types:
fluid-phase and membrane-bound molecules (Figure 1):
(1) The fluid-phase regulators are serum proteins. C1
inhibitor is able to arrest classical activation by blocking
C1q dissociation, and, in high concentration, can inhibit
both the lectin-binding and alternative pathways[11]. Factors H and I act a pivotal role cleaving C3b and conse-
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this damage[21]. C3 expression after reperfusion, probably
related to methylation of C3 gene promoter as observed
after cold ischemia[22], is associated with a diminished
graft survival[23].
Recent data have shown that a kidney from a mice
with C3 deficiency is not affected from ischemia reperfusion injury after transplantation in a normal mice, and
per contrast, the inverted transplant combination is associated with damage, suggesting the idea that the C3
production in the kidney, and not circulating C3, can be
considered[24].
In a swine model, the presence of MASP and MBL
deposits after ischemia-reperfusion suggests also an activation of lectine pathway[25] and a more complex overall
picture.
In humans, increased serum C5a and C5aR expression in kidney biopsy are both found in brain-dead donors[26], and also a transient MAC-release is demonstrated
after reperfusion[27].
The blockage of complement cascade shows a protective effect: small interfering RNA (siRNA) against
C5a receptor, C5a antagonists and C1q inhibitors display
a limitation of ischemia-reperfusion injury in different
models[21,25].

quently regulating the alternative pathway. Factor Ⅰ is also
able to hydrolyze C4b in presence of C4 binding protein;
and (2) The second type of regulatory proteins, not pathway specific, are membrane-bound regulators. In most
cases, these molecule are anchored to the cell membrane
through a glycophosphatidylinositol component. Factor
Ⅰ inhibits complement in association with two of them,
membrane cofactor protein (MCP) and CR1; CD35 and
complement receptor of immunoglobulin also accelerate
C3 and C5 convertase degradation. CD55 enhances C3
convertase spontaneous degradation. Protectin (CD59)
directly inhibits MAC formation[11,14].
Effects of complement cascade activation
Three different effectors are activated by complement
cascade: (1) Anaphylatoxins (C3a and C5a): stimulators
of different inflammatory pathways (tumor necrosis
factor-α, upregulation of histamine, cytokine, chemokine,
and eicosanoid production)[15]; (2) opsonins (C3b, iC3b,
and C3d): these molecules are responsible for the “scavenger” ability of complement by direct binding to the
surface of target cells and immune complexes facilitating
their elimination[16]; and (3) MAC: C5b-9 generation on
cell membrane leads to opsonization, and finally to osmotic lysis of pathogens and damaged cells[17].

Atypical hemolytic uremic syndrome
Microangiopathic hemolysis, thrombocytopenia and renal
damage characterize atypical hemolytic uremic syndrome
(aHUS)[28], a condition with poor prognosis both on native and transplanted kidneys. aHUS has also an important recurrence rate in the graft (from 60% to 100%)[29],
and this evidence paves the way to the application of
preventive strategies to mitigate/abrogate this damage.
In the past decade, the identification of alternative
pathway role in aHUS pathogenesis[30] has completely
changed the treatment and management of aHUS. It is
now well-known that an overactivation of alternative
pathway explains almost all cases of aHUS[29,31].
Patients with mutations on C3 or on regulatory proteins complement factor H (CFH), complement factor I
(CFI), complement factor B (CFB) experienced high recurrence rates[31]. Mutations on MCP or on diacylglycerol
kinase-ε, on the contrary, exposed patients to a very low
rate of recurrence, because the graft expressed normal
proteins[31,32].
Patients who had autoantibodies against regulatory
protein (i.e., anti-CFH antibodies) are in midstream:
surprisingly cases of recurrent aHUS are observed even
when the immunosuppressive regimen have successfully
reduced the antibody titer[33].
The role of eculizumab in aHUS, both on treatment
and prevention of recurrences, is discussed separately.
Here we anticipate that all previously adopted strategies
(plasma infusion, abrogation or minimization of calcineurine inhibitors (CNI)-for its potential inductive effect
in aHUS) failed in treatment and prevention of aHUS[29];
also mammalian target of rapamycin inhibitors, proposed
as alternative to CNI, are recognized as an independently

COMPLEMENT-MEDIATED DISEASES IN
KIDNEY TRANSPLANTATION
In this section, we summarized renal transplant diseases
where, at the present time, complement activation shows
its involvement. In every paragraph we enunciate the effect of complement inhibition in the mitigation of the
damage, if present; a separate section is dedicated to
available treatments and future perspectives.
Ischemia-reperfusion injury
An important limitation in long-term outcomes of cadaveric transplants is the inevitable ischemia-reperfusion
injury. In the past decade, the use of preservation fluids
and machine-reperfusion instruments have expanded the
availability of organs reducing delayed graft function,
but did not abrogate this kind of damage. The ischemiareperfusion injury remains, for the same age and risk
factors, the corner-stone which differentiate living from
deceased donors.
As known, the reperfusion of the graft activates some
different processes, such as release of reactive oxygen
species, alteration of endothelial permeability and gene
transcription. All these conditions ended on an inflammatory infiltrate and kidney injury[18,19].
The complement cascade is activated in the ischemiareperfusion mediated damage. The alternative pathway
seems to explain the major role, as suggested by the
absence of antibody deposition in kidney biopsy after reperfusion in animal models[20]. As a further confirmation,
C3 and CFB deficient mice are resistant to ischemia-reperfusion injury, despite C4 knockout mice suffered from
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associated risk factors for aHUS[34].

Recently, an complement involvement has been demonstrated in other antibody-mediated nephritis, i.e., ANCAvasculitis[48], antiphospholipid antibody syndrome[49] and
crioglobulinemic disease[50]. As a consequence, complement
inhibition is a key point of interest in these conditions.

C3 glomerulopathies
One of the most important innovation in nephropathology is the introduction of C3 glomerulopathy definition.
This entity is intended as a condition in which the immunohistochemical samples show C3 glomerular accumulation with scanty immunoglobulin deposition[35], including deposit dense disease and membranoproliferative
type Ⅰ and type Ⅲ in which the C3 deposition is isolated
or predominant[36].
This pathological reclassification implies a new clinical insight: C3 glomerulopathy is a complement-mediated
condition where alternative pathway activation plays, as
in aHUS, a pivotal role. Genetic and serological tests revealed CFH, CFI, MCP, C3 and factor B mutations in a
low but significant percentage of patients, and positive
C3 nephritic factor (an immunoglobulin able to stabilize
C3bBb reducing its inactivation)[37]. In most cases, with or
without positive genetic/serological tests, elevated levels
of soluble C5b-9 are demonstrable, surrounding evidence
of a smoldering complement activation[36,37].
The recurrence rate of C3 glomerulopathy on renal
transplantation could be approximately estimated on
about 60%, as derived from two small case series of Servais et al[37] and Little et al[38] and confirmed in the recent
paper of Zand et al[39].
The treatment, or the prevention, of the recurrence is
far from being defined. Anti-cellular immunosuppression
with rituximab, cyclofosfamide or mycophenolate mofetil
with or without plasma therapy are ineffective both in native and transplanted kidneys[40,41]; as observed in aHUS,
a post-treatment negativization of C3 nephritic factor is
not sufficient to prevent a recurrence in the graft[41]. As
for aHUS, the role of eculizumab in C3 glomerulopathies
treatment is discussed in a separate section. We anticipate
that no clinical trial have already evaluate the potential
role of anti-C5 drugs in disease prevention, but some
papers suggest promising effects of Eculizumab in recurrence treatment[41,42].

Renal allograft rejection
Complement exerts an effect in the immune activity, and
C5a-C5aR interaction plays the critical role. It has been
shown that natural regulatory T cells express both C5aR
and C3aR, and a blockage of these receptors in mice
induces a tolerance profile in autoimmune condition and
organ transplants[51]. It was also reported that anaphylatoxins can stimulate T-cell proliferation and activation[52].
Moreover, an indirect confirmation of the alternative
pathway causative role is suggested by the evidence that
a murine model with C4 deficiency transplanted with a
kidney graft derived from a donor with the same defect
experienced a T-cell mediated rejection[53].
The cascade involvement in acute antibody mediated
rejection (ABMR) represents an interesting issue, both
for therapeutic and diagnostic point-of-views.
Anti-Human Leukocyte Antigen antibodies, especially
against donor specific molecules (anti-DSA), are identified as the pivotal cause[54] of ABMR, but, at the same
time, a wide spectrum of lesions in presence of positive
DSA tests has been reported, ranging from nearly normal
histological samples to acute and rapidly destructive rejections[55]. So, the differentiation between “bad” or “not
so bad” antibodies acquired a growing interest.
Moreover, some data show that the “bad” activity of
antibodies can be also involved in previously considered
“chronic” lesions (i.e., transplant glomerulopathy)[56,57]
and the application of acute rejection therapeutic approaches in these conditions seems to be able to abrogate
or at least mitigate the progression to chronic allograft
disfunction[58,59].
We know that antibodies can activate complement
cascade both with classical and lectin pathway. This activation leads to C4 cleavage and C4d deposition on peritubular capillaries, which is considered a “footprint” of
both acute and chronic ABMR[60].
Recently, patients with C1q-binding antibodies demonstrates a poorer outcome than patients with no-fixing
antibodies at 1 and 5 years, with a significant difference in
acute rejection rates and C4d positive staining[61]. This evidence definitely paves the way to evaluate the efficacy of
complement blockage drugs to prevent or treat antibodyrelated diseases.
The reduction in C4d deposition with a better long
term outcomes in patients with an increased expression
of CD55 provides a further confirmation[62].

Other glomerulonephritides
The role of complement activation is demonstrated in
some different glomerulonephritides.
In animal model of membranous glomerulonephritis,
for example, nephrotic-range proteinuria was abrogated
after complement deprivation[43]. Recent studies in humans showed a direct correlation between podocyte
injury and complement activation[44]. Recently, antibodies
against the phospholipase A2 receptors (PLA2R) were
correlated with idiopathic membranous nephritis[45]: curiously, the anti-PLA2R antibodies are mainly an IgG4,
which is the subtype with a low ability in classical pathway activation.
Complement cascade is also directly involved in systemic lupus erythematous (SLE). Patients with genetic
deficiency in classical pathway proteins may develop
SLE[46] and complement products excretion (C5a and
MAC) increased during disease “flares”[47].
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ANTI-COMPLEMENT STRATEGIES
Eculizumab
Eculizumab (Soliris®, Alexion Pharma) is an anti-C5 fully
humanized monoclonal antibody able to abrogate terminal complement activation[63]. Eculizumab completely
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changed the prognosis and the clinical course of paroxysmal nocturnal hemoglobinuria, a complement-dependent
disease[63,64]. Efficacy, well-toleration, absence of major
side-effects and the potential usefulness in all condition
in which complement is involved increased the interest
about this drug worldwide.
An important precaution is to adopt a combined antimeningococcal vaccination and antibiotic treatment, because MAC-inhibition is associated with a “splenectomylike” effect (and a consequent high risk of infection) and
already available vaccines are unable to cover all meningococcal subgroups, as demonstrated by the development
of meningococcal infection in a patient vaccinated before
eculizumab treatment[65].
At the present time 50 studies are evaluating the effect of this drug in different subsets: more in detail 10 of
these refers to transplant area, 15 to nephrologic diseases.
Regarding to C3 glomerulopathy, McCaughan et al[41]
successfully treated a patient with a recurrence of deposit dense disease which had no previous response to
rituximab and plasmapheresis despite a normalization
in C3 nephritic factor titer; Bomback et al[42] in the first
trial, demonstrated a diffuse but not consistent response:
best outcomes are obtained in subjects with high levels
of serum C5b-9, suggesting the idea that patients with
a “burst” of complement are the best candidate to this
therapy. In renal transplantation, eculizumab has been
successfully adopted in desentitization protocols[66] and,
as a rescue treatment, in some cases of ABMR[67,68].
Regulatory agencies in United States and Europe
(Food and Drug Administration and European Medicine
Agency) approved eculizumab in aHUS treatment on native kidneys after struggle results of some experiences[69,70].
Also in renal transplantation eculizumab is effective in
aHUS treatment[71] and recurrence prevention[72,73].

graft function.
Other molecules (a C3 cyclic peptide inhibitor POT-4, Alcon-, an anti-C5 antibody-LFG316, Novartis-,
and a C5 aptamer-ARC1905, Ophthotech) are under investigation in age-related macular degeneration.

CONCLUSION
In the past few years we acquired an enormous amount
of evidences that undoubtedly confirmed the central role
of complement cascade in different pathologies and an
inhibitor of complement activation, Eculizumab, shows
is safety and usefulness, also in renal transplantation.
However, the issue is far from settled.
At the present time, the next step is, not any more,
if the use of the drug is a successful strategy, but when
we have to consider this therapy and, nevertheless, how
long. For example, in aHUS, eculizumab prevents the
recurrence when used in induction regimen but, as previously reported on native kidneys, the risk of relapses in
cases of suspension or prolongation of the treatment
over the defined period is intolerable[63]. Moreover, the
treatment of the relapse with a readoption of eculizumab fails in some cases[69]. If the drug is started only
at the time of the recurrence, the outcomes were strictly
time-dependent, with poorer results in patient treated
afterwards[62]. Similar data are emerging in the treatment
of other conditions, as C3 glomerulopathy[36]. In theory,
a suspension is a safe option only in those conditions
where complement activation is a transient phenomenon,
as in ischemia-reperfusion damage. In antibody-mediated
damage the question is still debating.
As known, a limit of the lifelong approach is the
cost-per-patient, so the adoption of instruments able to
individuate the subset of patients where a minimization/
interruption of the drug could be safe (i.e., functional or
serological tests of complement activation) is one of the
future challenges.
In conclusion, the re-discovery of the key role of
complement activation and the availability of new drugs
with a direct ability in complement inhibition are modifying our treatment protocols and offer a new potential
amelioration in graft and patient survival rates. Long
term outcomes and randomized clinical trials for the new
indications are desirable, in view of a better therapy individualization.

Future perspectives
Some different strategies of complement cascade blockage are part of ongoing trials. One research hypothesis
is to silence the expression of C5a receptor. Mice treated
with an infusion of siRNA have a prolonged graft survival, with reduced inflammatory response on kidney
biopsies[74].
In a murine model of crescentic glomerulonephritis
CCX168, a small molecule able to inhibit C5a receptor,
abrogates extracapillary proliferation[48]. Inhibition of
antibody-mediated complement activation can be also
provided by stimulating the natural inhibitory activity, or
interfering with other parts of classical pathway.
Berinert® (CSL Bhering) is a concentrate of C1q
esterase approved for the treatment of ereditary angioedema[75]: a prospective and randomized trial in sensitized
patients [NCT01134510] is investigating its effect in reducing antibody-mediated rejection rate.
Some authors proposed Mirococept (APT070), a derived form of complement receptor 1 able to attenuate
myocardial and intestinal ischemia-reperfusion damage in
rats[76], as a promising option for the reduction of delayed
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Abstract
Despite improvements in overall prognosis in lupus
nephritis, 10%-30% of patients with proliferative renal
involvement progress to end stage renal disease, according to the severity of the disease and associated
socioeconomic factors. Kidney transplantation has
been recognized as the most appropriate treatment for
those patients, but several issues remain after renal
function restoration in a lupus recipient. Among these
are the fear of lupus nephritis recurrence in the graft,
the choice of immunosuppressive therapy in cases of
recurrent lupus for a patient who has already received
a toxic and prolonged immunosuppressive course, and
finally, the management of comorbidities to reduce
associated morbidities in the long term. All the above
topics are examined in this review, with the hope of
providing a clear picture of data as illustrated in the
current literature.

INTRODUCTION
Although significant progress has been noted over the
last few decades in the treatment of lupus nephritis,
the incidence of end stage renal disease (ESRD) has increased significantly between 1982 and 2004; from 1.16
cases per million person-years in 1982 to 3.08 and 4.9
cases per million person-years in 1995 and 2004, respectively[1,2]. Kidney transplantation (KTX) is the treatment
of choice for patients with incident ESRD. However,
current practice for those who progress to ESRD as a
result of exacerbation of lupus nephritis or newly diagnosed lupus with rapidly progressive renal disease is to
start with hemodialysis (HD). The rationale is to suppress
any residual lupus activity, to allow the disease to become
quiescent, mostly in those patients who experience a rapid decline in renal function due to aggressive lupus. Remission of lupus overall is particularly important before
proceeding to transplantation, and thus, all patients with
recent significant renal or extra-renal activity and ESRD
begin with HD. One potential benefit from this choice
is the believed “burn-out” effect of this modality on the
disease[3]. Secondly, 3 to 6 mo on dialysis, before proceed-

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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ing to transplantation, seem to be sufficient for renal
function to recover in individuals with rapidly progressive
glomerulonephritis due to lupus. In contrast, patients
who are in complete remission for a considerable time
period prior to ESRD, may also precede with preemptive KTX, if there is an appropriate living donor. This
practice is supported by analysis of the United Network
for Organ Sharing dataset from 1987 to 2009[4], which
revealed that patients with lupus nephritis who received
a kidney transplant preemptively, before the need for dialysis, presented better graft survival and a lower risk of
recipient death. It was associated with superior patient
and graft outcomes[4].

in several comorbidities. Thus, when planning the future
of these patients in terms of renal replacement therapy,
every effort should be made towards improving survival
rates and quality of life.
Finally, PD is a better choice for initiating renal replacement therapy in patients with lupus and antiphospholipid syndrome, since access failure due to recurrent
thrombosis is a major problem in this group of patients.

LUPUS ACTIVITY IN PATIENTS WITH
ESRD
As mentioned above, from the time SLE patients progress to ESRD and start dialysis, clinical and serological
activity of lupus is known to decrease. Longstanding
clinical experience and research have shown that patients
with renal failure resulting from lupus frequently experience a remission of their extra-renal manifestations and
improvement in lupus serologic results with dialysis so
that all immunosuppression can be withdrawn[3,9,10]. Fries
et al[3] first described this quiescence of lupus in patients
with ESRD and termed it “burnt-out lupus”. Several
studies have since reported significant improvement in
all autoimmune phenomena following commencement
of dialysis. Mojcik et al[11] found that the prevalence of
patients with clinical lupus activity in the post-dialysis
period diminished over time: 55%, 6.5% and 0% after 1,
5 and 10 years, respectively. They found that the serological activity in lupus was not necessarily correlated with
clinical activity and that it was a more frequent condition
present in 80%, 60% and 22% of the patients after 1, 5
and 10 years, respectively[11]. Although the causes of this
phenomenon are not completely understood, it is repeatedly reported and in many cases associated with gradual
or partial resolution of the extra-renal manifestations of
lupus[12-14]. Less frequently, and typically in patients of
black race, some investigators have reported continuation
of lupus activity and occasionally exacerbation with the
onset of ESRD[15]. However, these results are better understood if we consider that they refer to varying patient
populations and genetic profiles.

RENAL REPLACEMENT THERAPY FOR
LUPUS PATIENTS WITH ESRD
Very few, small, retrospective studies have compared dialysis modalities to KTX in terms of cumulative survival
and long-term clinical outcomes of patients. Goo et al[5]
studied 45 systemic lupus erythematosus (SLE) patients
who initiated HD, peritoneal dialysis (PD) or KTX, between 1990 and 2000, in Korea. Disease activity, defined
by the SLE Disease Activity Index, was significantly
higher after PD during the 4.5 years of follow-up (HD: 5.0
± 3.6, PD: 7.4 ± 3.7, KTX: 2.2 ± 1.7), whereas survival
rates were similar in the three groups[4]. Thirteen patients
died during the observation period, mainly due to infections, but the type of renal replacement therapy they were
under was not specified[5]. A clear superiority of KTX, in
terms of survival and complication rates, has been shown
in a retrospective multicenter study by Kang et al[6]. Tenyear survival in 59 individuals, who underwent KTX,
PD or HD for lupus nephritis, was 90%, 81% and 55%,
respectively. It should be noted however, that the transplantation group consisted of relatively younger patients.
Lupus flare-up was absent among transplanted patients
(0% vs 50% vs 14%) during the study period. Higher
mortality rates were recorded in the HD group and they
were attributed mainly to cardiovascular disease and malignancies. Only one transplanted patient died during the
10-year follow-up[6]. Current practice in the United States
population is depicted in a large analysis by Costenbader
et al[7], based on the United States Renal Data System.
Between 1995 and 2006, 12344 patients with ESRD
related to lupus nephritis were identified. Hemodialysis
was the most commonly used renal replacement therapy
with a significant increase during the study period (from
75.9% to 83.9%). Despite an increase in the number of
living donors, KTX rates decreased markedly from 1995
to 2006, a fact that could be associated with donor organ
shortage and the low socioeconomic status of several
patients. Nevertheless, survival of patients undergoing
KTX has shown absolutely no improvement over the 12
years of the study[7]. Patients suffering from ESRD secondary to lupus nephritis are younger[7,8] and severely immunocompromised due to the underlying disease and the
prolonged use of immunosuppressive therapy, resulting
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INCIDENCE OF RECURRENT LUPUS
NEPHRITIS IN THE ALLOGRAFT
The standard concern in lupus patients who undergo
KTX is lupus nephritis recurrence in the graft. Variable rates of recurrent lupus nephritis (RLN) have been
reported, ranging from 0% to 44%[16-33] with certain differences, i.e., patients’ characteristics, the era of immunosuppression and the indications for renal biopsies such as
protocol biopsies or serial biopsies, accounting for this.
Moreover, it is essential to distinguish clinically apparent RLN in the allograft from incident histopathological
findings attributable to a lupus effect in the graft without
any concurrent clinical, renal or extra-renal, symptoms or
signs of lupus, and thus with questionable clinical impor-
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serologic markers at the time of the kidney biopsy[26].
Norby et al[36], in a cross sectional study of lupus patients
with surveillance biopsies after KTX, showed that subclinical recurrence was frequent, with 54% of the patients
having RLN. The type and extent of renal involvement
and activity is adequately characterized by electron microscopy in such cases[37]. Additionally, combined evaluation with immunofluorescence and electron microscopy
may play a role in distinguishing RLN from other accompanying renal abnormalities, such as acute rejection,
which may also associated with mild glomerulitis[37].
Time to RLN may also vary from days to decades
after KTX. Goral et al[26], demonstrated that RLN can
occur as early as 6 d after transplantation. Conversely,
there are reports of very late recurrence, up to 16 years
post transplantation[29]. In the same study, however, the
median time to recurrence was 4.3 years post KTX[29].
Moreover, the histopathologic lesion may be different
from the one in the native kidney, and most frequently is
less severe[4,5,32]. Nevertheless, given the silent nature of
many of the recurrences, it is impossible to determine the
precise timing of recurrence, or the rate of recurrence in
patients who did not undergo biopsies.

tance. The setting of RLN in transplant patients generally include renal dysfunction, either an acute increase in
serum creatinine, or a slow increase compared with the
baseline value, or new onset proteinuria or glomerular
hematuria or both.
Clinically apparent RLN is found at an incidence rate
of 2%-11%[10,23-33]. The results from the largest cohort
of patients indicate that RLN in the graft is uncommon[28]. Specifically, 2.44% of 6850 recipients with SLE,
transplanted between 1987 and 2006, developed RLN[28].
Similarly, Stone et al[33] in an earlier period, showed a rate
of RLN in the graft of 2%. Burgos et al[32] found an overall rate of RLN in 11% of 177 patients with SLE who
underwent KTX. In our experience, RLN in the graft
was documented in 7.7% of patients who underwent a
graft biopsy according to clinical indication[28]. One of
these patients in our population experienced graft loss
due to lupus. Moroni et al[34] reported recurrence of lupus
nephritis in 8.6% of the grafts, but no graft was lost because of RLN.

CLINICOPATHOLOGIC CORRELATIONS
Incidence rates of “subclinical” lupus nephritis in the allograft, i.e., histopathological findings in protocol or serial
biopsies, differed substantially from those which were
performed solely according to clinical indication. The use
of light microscopy alone, in the examination of biopsy
specimens likely yielded a significantly lower rate of diagnosis of RLN. However, it was quickly recognized that
transplant kidney biopsy specimens from patients with a
history of ESRD as a result of lupus must additionally
be evaluated by both immunofluorescence and electron
microscopy. The diagnosis of lupus nephritis in the renal allograft should ideally be established after complete
examination of the biopsy using the World Health Organization (WHO) or the International Society of Nephrology/Renal Pathology Society Histologic Classifications[35],
including a positive immunofluorescence microscopy,
and/or the presence of electron dense deposits in the
electron microscopic assessment. In this regard, when
both immunofluorescence and electron microscopy were
used for the evaluation of renal biopsies, along with a
more aggressive protocol of graft biopsies, it was shown
that 30% of the patients experienced recurrence of lupus
nephritis[26]. In the study by Goral et al[26], graft survival
was not influenced by recurrent disease, and the authors
recommended complete morphologic study of the specimen using immunofluoresce and electron microscopy[26].
Similarly, Nyberg et al[21], in an earlier study of 16 patients
with SLE, had shown that 44% had biopsy-proven RLN.
Interestingly, light microscopy findings in biopsy specimens obtained from these patients were not diagnostic
for RLN, but it was diagnosed by the combined use of
immunofluorescence and electron microscopy[20]. Ultrastructural evaluation with electron microscopy can be
crucial in the diagnosis of patients with SLE, especially
if they do not have any strong clinical manifestations and
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RISK FACTORS FOR RECURRENT LUPUS
NEPHRITIS
The importance to practicing nephrologists of lupus recurrence in the renal graft is that these patients may have
poorer outcomes compared with other kidney transplant
recipients. However, a report of the American College
of Surgeons/National Institute of Health Transplant
Registry in 1975 opened the door to KTX for patients
with lupus, as it was observed that they had outcomes
comparable to those of non-lupus patients[16]. Following this observation, there have been numerous studies
which have found that overall 5- and 10-year graft survival rates are similar[11,13,14,29,34,36,38-41] or comparable[25,29]
among patients with lupus and those with other primary
diseases. Recognized risk factors for allograft loss in lupus patients include black non-Hispanic ancestry, female
gender, and young age[29,32]. Patients with antiphospholipid autoantibodies[34] and those receiving the kidney from
living donors[36] also have a higher risk of recurrence.
African American ethnicity was shown to be independently associated with RLN in the allograft and possibly
with diminished survival[32]. Dooley et al[42] had earlier
shown that, compared with Caucasians, lupus nephritis
developed more frequently in African Americans (60%
vs 25%). Furthermore, African Americans displayed a
less favorable response to treatment and thus the disease
progressed to ESRD at a higher rate[42]. Consistent with
this, Contreras et al[29] found that black non-Hispanic and
female recipients had, respectively, 1.88- and 1.70-fold
increased risk for the development of RLN. The same
study demonstrated that recipients younger than 33
years had a 1.69-fold increased risk for the development
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lupus activity were found to be low in the study by Norby
et al[36], and did not differentiate between patients with
RLN and those without recurrence.
However, there are select patients who require additional immunosuppressive treatment. In terms of renal
involvement, these mostly include patients with clinically
evident disease and severe histopathologic lesions, consistent with WHO class Ⅲ or Ⅳ[35] in the graft. Among patients who have a histologic diagnosis of recurrent lupus
in the graft, along with rapid deterioration of renal function, all other factors associated with acute renal dysfunction in a kidney transplant recipient should be excluded
at first, i.e., acute rejection, chronic allograft nephropathy,
calcineurin inhibitor toxicity. Following this workup, any
lupus patient with new onset proteinuria or worsening
proteinuria and/or hematuria in the presence of severe
proliferative lesions in the graft biopsy requires the existing immunosuppressive regimen to be modified. Depending on the clinical picture and morphologic lesions, we
use either higher doses of mycophenolate mofetil or (2-3
g/d), or initiate cyclophosphamide intravenously along
with discontinuation of the current antimetabolite. Both
of these options are always accompanied by glucocorticoids, usually pulses of methylprednisolone, 500-1000
mg/d for 3 consecutive days, which are followed by a
tapering steroid regimen. We tend to choose cyclophosphamide in cases who present with rapid renal deterioration combined with a crescentic pattern in histology, and
in all cases with severe extra renal disease, i.e., pulmonary
hemorrhage, central nervous system involvement, or any
other life-threatening phenomenon attributable to lupus.
Although there is not sufficient data to support the use
of the aforementioned agents in the lupus transplant recipient with recurrence, this approach is based upon studies of patients with lupus nephritis involving the native
kidney[45]. Similarly, the optimal scheme of cyclophosphamide for these patients, who already carry a considerable
load of immunosuppression starting from their initial
diagnosis of SLE, is not known. One reasonable option
is the Euro lupus regimen, which consists of 6 intravenous pulses of 0.5 g cyclophosphamide[46]. Patients of
black ethnicity may need more aggressive therapy, with
monthly courses of cyclophosphamide of 0.5-1 g/m2
body surface area. In any case, the leukocyte nadir is the
main guide of therapy, i.e., less than 4000/μL and absolute neutrophil count less than 1500/μL. However, the
maximum dose of cyclophosphamide should not exceed
1 g/m2 body surface area.
In cases of resistant RLN despite the use of mycophenolate mofetil and cyclophosphamide, the only
treatment option is rituximab along with an increase in
glucocorticoids. Nevertheless, there are no published data
to support the use of rituximab in RLN among kidney
transplant recipients, but only a few observational studies and case reports of the successful use of rituximab
in patients who suffer from lupus nephritis in the native
kidney and are resistant to mycophenolate mofetil and
cyclophosphamide[45,47-49]. As the optimal scheme is not

of RLN. Onset of SLE and ESRD at a younger age in
a black woman usually predicts a more aggressive disease[29]. Recurrent lupus nephritis and chronic rejection
of the kidney were shown to be risk factors for allograft
loss (HR = 2.48; 95%CI: 1.09-5.60 and HR = 2.72;
95%CI: 1.55-4.78, respectively) in the study by Burgos et
al[32]. However, Stone et al[33] had found that RLN did not
invariably result in allograft failure. The same study demonstrated that short time period of pre-transplantation
dialysis, i.e., less than 6 mo, had no adverse effect on
KTX outcome in 10 of 11 studies that examined the relationship[33].

DIAGNOSIS AND TREATMENT OF RLN IN
THE ALLOGRAFT
RLN in the allograft should be suspected in any patient
who progresses to ESRD due to renal lupus, in the light
of certain clinical and/or laboratory findings. Thus,
new onset proteinuria or glomerular hematuria should
directly lead to the suspicion of lupus nephritis in the
allograft. However, rapid worsening of previously existing proteinuria should also raise the suspicion for RLN,
especially with the coexistence of glomerular hematuria.
The clinical presentation of increased serum creatinine is
also typical of patients with RLN in the graft. However,
among all transplant recipients who present with an elevated serum creatinine, there are certain other parameters
that need to be excluded as possible contributors before
considering a diagnosis of RLN. These include dehydration, toxic concentrations of serum calcineurin inhibitors,
and obstructive uropathy. Diagnosis of RLN is made by
biopsy and histopathologic evaluation by light microscopy, immunofluorescence and electron microscopy as
discussed earlier. Measurement of serologic parameters,
such as complement levels and titers of anti-double
stranded DNA antibodies is not helpful in establishing
the diagnosis in the allograft[24,33].
Immunosuppressive therapy
Kidney transplant recipients with recurrent lupus usually
do not require any change in the immunosuppressive regimen, as they already receive maintenance therapy for the
transplant. Most are shown to have mild lesions in the
graft due to lupus, as demonstrated by surveillance biopsy
studies[36]. Specifically, most of the patients had subclinical disease of class Ⅰ or Ⅱ in the biopsy[36]. On the other
hand, the vast majority of patients had chronic allograft
nephropathy (84%)[43], while they were also susceptible
to calcineurin inhibitor toxicity, as are SLE patients who
have not had transplants[42]. Besides, the major impediment to the goal of improved kidney transplant survival
is a cumulative and progressive immune and non-immune
injury[43,44]. In kidney transplant recipients with SLE, standard immunosuppression with a calcineurin inhibitor,
mycophenolate mofetil and prednisone seems to protect
against clinically overt recurrent disease, but not against
chronic allograft nephropathy[36]. Importantly, indices of
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matched non-SLE transplanted patients. Norby et al[56]
also found that the main cause of death was cardiovascular disease, with acute myocardial infarction as the major
factor. Notably, death from cardiac-associated events
occurred much earlier in SLE patients compared to the
control group (median time: 3.9 years vs 13.0 years).
No specific data exist to date comparing morbidity
between deceased and living donor KTX in this patient
population, although living donation in these patients has
been associated with improved patient and graft survival[41].

known, one may use the same dose as for lupus nephritis
in the native kidney, i.e., 1 g given on days 1 and 15, or
375 mg/m2 body surface area as given in antineutrophil
cytoplasmic autoantibodies glomerulonephritis[50,51]. Yet,
even with data on a considerable number of patients
treated with rituximab, we should always keep in mind
that the long-term toxicity has not been completely defined in the transplant population[51].
Non-immunosuppressive therapy
We treat all patients with histopathologic changes of
RLN in the graft and protein excretion, typically more
than 0.5 g/d with renin angiotensin system blockade. The
notion for this approach is based upon studies in nontransplant patients with chronic kidney disease and proteinuria, where it has been shown that renin angiotensin
system blockade decreases the progression of renal disease[52]. Anemia and hyperkalemia may be seen with the
angiotensin converting enzymes inhibitors, but this issue
is usually circumvented by the fact that transplant recipients are generally closely followed and such side effects
are readily detected. Moreover, the long-term benefit
from renin angiotensin system blockade outweighs the
risk of experiencing such events.

Other comorbid conditions
An area of major concern has always been a previous
history of antiphospholipid antibody syndrome (APAS),
or solely the presence of these antibodies in this patient
population, because of the risk of graft or other vascular thrombosis. Vaidya et al[57], recently showed that
the 10-year renal allograft survival is significantly lower
among patients with APAS, compared with those who
have only circulating antibodies. Careful monitoring is
mandatory in order to avoid thrombotic episodes.
Infections (sepsis, pneumonia, viral infections, fungal
infections, tuberculosis, urinary tract infections) have
been reported as causes of morbidity and mortality after
KTX due to lupus nephritis[6,28,47,53-55]. One could hypothesize that prolonged exposure to immunosuppressive
agents prior to ESRD, as well after ESRD and KTX
predisposes to infections. However, published data are
contradictory as the prevalence of serious infections is
not always higher in SLE recipients compared with nonSLE patients[6,57].
Malignancies, orthopedic complications, such as avascular necrosis of the femur head and osteoporosis have
been rarely reported in various studies as late complications in kidney transplant SLE recipients[6,47].

MANAGEMENT OF COMORBIDITIES
Death with a functioning graft is a major cause of renal
allograft loss in the general population. The same applies
to recipients with ESRD due to lupus nephritis, and is
mainly attributed to cardiovascular disease[53].
Cardiovascular disease
Although SLE predominantly affects young females of
childbearing age, studies point out that the disease is
characterized by an accelerated atherosclerotic mechanism, which increases cardiovascular morbidity and mortality[53,54]. Furthermore, the study by Costenbader et al[7],
recorded an increased trend towards cardiovascular risk
factors, namely smoking, obesity, diabetes mellitus and
hypertension in incident SLE-related ESRD patients, in
the years 1995-2006. Several small, mostly retrospective,
single-center studies with limited numbers of patients
indicate cardiovascular disease as the leading cause of
morbidity and mortality in transplanted patients secondary to lupus nephritis[28,47,55]. A retrospective analysis of
data from the United States Renal Data System and the
United Network for Organ Sharing was conducted between 1990 and 1999. Among 2886 patients with lupus
nephritis undergoing a renal transplant, cardiac events
and cerebrovascular disease were the main causes of
death. However, non-SLE recipients (n = 89958) exhibited a higher rate of these comorbidities, probably because
they were older, with a higher prevalence of pre-existing
cardiovascular disease and diabetes mellitus[55]. According
to data from the National Transplant Center in Norway,
77 patients with SLE underwent first and subsequent
KTX from 1972 to 2005. They were compared with 154
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Core tip: Recurrence of pancreatic autoantibodies after
kidney-pancreas transplantation is a disturbing finding. It was estimated that half of the immunological
losses of pancreas grafts may be due to autoimmunity.
There is a rising investigational effort concerning this
issue. At our unit, we have designed a protocol of prospective monitoring of pancreatic autoantibodies after
transplantation. In our experience, patients with positive pancreatic autoantibodies, compared to negative
patients, were more likely to present higher HbA1c and
lower C-peptide levels. A review of the most important
publications in this field, and about the interest of pancreatic autoantibodies monitoring after transplantation,
was made.

Abstract
Autoimmune type 1 diabetes recurrence in pancreas
grafts was first described 30 years ago, but it is not yet
completely understood. In fact, the number of transplants affected and possibly lost due to this disease
may be falsely low. There may be insufficient awareness to this entity by clinicians, leading to underdiagnosis. Some authors estimate that half of the immunological losses in pancreas transplantation are due to
autoimmunity. Pancreas biopsy is the gold standard for
the definitive diagnosis. However, as an invasive procedure, it is not the ideal approach to screen the disease.
Pancreatic autoantibodies which may be detected early
before graft dysfunction, when searched for, are probably the best initial tool to establish the diagnosis. The
purpose of this review is to revisit the autoimmune
aspects of type 1 diabetes and to analyse data about
the identified autoantibodies, as serological markers of
the disease. Therapeutic strategies used to control the
disease, though with unsatisfactory results, are also addressed. In addition, the author’s own experience with
the prospective monitoring of pancreatic autoantibodies
after transplantation and its correlation with graft outcome will be discussed.
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TYPE 1 DIABETES MELLITUS AND
AUTOIMMUNITY
Type 1 diabetes mellitus (DM1), a disease with an evident
underlying autoimmune process[1], may recur after pancreas transplantation. The first cases described by Sutherland
et al[2] were documented only in patients who have received
grafts from highly HLA-matched donors (siblings) and
with minimized immunosuppression[3]. Few years later,
diabetes recurrence was also documented in recipients of
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pancreas grafts may be due to autoimmunity[21]. Based on
these data, monitorization of pancreatic autoantibodies
has been recommended in all pancreas transplants[21] as
a primary test to identify patients at risk for autoimmune
graft loss. My personal opinion is concordant with these
authors, stating that the disease may currently remain
underdiagnosed. This may be the cause of pancreas graft
failure in some cases with unclear etiology, probably because this is not sufficiently investigated.

pancreas grafts with HLA-mismatches with the donor and
maintaining standard immunosuppression[4].
There is a recognized genetic susceptibility for DM1.
The disease is strongly associated with HLA genes, specifically with alleles DR3 and DR4[5,6]; with polymorphisms
of the proinsulin/insulin gene[7]; and with the PTP gene
(PTPN22), a gene coding for a lymphocyte-specific tyrosine phosphatase[8]. However, only about 50% of HLA
identical twins inheriting alleles DR3 and/or DR4 develop
the disease[1,9]. It means that inheritance of the HLA gene
is not a sufficient condition and susceptibility is most certainly polygenic.
It is not known which individuals are at higher risk
for DM1 recurrence on pancreas graft and what are the
important risk factors for the disease. Additionally, there
is also no consensus about the best screening tests to
identify patients at risk.

IMMUNOSUPPRESSION AND
AUTOIMMUNITY
Immunosuppressive protocols designed to prevent rejection in the pancreas transplant are not capable of containing autoimmunity[21]. This is a disturbing finding in organ transplantation. Remembering autoimmune disorders
affecting the kidney, such as ANCA-associated vasculitis
or lupus, they may relapse after kidney transplantation despite apparently adequate immunosuppression to control
alloimmunity. One condition in kidney transplantation,
which is quite similar to the pancreatic autoimmunity
recurrence, is that observed in some patients with Alport
syndrome: they may develop anti-glomerular basement
membrane disease post-transplantation, after a new exposition to glomerular basement membrane antigens (type 4
collagen antigens), for which they were natively defective.
Immune attack against the newly presented beta-cells
may occur after a pancreas transplant.
The Miami group has tried to treat autoimmune relapse in pancreas transplants with anti-lymphocyte (anti-B
and/or anti-T cell) therapies[21-23]. After a transient response in a few cases, autoimmune activity has recurred
within a short period of time. At the time of the second
recurrence they were able to identify the same clone of
autoreactive GAD-specific T cells which has been found
in the first recurrence. Pancreatic autoantibodies followed the reappearance of the T cells, with a new rise[23].
Therefore, it seems that immunosuppressive agents available at the moment cannot prevent this immune memory
response. To date, there are no studies reporting effective
and sustained treatment of pancreatic autoimmunity in
DM1 patients with diabetes recurrence.
Efforts are needed to find therapeutic strategies to
control this process. Can protocols used in kidney transplant hypersensitized patients be advantageous? Combined therapies, like plasmapheresis, immunoglobulin
and rituximab have been successfully used in kidney
transplants with HLA donor-specific antibodies; and also
in systemic autoimmune diseases, such as lupus, with severe expression. The results from trials using new drugs
(abatacept, etanercept, teplizumab, rituximab) have failed
to prove long lived efficacy in native pancreas after DM1
onset[24]. However, intervention after clinical disease
(tertiary intervention) may be too late, since overt disease corresponds to extensive beta-cell destruction. The
most promising long-term results were achieved with
hematopoietic stem-cell transplantation, in patients pre-

DIAGNOSIS OF AUTOIMMUNE DIABETES
RECURRENCE ON PANCREAS GRAFTS
A pancreas graft biopsy showing an inflammatory T-cell
infiltrate, specifically targeting the beta-cells (aspect designated as “insulitis”) and sparing the exocrine tissue, remains the gold-standard for the diagnosis of DM1 recurrence[10]. However, it is not easy to justify such an invasive
procedure, carrying a non neglectable risk of complications, in patients without a misfunctioning pancreas graftor, at least, without reliable data favouring the hypothesis
of reactivated autoimmunity.
Serological markers of the autoimmune process, the
islet cell autoantibodies (ICA)[4] have been proposed as a
basic tool, the first screening test to identify the activity
of autoimmune disease. The anti-glutamic acid decarboxylase (anti-GAD antibodies)[11]; the anti-insulin antibodies (IAA)[12]; the anti-IA2 (anti-tyrosine phosphatase)
antibodies[13]; and the most recently described anti-ZnT8
(cation efflux zinc transporter) antibodies[14], have also
been identified as autoimmune markers of DM1. The
positivity for these immune humoral markers is considered a good predictor of the enhancement of autoimmune diabetes. The association of several markers (two
or more) increases its predictive value[15]. As yet, pancreas
biopsy is the confirmatory procedure when suspecting
for recurrence on pancreas graft.
There is some controversy about the real role of these
autoantibodies: do they have a direct participation in the
process? Or are they surrogate markers, merely testifying
the lesion? Although the pancreatic autoantibodies were
not detected in a recent case documented with insulitis in
the biopsy[16], they are usually present in the vast majority
of the cases confirmed by biopsy.
The new onset or rising levels of these autoantibodies
in pancreas transplant patients has been pointed out as
a serious indicator of recurrence and progression of the
disease. In fact, several studies reported worse pancreas
outcome in patients with these humoral markers[10,17-20].
It has been suggested that half of the immune losses of
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senting autoimmune markers, but before clinical diabetes
(secondary intervention)[24]. Another serious worry are
the important side effects of each drug. Toxicities and efficacy, if used in combination, remain to be assessed. We
have learned the benefits of the association of complimentary therapies from the oncology research, allowing
the use of smaller doses, with fewer side effects and with
gains in terms of efficacy. Could this be an efficient strategy in pancreas transplant patients with recurred autoimmune diabetes?

strengths the argument that decline in glycemic control
was not due to alloimmunity. In a former report from our
centre[26], analysing the glycemic profile in both groups
(positive and negative for pancreatic autoantibodies), the
difference did not (yet) reach statistical significance. In
fact, in this former study, a few number of patients with
positive antibodies showed normal-high fasting glucose
levels and the lowest C-peptide. Comparing results from
our former study to the more recent one, it probably
means that we are facing an evolutive process. The number of patients has almost doubled and the follow-up
period is now much longer, and we could now associate
pancreatic autoimmunity with less favourable glycemic
profile. It will be interesting to analyse data with a more
extended follow-up.

OUR OWN EXPERIENCE
We have designed a prospective monitoring protocol of
pancreatic autoantibodies after pancreas-kidney transplantation at our unit. Anti-GAD, IAA and ICA were
analysed before or on admission for transplantation, at 6
and 12 mo, and at least once a year thereafter. In a cohort
of 135 patients[25], 34.5% were positive for any of these
antibodies before surgery, anti-GAD being the most
prevalent (> 20%). Nearly half of these became negative
within months or years, but in some others (previously
negative) we verified a new appearance of anti-GAD antibodies. After a mean time of 6 years (ranging from 1 to
12 years), among the 78% of the patients with functioning pancreas, 44% are positive for at least one autoantibody. Anti-GAD remain the most common (31%). The
frequency of patients with IAA before transplantation
was surprisingly low, 3%, considering that patients under
exogenous insulin may present anti-insulin antibodies.
At our last follow-up the prevalence of IAA-positive is
three-fold higher and none of the patients was under
exogenous insulin. ICA, present in 10% of the patients
before transplantation, tended to disappear and there was
no new onset of these antibodies. Less than 3% maintain
ICA positive now. In 10% of the patients more than one
pancreatic autoantibody was present.
Pancreas graft survival was not significantly different
in the group of patients with some positive pancreatic
autoantibody, compared to the patients who were negative for these autoantibodies. The immunosuppression
used in the positive and in the negative patients did not
differ (tacrolimus and mycophenolic acid mostly used)
and the frequency of patients withdrawn from steroids
was also similar in both groups.
Positive patients for any pancreatic autoantibody
tended to have a higher HLA-match with the donor,
though not reaching statistical significance.
Concerning the glycemic control, our data are not
so tranquilizing. The group of patients with at least one
positive pancreatic autoantibody, compared to negative patients, was more likely to have higher HbA1c and
lower C-peptide levels and this difference was statistically
significant. And, more important, our results showed a
more than 5 times higher probability to find positive autoimmunity among the pancreas transplants with normalhigh HbA1c. Kidney graft function was similar in both
groups, with or without pancreatic antibodies, which
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CONCLUSION
In conclusion, we think it is advisable to routinely monitor pancreatic autoantibodies after transplantation. There
is substantial evidence that DM1 can reappear after pancreas transplantation, but may have been underdiagnosed
for the last decades[21,27], mainly because it is a forgotten
question. The awareness of the entity will certainly lead
the majority of pancreas transplant units to search for
the disease and to prospectively assess these antibodies. Pancreas graft biopsy remains the gold standard for
the diagnosis of DM1 recurrence but, as it is an invasive
procedure, it is not the ideal as a screening methodology,
without other clinical or analytical (metabolic or immunological) data. On the other hand, pancreas biopsy only
after impaired endocrine function is most of the times
too late. Antibody monitoring is a non-invasive basic
screening test, available in most units, and may bring the
necessary information to proceed to pancreas biopsy
before dysfunction. Islet autoantibodies are currently the
most robust biomarker of DM1[28].
Additionally, pancreatic autoantibodies assessment
may be of interest in other areas. The authors of a very
recent study[29] have also proposed the use of the GADautoantibody status before pancreas-kidney transplantation as a guide to choose the kind of prophylactic antibody induction.
Positivity for pancreatic autoantibodies after transplantation may never occur, or it may be intermittent or persistent, not always correlated with graft function, at least
in a short period of time. However, beta-cell destruction
was documented in other cases and autoantibody rising
may have preceded in several years the graft dysfunction,
has it been searched for. An early diagnosis gives the clinician more time for some kind of intervention.
Another critical point is the lack of effectiveness of
the treatments tried so far in DM1 patients. The recognition of the role of islet autoreactive CD4+ T cells[22,23]
and CD8+ T cells[27,30] on beta-cell destruction, as well
as all the targets of humoral activity[28], may lead to other
treatment opportunities. Novel therapies, namely targeting proinsulin-reactive CD8+ T cells, were recently pro-
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posed as a potential therapeutic approach[31].
In the meantime, we must improve our ability to make
an early diagnosis and to increase our knowledge about
all the processes of the disease. These may be some of
the missing steps to find the most advantageous strategy
to treat, or even to prevent, the autoimmune diabetes recurrence in pancreas grafts.
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Impact of steroid maintenance on the outcomes in firsttime deceased donor kidney transplant recipients: Analysis
by induction type
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For each induction type, adjusted overall and deathcensored graft as well as patient survivals were compared between patients discharged on steroid vs no
steroid. Among r-ATG induced patients, analysis was
repeated after splitting the group into low and high immune risk groups.
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RESULTS: Among the 37217 patients included in the
analysis, 17863 received r-ATG (steroid = 13001, nosteroid = 4862), 3028 alemtuzumab (steroid = 852,
no-steroid = 2176) and 16326 IL-2B (steroid = 15008,
no-steroid = 1318). Adjusted overall graft survival was
inferior (HR = 1.16, 95%CI: 1.06-1.27, P = 0.002)
with similar death-censored graft survival (HR = 0.99,
95%CI: 0.86-1.14, P = 0.86) for steroid vs no-steroid
groups in r-ATG induced patients. Both adjusted overall
and death-censored graft survivals for steroid vs nosteroid groups were similar in alemtuzumab (HR = 0.92,
95%CI: 0.73-1.15, P = 0.47 and HR = 0.87, 95%CI:
0.62-1.22, P = 0.43 respectively) and IL-2B (HR = 1.05,
95%CI: 0.91-1.21, P = 0.48 and HR = 0.94, 95%CI:
0.75-1.18, P = 0.60 respectively) induced groups. Adjusted patient survivals were inferior for steroid vs nosteroid groups in r-ATG induced (HR = 1.31, 95%CI:
1.15-1.49, P < 0.001) but similar in alemtuzumab (HR
= 1.02, 95%CI: 0.75-1.38, P = 0.92) and IL-2B (HR =
1.17, 95%CI: 0.97-1.40, P = 0.10) induced patients.
Among the r-ATG induced group there were 4346 patients in the low immune risk and 13517 patients in the
high immune risk group. Adjusted overall graft survivals were inferior for steroid vs no steroid groups in both
low immune (HR = 1.34, 95%CI: 1.09-1.64, P = 0.001)
and high immune (HR = 1.18, 95%CI: 1.07-1.30, P =
0.005) risk groups. Adjusted death-censored graft survivals for steroid vs no steroid groups were similar in
both low (HR = 1.06, 95%CI: 0.78-1.45, P = 0.70) and
high (HR = 1.04, 95%CI: 0.98-1.20, P = 0.60) immune
risk groups. Adjusted patient survivals were inferior for
steroid vs no steroid groups in both low immune (HR =

Abstract
AIM: To analyze the impact of steroid maintenance on
the outcomes in kidney transplant recipients stratified
by induction agent received.
METHODS: Patients who underwent first-time deceased donor kidney transplantation between 2000
and 2008 after receiving induction therapy with rabbitantithymocyte globulin (r-ATG), alemtuzumab or an
interleukin-2 receptor blocker (IL-2B) and discharged
on a calcineurin inhibitor (CNI)/mycophenolate mofetil
(MMF)-regimen along with or without steroids were
identified from the Organ Procurement and Transplant
Network/United Network of Organ Sharing database.
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1.54, 95%CI: 1.18-2.02, P < 0.001) and high immune
(HR = 1.32, 95%CI: 1.16-1.51, P = 0.002) risk groups.
Overall, there were significantly higher deaths from
infections and cardiovascular causes in patients maintained on steroids.

Canadian multicenter randomized clinical trial showed increased risk for acute rejection (AR) and graft loss associated with steroid withdrawal[2-4]. The availability of more
potent maintenance immunosuppressive agents such as
tacrolimus and mycophenolate mofetil (MMF) as well as
induction agents like rabbit-antithymocyte globulin (rATG) resulted in a resurgence of the interest in early
steroid withdrawal during the last decade. For instance,
a recent registry analysis showed that the percentage of
kidney transplant recipients discharged following the initial transplant admission on a steroid-free maintenance
immunosuppression increased from 3.7% in the year
2000 to 32.5% as of 2006[5].
Perioperative induction therapy was utilized in greater
than 70% of kidney transplant recipients in the United
States during the last decade [6]. Calcineurin inhibitor
(CNI)/MMF with or without steroid was the most
commonly employed maintenance immunosuppression
over the same time period. One could speculate that the
degree of immunosuppression rendered by triple immunosuppression following powerful induction might be
excessive in some patients with the possibility of adverse
outcomes. The risk-benefit evaluation of steroid maintenance in kidney transplant recipients who receive powerful induction with agents such as r-ATG and potent
maintenance immunosuppression with CNI/MMF would
be beneficial. We aimed to compare the outcomes for
steroid vs no steroid addition in patients who underwent a
first deceased donor kidney (DDK) transplantation after
receiving different induction agents and maintained on
CNI/MMF based regimen.

CONCLUSION: Our study showed an association between steroid addition to a CNI/MMF-maintenance regimen and increased death with functioning graft in patients receiving r-ATG induction for first-time deceased
donor kidney transplantation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Induction agent; Steroid maintenance;
Graft failure risk; Patient death risk; High immune risk
Core tip: This study critically looked at outcomes in a
large recent cohort of first time deceased donor kidney
transplant recipients from the Organ Procurement and
Transplant Network/United Network of Organ Sharing
database to assess the impact of triple maintenance immunosuppression after receiving various induction therapies. In multivariate analysis, we found an increased
risk for death with functioning graft when steroid maintenance was added to calcineurin inhibitor/mycophenolate mofetil based regimen in patients who received
powerful induction with rabbit-antithymocyte globulin
(r-ATG), an effect that persisted even when patients
were split into high and low immune risk groups. Based
on these finding we feel that, one has to be cautious
while maintaining intense immunosuppression by adding steroid to a calcineurin inhibitor/mycophenolate
mofetil regimen in kidney transplant recipients who
were selected for r-ATG induction.

MATERIALS AND METHODS
The study was performed in accordance with the ethical standards laid down by the Declaration of Helsinki
as well as Declaration of Istanbul and was approved by
the Institutional Review Board. Patients ≥ 18 years of
age who underwent a first-time DDK transplantation
between January 1, 2000 and December 31, 2008 after
receiving induction therapy with r-ATG, alemtuzumab
or an interleukin-2 receptor blocker (IL-2B) agent (basiliximab or daclizumab) and discharged on a CNI/MMF
based maintenance immunosuppression regimen with or
without steroids were identified from the Organ Procurement and Transplant Network/United Network of Organ Sharing database. A DDK transplant was considered
as a first transplant if there was no history of previous
kidney transplant for the patient in the database. For each
induction type, patients were divided into two groups:
those who underwent early steroid withdrawal before the
hospital discharge categorized as early steroid withdrawal
(ESW) group and those who were discharged on steroid
maintenance. The latter group was designated as chronic
steroid maintenance (CSM) group. This is an intention to
treat analysis using the maintenance immunosuppression
regimen at the time of discharge from the initial transplant hospitalization as the basis for defining the groups.
Changes in maintenance immunosuppression that oc-

Sureshkumar KK, Hussain SM, Thai NL, Ko TY, Nashar K, Marcus RJ. Impact of steroid maintenance on the outcomes in firsttime deceased donor kidney transplant recipients: Analysis by induction type. World J Transplant 2014; 4(3): 188-195 Available
from: URL: http://www.wjgnet.com/2220-3230/full/v4/i3/188.
htm DOI: http://dx.doi.org/10.5500/wjt.v4.i3.188

INTRODUCTION
Corticosteroid has been an integral part of maintenance
immunosuppression from the dawn of clinical kidney
transplantation. Chronic steroid use can contribute to
worsening of hypertension as well as dyslipidemia, and
development of new onset diabetes mellitus, all risk factors for cardiovascular (CV) disease. Steroid therapy can
also increase susceptibility to infections and accelerates
bone loss. In one survey, when kidney transplant recipients were asked which drug they would like to discontinue, majority chose prednisone[1]. Attempts to develop
steroid- free immunosuppression for kidney transplant
recipients started nearly three decades ago but the enthusiasm waned when results of studies including the
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Figure 1 Trends in the use of induction agents. A: Steroid free group; B: Steroid-maintenance group; r-ATG: Rabbit antithymocyte globulin; IL-2B: Interleukin-2
receptor blocker.

curred after initial discharge were not used to classify
study subjects. Patients were excluded from the analysis
if they underwent live donor kidney or multi-organ transplants or received no induction, more than one induction
or a different induction agent.
Demographic data for patients who received different
induction agents were collected. Graft was considered
failed when one of the following occurred: need for
maintenance dialysis, re-transplantation or patient death.
Over all and death-censored graft as well as patient survivals were compared between ESW and CSM groups
for each induction type after adjusting for pre-specified
variables. An adjusted model was used in the analysis to
account for substantial variations in the demographic
features for ESW vs CSM in each induction type. Covariates that can adversely impact graft outcome included
in the model were donor related factors: age, gender,
expanded criteria donor (ECD) kidney, donation after
cardiac death (DCD) kidney, death from cerebrovascular accident(CVA); recipient related factors: age, African
American race, diabetes mellitus, dialysis duration, peak
panel reactive antibody (PRA) titer, number of human
leukocyte antigen (HLA) mismatches; and transplant
related factors: cold ischemia time (CIT), delayed graft
function (DGF, defined as the need for dialysis within the
first week after transplantation), 12 mo AR, and transplant year. The type of CNI agent used was not included
in the model since most patients were discharged on
tacrolimus. A further analysis was performed to compare
the overall and death-censored graft as well as patient
survivals between ESW and CSM groups for the r-ATG
induced patients by splitting them into high and low immune risk groups. Patients were considered high immune
risk if they met any of the following: African American
recipient, peak PRA > 20%, CIT > 24 h, ECD kidney
recipient, DCD kidney recipient, or developed DGF.

factors were considered absent when data for them were
missing. About 20%-25% of the data were missing for
the variable “treated acute rejection” but for the remainder of the variables used in the analysis, only fewer than
2% of the data were missing. Adjusted (multivariate, after
correcting for the confounding variables listed above)
over all and death-censored graft as well as patient survivals were calculated and were compared between CSM
vs ESW groups within each induction type using a Cox
regression model. This was done for the whole group, as
well as high and low immune risk groups (defined above)
among the r-ATG induced patients. HR and 95%CI were
calculated. A P-value of < 0.05 was considered statistically significant. Statistical analysis was performed using
SPSS software version 14.

RESULTS
Demographic characteristics
Median follow-up in months with range by induction
type were as follows: r-ATG: 35.3 (21.8-55.1), alemtuzumab: 25.0 (13.3-46.0) and IL-2B agent: 46.4 (23.8-72.4).
Pattern of induction therapy over the study period are
shown in Figure 1. Alemtuzumab was used as an induction agent for the first time in 2003. Since then its use
has gradually increased in ESW group but somewhat unchanged in CSM group. IL-2B induction was decreasingly
utilized from 2000 to 2008 which was more marked in
the ESW group. In the year 2008, roughly 50% patients
received induction with r-ATG, 40% with alemtuzumab
and 10% with an IL-2B agent in the ESW group. During
the same year, about 55% of patients received r-ATG, 5%
received alemtuzumab and 40% an IL-2B agent induction
in the CSM group.
There were 37217 patients who received a first DDK
transplant during the study period of January 2000 to
December 2008 after receiving induction with r-ATG,
alemtuzumab or an IL-2B agent followed by maintenance with CNI/MMF based regimen. Out of this, 8356
(22.5%) patients underwent early steroid withdrawal and
28861 (77.5%) patients were discharged on maintenance
steroid. Distribution of patients by induction type and

Statistical analysis
Group comparisons were done utilizing 2-tailed t-test for
continuous variables and χ 2 test for categorical variables.
Mean ± SD, median with range or percentage was used
to express values. For the purpose of analysis, the risk
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Table 1 Demographic features

Donor age (yr)
Donor gender (M/F) (%)
Donor death from CVA (%)
ECD kidney (%)
DCD kidney (%)
Recipient age (yr)
Recipient gender (M/F) (%)
African American race (%)
Diabetes (%)
Pre-txp dialysis (%)
Dialysis duration (mo)
Peak PRA (%)
HLA mismatches
Cold ischemia (h)
Delayed graft function (%)
Discharged on tacrolimus (%)

r-ATG
Steroid
No steroid
(n = 13001)
(n = 4862)
39 ± 17
39 ± 17
59/41
60/40
43
40b
19
19
9.8
8.9
52 ± 13
53 ± 13d
57/53
63/37d
37
26d
34
20d
91
88b
48 ± 35
43 ± 36d
18 ± 31
10 ± 22d
3.9 ± 1.8
3.8 ± 1.8a
18.3 ± 8.2
18.5 ± 8.8
28.9
19.5d
81
79b

Alemtuzumab
Steroid
No steroid
(n = 852)
(n = 2176)
41 ± 18
40 ± 17
61/39
58/42
41
43
26
22b
14.1
10.9a
52 ± 13
53 ± 12
56/44
60/40a
33
33
31
38b
88
88
47 ± 37
50 ± 34
19 ± 31
14 ± 27d
3.9 ± 1.8
3.7 ± 1.7b
20.8 ± 8.7
20.5 ± 9.2
29.1
21.2d
70
98d

IL-2 receptor blocker
Steroid
No steroid
(n = 15008)
(n = 1318)
37 ± 17
37 ± 17
60/40
60/40
40
36b
15
16
5.3
6.7a
52 ± 13
54 ± 15d
63/37
64/36
26
20d
34
34
91
87d
43 ± 33
41 ± 32
9 ± 22
8 ± 20
3.6 ± 1.9
3.5 ± 2.0
17.8 ± 7.9
17.4 ± 8.5
20.2
16.5
67
78d

a

P < 0.05; bP < 0.01; dP < 0.001, all comparisons are steroid vs no steroid groups. CVA: Cerebro vascular accident; DCD: Donation after cardiac death; ECD:
Expanded criteria donor; HLA: Human leukocyte antigen; PRA: Panel reactive antibody; r-ATG: Rabbit antithymocyte globulin; IL-2: Interleukin-2; M:
Male; F: Female.

(HR = 0.94, 95%CI: 0.75-1.18, P = 0.60) graft survivals
were similar for CSM vs ESW groups in IL-2B induced
patients.
A further analysis was performed by splitting the
r-ATG induced patients into low and high immune risk
groups as explained in the methods section. There were
4346 patients in the low immune risk and 13517 patients
in the high immune risk group. Adjusted overall and
death-censored graft survivals for low and high immune
risk groups are shown in Figure 3. Adjusted overall graft
survivals were inferior for CSM vs ESW groups in both
low immune (HR = 1.34, 95%CI: 1.09-1.64, P = 0.001)
and high immune (HR = 1.18, 95%CI: 1.07-1.30, P =
0.005) risk patients. Adjusted death-censored graft survivals for CSM vs ESW groups were similar in both low (HR
= 1.06, 95%CI: 0.78-1.45, P = 0.70) and high (HR = 1.04,
95%CI: 0.98-1.20, P = 0.60) immune risk groups.

stratified by steroid use are shown in Table 1. Among
all patients, 17863 (48%) received induction with r-ATG
(steroid = 13001, no steroid = 4862), 3028 (8%) received
alemtuzumab (steroid = 852, no steroid = 2176) and
16326 (44%) an IL-2B agent (steroid = 15008, no steroid
= 1318). Among the r-ATG induced patients, there was a
higher prevalence of females, African Americans, diabetics, tacrolimus use, pre-transplant dialysis requirement
and duration, elevated PRA titer, donor death from CVA
and development of DGF in CSM group. Recipient age
was higher in ESW group. Among patients who received
alemtuzumab, there was higher prevalence ECD/DCD
kidney use, female gender, high peak PRA, HLA mismatch and DGF in the CSM group whereas recipient diabetes and tacrolimus use was higher in the ESW group.
Among IL-2B induced patients, there was a higher prevalence of African Americans, dialysis requirement and duration, donor death from CVA and DGF development in
CSM group while ESW group had higher recipient age,
DCD kidney and tacrolimus use.

Impact of steroid maintenance on patient survival by
induction type
Adjusted patient survivals for CSM vs ESW for the three
different induction agents are shown in Figure 2. Patient
survivals were inferior for CSM vs ESW groups in r-ATG
induced (HR = 1.31, 95%CI: 1.15-1.49, P < 0.001) but
similar in alemtuzumab (HR = 1.02, 95%CI: 0.75-1.38,
P = 0.92) and IL-2B (HR = 1.17, 95%CI: 0.97-1.40, P =
0.10) induced patients. In r-ATG induced patients, adjusted patient survivals were inferior for CSM vs ESW groups
in both low immune (HR = 1.54, 95%CI: 1.18-2.02, P <
0.001) and high immune (HR = 1.32, 95%CI: 1.16-1.51,
P = 0.002) risk groups (Figure 3). We further analyzed
the causes of recipient death for CSM vs ESW groups in
r-ATG induced patients (Table 2). There were significantly higher deaths from infections and CV causes in CSM
groups.

Impact of steroid use on graft survival by induction type
Adjusted overall and death censored graft survivals for
CSM vs ESW groups for the three induction agents are
shown in Figure 2. The adjusted overall graft survival
was significantly inferior for CSM vs ESW groups in
patients who underwent induction with r-ATG (HR =
1.16, 95%CI: 1.06-1.27, P = 0.002). However, adjusted
death-censored graft survivals were similar between the
groups. In alemtuzumab induced patients, there were
no significant differences in both adjusted overall (HR
= 0.92, 95%CI: 0.73-1.15, P = 0.47) and death-censored
(HR = 0.87, 95%CI: 0.62-1.22, P = 0.43) graft survivals
for CSM vs ESW groups. Similarly, adjusted overall (HR
= 1.05, 95%CI: 0.91-1.21, P = 0.48) and death-censored
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Figure 2 Adjusted over-all graft (A, B and C), death-censored graft (D, E and F) and patient (G, H and I) survivals for early steroid withdrawal vs chronic
steroid maintenance groups. A: Adjusted over-all graft rabbit antithymocyte globulin (r-ATG); B: Adjusted over-all graft alemtuzumab; C: Adjusted over-all graft interleukin-2 receptor blocker (IL-2B); D: Death-censored graft r-ATG; E: Death-censored graft alemtuzumab; F: Death-censored graft IL-2B; G: Patient r-ATG; H: Patient
alemtuzumab; I: Patient IL-2B.

survival for steroid vs no-steroid maintenance in these
patients suggests increased death with functioning graft
in the steroid maintenance group. There were increased
patient deaths from CV and infectious causes for steroid
vs no-steroid groups.
Current data suggest that corticosteroids could be
discontinued safely during the first week after transplantation in patients who are at low immunological risk
and receive induction therapy[7]. Studies of early steroid
withdrawal have shown outcomes comparable to steroid
maintenance regimens[8-14]. Seven year results from a large
prospective study performed within the frame work of
the Collaborative Transplant Study involving predominantly Caucasian kidney transplant recipients showed a
benefit for steroid withdrawal in terms of graft, patient
and death-censored graft survival[15]. A five year prospective trial demonstrated similar graft survival and function
as well as patient survival in kidney transplant recipients

Table 2 Cause of death in rabbit antithymocyte globulin in
duced patients
Cause of death

CSM group

ESW group

n = 13001 (%)

n = 4862 (%)

Cardiovascular
Infections
Malignancy
Other causes

410 (3.2)
313 (2.4)
148 (1.1)
916 (7)

97 (2.0)
42 (0.9)
55 (1.1)
206 (4.2)

P -value
< 0.0001
< 0.0001
0.97
< 0.0001

CSM: Chronic steroid maintenance; ESW: Early steroid withdrawal.

DISCUSSION
Our study showed an association between increased
overall graft failure as well as patient death risks and steroid addition to a CNI/MMF maintenance regimen in
patients undergoing a first DDK transplantation following induction with r-ATG. Similar death-censored graft
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Figure 3 Adjusted over-all graft (A and B), death-censored graft (C and D) and patient (E and F) survivals in rabbit antithymocyte globulin induced patients. A:
Adjusted over-all graft low-risk; B: Adjusted over-all graft high-risk; C: Death-censored graft low-risk; D: Death-censored graft high-risk; E: Patient low-risk; F: Patient
high-risk.

randomized to ESW vs CSM following induction with
either r-ATG or IL-2B and tacrolimus/MMF maintenance[16]. There was increased incidence of mild biopsy
proven AR in ESW group but favorable effects on CV
risk factors including serum triglyceride levels, new onset
diabetes after transplantation (NODAT) requiring insulin
and weight gain. A meta-analysis involving 34 studies and
5637 patients showed a small increase in AR rates in steroid avoidance/withdrawal group, without any measurable adverse effect on graft or patient survival, while enjoying significant benefits in terms of CV risk factors[17].
A large single center retrospective analysis involving 1241
primary living and DDK transplant recipients showed
similar patient, graft, death-censored graft, and AR free
survival rates at 10 years for rapid steroid discontinuation
group compared to historic controls on maintenance steroids[18]. All patients received induction with r-ATG and
maintenance therapy consisting of a CNI agent along
with either MMF or sirolimus. In the subgroup of patients who received DDK transplants, patient, graft and
death-censored graft survivals were significantly higher
in the ESW group. There were significant reductions in
the incidences of NODAT, cataracts and avascular necrosis in rapid steroid discontinuation group. This study
compared prednisone related side effects to historic
control group maintained on relatively higher doses of
prednisone (0.1-0.15 mg/kg). Our study showed superior
patient and overall graft but not death-censored graft
survival in the ESW groups indicating that the beneficial
effects appear to be related to lower rate of death with
functioning graft in ESW group.
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The polyclonal antibody r-ATG is a powerful depleting induction agent commonly used in kidney transplant
recipients. r-ATG contains antibodies to several human
T-cell surface antigens including major histocompatibility
antigens and causes apoptosis and cell lysis. r-ATG causes
severe lymphocyte depletion with prolonged immunosuppressive effect with the drug detectable in blood at 90
d after initiation of therapy[19]. Our study showed inferior
adjusted overall graft and patient survival in kidney transplant recipients continued on steroid maintenance after
r-ATG induction when compared to patients in whom
steroid was discontinued on hospital discharge. One
could speculate that inferior outcomes in the CSM group
could possibly be related to the enhanced immunosuppression related to the steroid containing triple immunosuppression following powerful induction with r-ATG.
Similar death-censored graft survival between CSM and
ESW groups along with the finding of significantly higher deaths from infectious and CV causes in CSM group
is in support of this speculation. A highly significant association between maintenance steroid dose and death
with functioning graft caused by CV disease or infection
beyond the first year following DDK transplantation was
reported recently in a study involving close to 42000 patients[20]. Such an association was observed with neither
tacrolimus nor mycophenolic acid in that study. Adverse
metabolic profile in patients on steroid therapy as shown
in previous studies mentioned before could be contributing to CV complications and enhanced immunosuppression to infectious complications. These findings persisted
when r-ATG induced patients in our study were split into
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high and low immune risk groups indicating that any potential benefits of steroid maintenance in terms of reducing immunological allograft injury even in high immune
risk subgroup appear to be overshadowed by CV and
infectious complications. These adverse outcomes associated with CSM after r-ATG induction was not seen in
patients who were maintained on steroid following induction with IL-2B agent or alemtuzumab. IL-2B is a nondepleting monoclonal antibody with lesser degrees of
immunosuppression. Alemtuzumab is a depleting monoclonal antibody typically administered as a single dose
intra-operatively and can cause prolonged lymphopenia.
It is not clear why inferior outcomes seen with CSM vs
ESW following r-ATG induction was not observed with
alemtuzumab. Alemtuzumab induced patients generally
tolerate only lower doses of antiproliferative agent and
many of them could have been taken off MMF completely due to low white blood cell counts[21]. This may
decrease the degree of immunosuppression despite being on steroid maintenance. It should be noted that there
were only 852 patients in the alemtuzumab group who
were discharged on steroid maintenance thus limiting
power of the comparison. A previous registry analysis
showed superior outcomes with r-ATG induction when
compared to induction with either alemtuzumab or IL2B in DDK transplant recipients discharged on a steroidfree CNI/MMF regimen[21].
Large number of patients in a national cohort including several transplant centers and inclusion of high
immune risk patients adds to the validity of the current
analysis. One could argue that r-ATG induction and steroid maintenance is generally used in high risk patients
with expectedly poor outcomes. Classification of r-ATG
induced patients into high and low immune risk groups
and the finding of inferior outcomes associated with
CSM in both groups tend to mollify this criticism. Our
findings are consistent with a previous registry analysis
by Luan et al[5] which showed improved graft and patient
survivals at years 1 and 4 post transplantation for patients in whom steroid was discontinued on discharge.
That study evaluated both living and DDK transplant
recipients and included first and subsequent transplants.
We believe our findings are important since r-ATG is a
commonly used induction agent and majority of the kidney transplant recipients are discharged on maintenance
steroids. For instance, in the current analysis, 48% of patients received r-ATG out of which 73% were discharged
on a steroid maintenance regimen. About 35% of all the
study population received r-ATG induction followed by
steroid maintenance.
Our study is not without limitations. Retrospective
design can confirm association but cannot prove causation. Residual confounding likely exists despite utilizing
an adjusted model and lack of granularity on some important details in the registry could likely have an effect
on the outcomes tested. Center-specific differences in
practice patterns lead to selection bias regarding different induction agents and steroid maintenance. Some
early steroid withdrawal protocols discontinue steroids at

WJT|www.wjgnet.com

seven days post-transplant and some others at day five.
Discharging these patients from the hospital before the
steroid withdrawal is complete would wrongly categorize
them as being on steroids. Details on the doses of induction and maintenance immunosuppressive agents were
not available which may have impact on the outcomes.
Information on daily or cumulative doses of steroids
used would be very helpful while analyzing the negative
effects of steroids over long periods of time but unfortunately as mentioned dosing information was not available
in the database. Data regarding changes in maintenance
immunosuppressive regimen since initial hospital discharge were not available. This could be important since
as many as 30% of patients initially discharged on no
steroids may have been restarted on CSM mostly after rejection episodes. But this should in fact have diminished
the strength of observed associations. Some patients initially discharged on steroid containing regimen may have
undergone later steroid withdrawal since some transplant
centers withdraw steroids late after transplantation.
Despite these misclassifications, there is likely minimal
impact on the results because of the non-differential
influence of misclassification which tend to deflate the
results toward the null[22]. The possibility of a type 1 error
cannot be completely excluded.
In summary, our study showed an association of
adverse outcomes with steroid addition to a CNI/MMF
maintenance regimen in patients who received r-ATG
induction for a first DDK transplantation. One has to
be cautious while maintaining intense immunosuppression by adding steroid to a CNI/MMF regimen in kidney
transplant recipients who were selected for r-ATG induction. Since r-ATG is a commonly used induction agent
and majority of patients are maintained on steroid, this
important observation needs to be further evaluated in
future studies.
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Intra-articular transplantation of porcine adipose-derived
stem cells for the treatment of canine osteoarthritis: A pilot
study
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patient was then discharged to the owner and, at 2, 6,
and 12 wk, followed up with orthopedic assessment,
owner questionnaire, X-ray imaging, and force-plate
gait analysis.
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RESULTS: Porcine ADSCs expressed mesenchymal
stem cell markers CD90 and CD105. Injection of porcine ADSCs into canine stifle joints did not cause any
inflammatory or allergic reactions. Orthopedic evaluation found improvements in two dogs, particularly at
the longest time point. Owners’ evaluation found increased capacity and decreased pain in all three dogs’
activities such as walking and running. Radiographic
evaluation did not find statistically significant differences before and after treatment. Force-plate analysis
found significant improvements in all three dogs after
treatment.
CONCLUSION: Xenotransplantation of ADSCs for the
treatment of OA is feasible. Further studies are needed
to validate this novel treatment modality, which can
then be implemented for the routine treatment of OA in
veterinary medicine.

Abstract
AIM: To test whether intra-articular injection of porcine
adipose-derived stem cells (ADSCs) can treat canine
osteoarthritis (OA).

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Canine osteoarthritis; Adipose-derived stem
cells; Intra-articular transplantation; Intra-articular injection; Veterinary clinical study

METHODS: To enroll in this study dogs must have
stifle joint OA that had lasted ≥ 3 mo and been treated
with OA medication without significant improvement.
Three dogs fulfilled these criteria and were thus subjects for ADSCs treatment. ADSCs were isolated from
abdominal adipose tissue of a 2-mo-old female Yorkshire pig. Their stem cell marker expression was examined by immunofluorescence staining. For treatment, 5
million ADSCs were injected into the diseased joint of
each dog. In the next 48 h, the patient was observed
for signs of inflammatory and allergic reactions. The
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Core tip: Intra-articular injection of autologous adiposederived stem cells (ADSCs) has been shown to be effective in treating osteoarthritis in dogs. However, most
veterinary clinics lack the equipment and expertise for
ADSC isolation. The present study showed that intraarticular injection of porcine ADSCs into the diseased
stifle joint of three dogs improved their mobility and activity and lessened their pain. The injection of porcine
ADSCs elicited no signs of inflammation or immunologi-
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potential has been demonstrated in numerous preclinical and clinical studies[9-11]. Due to their abundant tissue
source, low donor site morbidity, and ease of isolation,
ADSCs have become increasingly the preferred MSCs for
therapeutic application[9]. In veterinary medicine, there
have been numerous claims in the mainstream media and
in the Internet about ADSC’s “miraculous” therapeutic
efficacy. In the scientific literature, there have been four
studies that used ADSCs to treat canine OA[12-15], and the
results all indicated ADSC’s efficacy in ameliorating OA
symptoms.
The isolation of ADSCs from patients requires certain equipment, reagents, and expertise that are lacking
in most veterinary clinics. As such, clinical application of
autologous ADSCs in veterinary medicine is currently a
costly and time-consuming process. On the other hand,
if the therapeutic ADSCs can be obtained in a readyfor-injection form, their clinical applicability will increase
substantially. To this end, it has been shown that ADSCs
possess immunosuppressive capability and can be xenogeneically transplanted in immunocompetent recipients
without the use of immunosuppressants[16]. Therefore,
we hypothesized that ADSCs can be applied in a xenogeneic fashion, thereby eliminating the veterinarian’s burden
to perform adipose tissue harvest and ADSC isolation. In
the present study we show that porcine ADSCs can effectively treat canine OA.

cal reaction. Thus, porcine ADSCs can substitute for autologous canine ADSCs, and such a treatment strategy
can drastically reduce treatment cost.
Tsai SY, Huang YC, Chueh LL, Yeh LS, Lin CS. Intra-articular
transplantation of porcine adipose-derived stem cells for the
treatment of canine osteoarthritis: A pilot study. World J Transplant 2014; 4(3): 196-205 Available from: URL: http://www.
wjgnet.com/2220-3230/full/v4/i3/196.htm DOI: http://dx.doi.
org/10.5500/wjt.v4.i3.196

INTRODUCTION
Osteoarthritis (OA), also known as degenerative joint disease, is the most common cause of chronic pain in companion animals and afflicts more than 10 million dogs in
the United States[1]. Current treatments, which commonly
involve behavior modification and use of non-steroidal
anti-inflammatory drugs (NSAIDs), are non-curative and
are rather aimed at alleviating discomfort, decelerating
tissue damage, and/or improving joint functionality[2].
However, chronic use of NSAIDs is associated with
gastric ulceration/perforation and renal and hepatic damages[2]. As such, alternative treatment modalities without
these adverse side effects are highly desirable.
Pathologically OA is characterized by the progressive
degradation of articular cartilage, subchondral bone remodeling, and synovial inflammation[3,4]. While the exact
cause of these pathological changes remains unknown, it
is believed to involve the overproduction of pro-inflammatory cytokines (e.g., interleukin-1β), tissue-destructive
proteinases (e.g., MMP-13), and catabolic mediators (e.g.,
nitric oxide) from chondrocytes and synovial cells[3,4]. As
such, current pharmaceutical development for OA treatment largely aimed at preventing the production or action
of these harmful molecules[3,4].
Mesenchymal stem/stromal cells (MSCs), first identified in bone marrow, are now found in virtually all tissues[5]. They are classified as multipotent, that is, able to
differentiate into several cell lineages such as osteocytes,
chondrocytes, adipocytes, and myocytes. This multipotency was originally the scientific basis for using MSCs
as therapeutic agents for a wide variety of diseases, but
decade-long research has resulted in a shift of emphasis from differentiation to paracrine actions as the main
mechanism for MSC’s therapeutic efficacy[6]. Specifically,
when transplanted into diseased tissues, MSCs communicate with local cells through secretion of a wide array of
cytokines and growth factors[7]. They can also promote
the migration of endogenous repairing cells to injury
sites and suppress immunoreactions[7]. Together, these
actions help restore physiological balance and enhance
healing. In veterinary medicine, MSCs have been used to
treat not only OA but also tendon injury, bone fracture,
spinal cord injury, and liver disease[8].
Adipose-derived stem/stromal cells (ADSCs) are
MSCs isolated from adipose tissue, and their therapeutic
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MATERIALS AND METHODS
Stem cell preparation
ADSCs were isolated as described previously[17] from the
abdominal fat of a 2-mo-old female Yorkshire pig. Briefly, the adipose tissue was rinsed with phosphate-buffered
saline (PBS) containing 1% penicillin and streptomycin,
minced into small pieces, and then incubated in a solution containing 0.075% collagenase type ⅠA (SigmaAldrich, St. Louis, MO, United States) for 1 h at 37 ℃
with vigorous shake. The top lipid layer was removed and
the remaining liquid portion was centrifuged at 220 g for
10 min at room temperature. The pellet was treated with
160 mmol/L NH4Cl for 10 min to lyse red blood cells.
The remaining cells were suspended in Dulbecco’s Modified Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), filtered through a 40-μm cell
strainer (BD Biosciences, Bedford, MA, United States),
and plated at a density of 1 × 106 cells in a 10-cm dish.
After reaching 80% confluence, the cells were harvested,
aliquoted, and stored in liquid nitrogen at a density of 5
× 105 cells per mL of freezing media (DMEM, 20% FBS,
and 10% DMSO) per vial. One week prior to the scheduled stem cell (SC) injection, the frozen cells were thawed
and cultured until the necessary cell number for intraarticular injection was reached.
Immunofluorescence staining
ADSCs (1 × 105 cells/well) were seeded on coverslips
and placed in 6-well plates with 3 mL/well of DMEM
and 10% FBS. After 24 h of incubation, the cells were
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other systemic diseases or non-orthopedic disorders (such
as neurological diseases) that could affect gait and thus
led to misdiagnosis.
To avoid the effects of OA medications on SC treatment evaluation, patients were required to stop taking
steroids and non-steroidal analgesics for 3 and 2 wk, respectively, prior to SC injection. Use of these medications
was also prohibited during the treatment and follow-up
periods (3 mo total). In addition, patients were required
to maintain stable body weight, as fluctuation in body
weight might affect SC treatment evaluation.
Prior to SC injection, the owner of each patient dog
was informed of the potential benefits and risks of this
treatment. The owner was then required to sign a consent form, agreeing to closely observe the patient during
the entire treatment and follow-up periods, to report any
unusual behavior or symptom, and to return to the clinic
for checkup at specified times.

Figure 1 Gait analysis platform. The platform was a 10 m × 1.22 m × 0.19
m wooden walkway and in the middle of which embedded a pressure sensor. During the analysis the dog was leash-walked by its owner from one end
toward the other end of the walkway. The walking speed was recorded by two
sets of photoelectric cells. The walk was repeated until three valid speeds were
recorded for each leg.

Treatment
Anesthesia was induced by iv injection of propofol (4
mg/kg) and maintained by isoflurane inhalation. Physiological monitoring included heart rate, electrocardiography, blood oxygen, blood pressure, and respiration.
After shaving and disinfection of the stifle joint area, the
anesthetized dog was placed on its side with the affected
limb facing up. A 1-inch-long 24G needle attached to a
syringe was inserted through the joint capsule lateral to
the patellar ligament and toward the femoral condyle. A
small amount of synovial fluid was withdrawn for analysis to rule out non-OA inflammation or autoimmune
disease. Stem cells (5 million in 1 mL of PBS) were then
injected via the same needle. The patient was allowed to
wake up from anesthesia and further observed for approximately 45 min before being discharged with 3 d of
cephalexin (20 mg/kg orally). Phone calls were made to
the owner 6, 24, and 48 h later to inquire about any adverse reactions.

fixed in cold methanol for 5 min at 4 ℃, permeabilized
with 0.05% Triton X-100 for 5 min, and blocked with 5%
normal equine serum in PBS for 1 h at room temperature. The cells were then incubated with a primary antibody for 1 h at room temperature. After washing with
PBS three times, the cells were incubated with FITCconjugated secondary antibody for 1 h at room temperature. After three washes with PBS, the cells were further
stained with 4-, 6-diamidino-2-phenylindole (DAPI, for
nuclear staining) for 5 min. The stained cells were examined with Nikon Eclipse E600 fluorescence microscope
and photographed with Retiga 1300 Q-imaging camera
using the ACT-1 software (Nikon Instruments Inc.,
Melville, NY). Primary antibodies were against CD34
(sc7324), CD105 (sc18838), calponin (ab46794), SSEA-1
(ab16285), Oct4 (ab19857), and CD90 (ab225). Antibodies with “sc” and “ab” catalog numbers were purchased
from Santa Cruz Biotech (Santa Cruz, CA, United
States) and Abcam Inc. (Cambridge, MA, United States),
respectively.

Evaluation
Treatment efficacy was evaluated at 2, 6, and 12 wk by
orthopedic assessment, owner questionnaire, X-ray imaging, and force-plate gait analysis. Orthopedic assessment
was conducted according to McCarthy et al[18] and used a
scoring system shown in Table 1. Owner’s questionnaire
and radiographic assessment were conducted according to
Moreau et al[19] and used scoring systems shown in Table 2.
Force-plate analysis was conducted according to Moreau et
al[19]. In this study the force plate was a 10 m × 1.2 m × 0.19
m wooden walkway and in the middle of which embedded a pressure sensor (model OR6-7-1000, Advanced Mechanical Technology, Inc. Watertown, MA, United States)
(Figure 1). During each analysis the dog was leash-walked
by its owner from one end toward the other end of the
walkway. The walking speed (between 1.9 and 2.2 m/s)
was recorded by two sets of photoelectric cells, and a difference of < 0.2 m/s between the two recorded speeds
was considered a valid speed. The walk was repeated until
three valid speeds were recorded for each leg. During each

Patients
To enroll in this study the dogs must have chronic and
stable OA of the stifle joints as defined by exhibition of
the following symptoms: chronic lameness, exercise intolerance, difficulty getting up after a prolonged rest, and
pain in the diseased limb when maneuvered. In addition,
the disease must have lasted 3 mo or longer and been
treated with OA medication without significant improvement. A total of three dogs fulfilled these criteria and
thus enrolled in this study.
To exclude the involvement of systemic diseases, patients underwent physical examination and hematologic
evaluation, including blood cell count, serum albumin, total protein, glucose, liver index, and kidney index. To affirm OA in the stifle joint, X-ray imaging was conducted
to identify osteophyte formation and subchondral bone
sclerosis/remodeling. Exclusion criteria included history
of surgery, autoimmune or inflammatory arthritis, and
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in this study. Their characteristics are listed in Table 3.

Table 1 Clinical scoring system for evaluation of canine
osteoarthritis
Criterion

Clinical evaluation

Score

Lameness

Walks normally
Slightly lame when walking
Moderately lame when walking
Severely lame when walking
Reluctant to rise and will not walk more
than five paces
Full range of motion
Mild limitation (10%-20%) in range of
motion; no crepitus
Mild limitation (10%-20%) in range of
motion; with crepitus
Moderate limitation (20%-50%) in range of
motion; with crepitus
Severe limitation (> 50%) in range of
motion; with crepitus
None
Mild signs: dog turns head in recognition
Moderate signs: dog pulls limb away
Severe signs: dog vocalizes or becomes
aggressive
Dog will not allow palpation
Equal on all limbs standing and walking
Normal standing; favors affected limb
when walking
Partial weight-bearing standing and
walking
Partial weight-bearing standing; nonweight-bearing walking
Non-weight-bearing standing and walking
Not affected
Mildly affected
Moderately affected
Severely affected
Very severely affected

1
2
3
4
5

Joint mobility

Pain on palpation

Weight-bearing

Overall score of
clinical condition

Synovial fluid analysis
Synovial fluid analysis (Table 4) indicated that the three
canine patients’ ailing stifle joints were not due to nonOA inflammation or autoimmune disease.
Orthopedic assessment
On a scale of 1 to 5, with 1 being the best, the patient’s
OA symptoms such as lameness, joint mobility, pain on
palpation, and weight bearing, were evaluated. The results
presented in Figure 3 indicate an overall improvement.

1
2
3

Owner’s assessment
At 6, 24, and 48 h after SC injection, the owners were
contacted by phone. At 6 h, all three owners reported
more pronounced lameness than before SC injection.
However, at 24 and 48 h, all three owners reported having returned to at least the pre-treatment level of weight
bearing. The owners also reported no sign of inflammation on the treated joint, nor any sign of allergic reaction.
For long-term follow-up, the owners were asked to
evaluate their pets’ ability to perform activities (e.g., walking, running, and jumping) and degree of discomfort.
The scoring was on based on scales of 1 to 5 and 1 to 4 (1
being the best) for activity and discomfort, respectively.
The results presented in Figure 3 indicate an overall improvement.

4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Radiographic assessment
X-ray images of the diseased stifle joint of each dog
were evaluated by one radiologist and four surgeons. The
scores of these 5 independent evaluations were averaged
and presented in Figure 4. Overall, there was no significant difference before and after treatment.

walk the values of peak vertical force (PVF) and vertical
impulse (VI) were obtained. PVF, normalized for body
weight, is expressed as N kg- in percentile. VI, normalized
for time and body weight, is expressed as Nskg-. Values
obtained in the three trials (walks with valid speed) were
averaged for statistical analysis.

Force-plate analysis
As shown in Figure 5 and Table 5, both PVF and VI values were significantly higher (better joint function) at all
three time points after SC injection when compared to
before injection. Furthermore, in cases 2 and 3, the highest values occurred at the 12th week.

Statistical analysis
Data was analyzed with SPSS Statistics (SPSS Inc., Chicago, IL, United States of America), using one-way ANOVA
followed by Tukey-Kramer post hoc comparison. Statistical significance was set at P < 0.05.

DISCUSSION
Several studies have demonstrated the efficacy of intraarticular MSC injection for the treatment of OA[7,21]. In
veterinary medicine there have been four such studies
using ADSCs to treat canine OA. First, Black et al[13]
conducted a randomized, double-blinded, and placebocontrolled study that involved 21 dogs with chronic OA
of the hip. A minimum of 23 g of adipose tissue was excised from each dog and shipped to the principal authors’
company Vet-Stem for ADSC isolation. The isolated cells
were then shipped back to the veterinary clinic, where
the veterinarian performed the intra-articular injection.
Dogs in the treatment group were each injected with 4.2
to 5 million of autologous ADSCs whereas dogs in the
control group PBS. Therapeutic efficacy was evaluated by

RESULTS
Stem cell characterization
Porcine ADSCs were immunostained for smooth muscle
marker calponin, hematopoietic stem cell marker CD34,
embryonic stem cell markers Oct4 and SSEA-1, and
mesenchymal stem cell markers CD90 and CD105. The
results shown in Figure 2 are consistent with ADSCs of
other mammalian species[16,20].
Patient characteristics
Three dogs, all having unilateral stifle OA, were enrolled
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Table 2 Scoring system for owner's evaluation of their dog's activity and signs of pain

Activities
No difficulty
Slight and occasional difficulty
Frequent slight difficulty
Constant and obvious difficulty
Unable to perform
Signs of pain
No sign of pain
Occasional pain, but with no link to a specific activity
Pain after this activity
Constant pain

Walking

Getting up

1
2
3
4
5
1
2
3
4

1

Running

Climbing stairs

Playing or exercising

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

1
2
3
4

1
2
3
4

1
2
3
4

1
2
3
4

1

From prolonged rest.

Calponin

CD34

CD90

CD105

OCT4

SSEA1

Figure 2 Stem cell marker expression. Porcine adipose-derived stem cells were stained for the indicated cell markers (green) and nuclei (blue).

orthopedic assessment and owner questionnaire at 1, 2,
and 3 mo post-treatment. The results show that ADSC
therapy significantly improved scores for lameness, pain,
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and range of motion.
In a second study, also by Black et al[12], 14 dogs were
treated with ADSCs for chronic OA of the elbow. The
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Case 1

Case 1

4

3

Owner's score

Orthopedic score

3

2

2
a
a,c

a

1
1

0

4

Wk

8

0

12

0

4

Case 2

8

Wk

12

Case 2

4

3

a
a

2

a,c

Owner's score

Orthopedic score

3
a
a

2

a

1

1

0

4

Wk

8

0

12

0

4

Case 3

8

Wk

12

Case 3

4

3

Owner's score

Orthopedic score

3

a
a,c

2

a

2

a

a

a
1

1

0

4

Wk

8

12

0

0

4

Wk

8

12

Figure 3 Orthopedic and owner’s evaluation. Dogs (cases 1 to 3) were evaluated by veterinarians and owners for stifle joint function and pain according to the
scoring criteria listed in Tables 1 and 2. Data presented are the average and range of these scores. aP < 0.05, orthopedic score after stem cells injection vs pretreatment (week 0); cP < 0.05, orthopedic score after stem cells injection vs the previous time point. Lower scores indicate better joint function or less pain.

preparation of ADSCs was similar to the first study, and
3 to 5 million autologous ADSCs were injected into each
OA elbow. Treatment evaluation was conducted the same
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way as before, and the results again indicated ADSC’s
therapeutic efficacy. One notable difference this time is
that all recruited dogs were treated with ADSCs, citing
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Case 1

Table 3 Patient characteristics

Radiographic score

4

Case 1
Breed
Age (yr)
Sex
Weight (kg)
Joint affected
Disease duration

3

2

Labrador Retriever
2
Male
34
Left stifle
> 1 yr

Case 1
0

4

Wk

8

Color
Light yellow
Turbidity
Clear
Viscosity
> 2.5 cm
Nucleated cell count (/μL)
2160
Neutrophil
2%
Monocyte
22%
Lymphocyte
75%
Macrophage
11%

12

Case 2
4

Radiographic score

Case 3

Table 4 Synovial fluid analysis

1

3

2

0

4

Wk

8

12

Case 3
4

3

2

1

0

4

Wk

8

12

Figure 4 Radiographic evaluation. X-ray images of the diseased stifle joint
of each dog (cases 1 to 3) were evaluated by 5 investigators independently according to the scoring criteria listed in Table 3. Data presented are the average
and range of these scores.

owners’ objection to placebo treatment.
The third study involved 4 dogs with chronic OA of
the elbow[14]. The dogs were treated with intra-articular

WJT|www.wjgnet.com

Case 2

Case 3

Light yellow
Clear
> 2.5 cm
1088
2%
0%
93%
5%

Light yellow
Clear
< 2.5 cm
1433
10%
20%
68%
2%

injection of 3 to 5 million autologous ADSCs and evaluated one month later by veterinarian and owner assessments. The results show that all 4 dogs had improved
joint functionality and reduced lameness.
The forth study used force-plate analysis to assess the
effectiveness of autologous ADSCs in treating hip OA in
8 dogs[15]. The results show that both PVF and VI were
significantly improved at 180 d post-treatment.
While the abovementioned studies all demonstrated
ADSC’s therapeutic efficacy, the adoption of this novel
OA treatment into clinical practice faces many challenges,
including: (1) most veterinary clinics lack the equipment
and expertise for ADSC isolation; (2) excision of adipose tissue causes donor site morbidity; (3) individuallymade ADSC isolation is costly and time-consuming; and
(4) at least two veterinarian appointments are needed for
adipose tissue procurement and ADSC injection. However, these obstacles can be overcome if the therapeutic
ADSCs are from a xenogeneic source, and to this end,
numerous studies have demonstrated the feasibility of
xenotransplantation with ADSCs[16].
In the present study, the injection of porcine ADSCs
into the stifle joint of 3 dogs did not cause any inflammatory or allergic reaction, and its therapeutic efficacy was
comparable to the aforementioned autologous treatments.
As the radiographic assessment, which was conducted
independently by 5 investigators, did not find structural
improvement in the treated joints, it appears that the improved scores in force-plate, orthopedic, and owner’s assessments were due to ADSC’s anti-inflammatory and/or
immunomodulatory effects. Similar negative radiographic
findings in OA patients treated with NSAIDs have been
reported previously[22]. The present study is also similar to
the three aforementioned veterinarian studies in that the
presence of the injected ADSCs in the treated joint could
not be confirmed due to the fact that these patients are
companion dogs, not experimental canine models, and as

1

Radiographic score

Case 2

Golden Retriever
Beagle
5
2
Female
Male
35
14
Left stifle
Right stifle
5 mo
6 mo
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Case 1
a

a

64

Case 1

a

a

a

a

9

VI

PVF

60
8

56
7
52

0

4

Wk

8

Case 2

12

0

4

Case 2

9

a,c

8

Wk

12

a,c

60
8
a
VI

PVF

50
a

7

a

40

6
30
5

20
0

4

Wk

8

12

0

4

Case 3
80

8

Wk

12

Case 3
a

a,c

a
a,c

6

VI

PVF

70
5

60
4

50

3

40
0

4

Wk

8

12

0

4

Wk

8

12

Figure 5 Force-plate evaluation. Dogs (cases 1 to 3) were evaluated by force-plate gait analysis as shown in Figure 1. Values of PVF and VI were obtained from
three walks with valid speed. Both values were normalized for body weight; VI was further normalized for time. Data presented are the average and range of values
obtained from three walks with valid speed. Unit for PVF is N kg- in percentile (kg is dog’s body weight in kilogram). Unit for VI is N s kg- (s is time in second). aP < 0.05,
the week after stem cells injection vs week 0 (pre-treatment); cP < 0.05, the week after stem cells injection vs the previous time point. Higher scores indicate better
joint function. PVF: Peak vertical force; VI: Vertical impulse.

such, could not be sacrificed for histological examination.
The present study is pilot in nature and was intended
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as a proof of concept. When further validated in trials
with larger case numbers, it can potentially lead to the de-
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Table 5 Ground reaction force for all three dogs at all time points

Case 1
PVF-experimental limb
PVF-contralateral limb
VI-experimental limb
VI-contralateral limb
Case 2
PVF-experimental limb
PVF-contralateral limb
VI-experimental limb
VI-contralateral limb
Case 3
PVF-experimental limb
PVF-contralateral limb
VI-experimental limb
VI-contralateral limb

Pre-injection

2 wk post-injection

6 wk post-injection

12 wk post-injection

54.72
66.02
7.3
8.4

59.52
63.53
8.3
9.7

59.84
65.89
8.4
9.2

59.76
68.67
8.3
9.5

27.42
73.43
5.5
11

33.77
68.33
6.1
11.1

39
77.8
6.5
13.3

55.62
73.92
7.7
11.5

47.59
109.72
3.7
9

52.13
105.24
4.2
9.3

69.51
85.95
5
8.2

73.02
87.29
5.6
8.4

PVF: Peak vertical force (% body weight); VI: Vertical impulse (% body weight × time).

Terminology

velopment of a simple and inexpensive treatment for OA
and other degenerative diseases in veterinary medicine.
However, owner’s reluctance to participate and/or objection to placebo treatment will remain the most challenging issues going forward with such trials. It is thus our
hope that the publication of this pilot study will encourage more participation from both veterinarians and pet
owners.

Xenotransplantation is transplantation of tissue or cell from one species to another. Force-plate analysis employs a plate or platform in which an embedded
pressure sensor measures the ground reaction forces generated by a walking
animal. A limb with OA generates less ground reaction forces than a normal
limb, and as OA symptoms improve, so do ground reaction forces.

Peer review

This paper investigates the effect of intra-articular injection of adipose-derived
stem cells for treating canine OA. The aim of the study is highly important and
authors do a good job to describe its significance in the paper. Overall, the
manuscript is well-written.
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RETROSPECTIVE STUDY

D-MELD risk capping improves post-transplant and overall
mortality under markov microsimulation
Jeffrey B Halldorson, Robert L Carithers Jr, Renuka Bhattacharya, Ramasamy Bakthavatsalam, Iris W Liou,
Andre A Dick, Jorge D Reyes, James D Perkins
tion was then modified by screening matches using a
1200 or 1600 D-MELD risk cap ± allowing transplants
for Model for End-Stage Liver Disease (MELD) ≤ 14
(Rule 14). The differential impact of the rule changes
was assessed.
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RESULTS: The Markov simulation accurately reproduced overall and post transplant survival. A 1200
D-MELD risk cap improved post-transplant survival.
Both the 1200 and 1600 risk caps improved overall
survival for waitlisted patients. The addition of Rule 14
further improved post transplant and overall survival
by redistribution of donor livers to recipients in higher
MELD subgroups. The mechanism for improved overall
and post-transplant survival after listing was due to
shifting a larger percentage of transplants to the moderate MELD score subgroup (MELD 15-29) while also
ensuring that high MELD recipients have livers of high
quality to achieve excellent post transplant survival.
CONCLUSION: A 1200 D-MELD risk cap + Rule 14
provided the greatest overall benefit primarily by focusing liver transplantation towards the moderate MELD
recipient.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; The product of calculated Model for End-Stage Liver Disease score excluding exception points and donor age; Donor/recipient
matching; Markov microsimulation; Model for EndStage Liver Disease; Donor age

Abstract
AIM: To hypothesize that the product of calculated
Model for End-Stage Liver Disease score excluding exception points and donor age (D-MELD) risk capping ±
Rule 14 could improve post liver transplant and overall
survival after listing.

Core tip: Optimal matching between donor livers and
recipients balances recipient need with optimal utility.
The product of calculated Model for End-Stage Liver
Disease score excluding exception points and donor
age (D-MELD) risk cap uniquely utilizes ethically neutral
donor/recipient factors while maintaining predictive
power, making it useful for donor/recipient matching

METHODS: Probabilities derived from the United Network for Organ Sharing database between 2002 and
2004 were used to simulate potential outcomes for all
patients listed for transplantation. The Markov simula-
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Another potential area to maximize utility in liver
transplantation is decreasing the number of transplantations with low expected post transplant survival. Survival
after transplantation is largely dependent on the risk
combination between donor quality and recipient medical
condition, and survival is poorer when higher risk donors
are placed into the sickest recipients[12]. Since the dominant donor risk factor is age, and recipient medical condition is accurately measured by MELD score, Model for
End-Stage Liver Disease score excluding exception points
and donor age (D-MELD) (the product of donor age
and recipient MELD excluding United Network for Organ Sharing exception points) was developed as an ethically appropriate tool to improve donor/recipient matching during allocation[13]. As a product of two continuous
variables, D-MELD produces a risk gradient from which
a cap can be instituted to decrease the rate of futile donor/recipient matches. Importantly, D-MELD was designed to avoid controversial discriminator variables such
as gender, recipient age, race or subjective assessments of
“organ quality” that make other donor/recipient matching systems impractical or ethically controversial[14]. Prior
work demonstrated D-MELD scores greater than 1200
or 1600 to be significantly associated with poorer post
transplant survival[13].
Based on D-MELD risk cap thresholds ± Rule 14,
the experimental model evaluates the potential utility of
modifications in donor/recipient matching as follows:
(1) donor/recipient matches with D-MELD risk caps
above threshold (e.g., D-MELD scores greater than 1200
or 1600) would continue waiting for a better match; (2)
Matches below the D-MELD threshold (e.g., D-MELD
scores less than 1600) would then be offered based on
urgency prioritized by MELD score; and (3) A minimum
MELD score of 14 would be required for listing. We
hypothesize that elimination of donor/recipient matching at high D-MELD and low MELD would focus the
majority of liver matches in waitlisted patients with
moderate (15-29) MELD scores, improving both post
transplant survival and pre-transplant mortality by reducing the need for terminal disease progression in order to
obtain an offer.
While it is intuitive that a risk cap could improve post
transplant outcomes, an overly restrictive limit might
result in prolonged waiting times for the sickest patients,
thereby increasing waitlist deaths and outweighing any
gains from increased post transplant survival. In addition, redistribution of older livers originally designated
for high MELD recipients could potentially worsen post
transplant survival for lower MELD subpopulation recipients, lessening the expected benefit from transplantation.
Markov decision analysis can be used to estimate the
cumulative impact of decisions involving many potential outcome states in a complex system[15]. In order to
understand the potential impact of proposed allocation
changes, a Markov microsimulation was designed based
on outcomes from all patients listed for liver transplantation between 2002-2004 and followed until 2008. The
impact of both more (D-MELD 1200) and less (D-

paradigms aimed at improving utility. Described is a
novel utilization of the D-MELD risk cap as an aid for
donor/recipient matching. Markov modeling suggests
that this paradigm improves outcomes both by decreasing futile transplantations but also by focusing the
majority of transplantation on moderate Model for EndStage Liver Disease (MELD) recipients while continuing
to provide younger donor livers for the fewer number
of patients transplanted at high MELD.
Halldorson JB, Carithers Jr RL, Bhattacharya R, Bakthavatsalam
R, Liou IW, Dick AA, Reyes JD, Perkins JD. D-MELD risk capping improves post-transplant and overall mortality under markov microsimulation. World J Transplant 2014; 4(3): 206-215
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INTRODUCTION
As a response to waitlist mortality from the cadaveric
donor shortage, the once homogenous pool of younger,
donation after brain death donors has now become a
heterogeneous mix of standard and extended criteria
donors. By far the most significant change is greater use
of older donors aged greater than 50 who now may comprise over half of liver donor populations[1-3]. The older
donor has now become a dominant risk factor for poorer
graft and patient survival after liver transplantation[4,5].
The older donor pool in combination with sickest
first allocation policies based on Model for End-Stage
Liver Disease (MELD) scoring often produces match offers between higher risk donors and the sickest patients.
Although it can be demonstrated that the sickest (highest
MELD) patients derive survival benefit from transplantation even when matching with higher risk donors, overall
survival is inferior to that of lower risk donor/recipient
combinations[6]. While good results can be obtained with
older liver donors, high risk donor/recipient matches
have poorer survival and therefore decrease the utility
obtained from the scarce resource of donor livers for
transplantation[7].
Since post transplant outcome is not formally considered in current allocation policy, matching higher risk older donors with appropriate risk recipients is often improvised at the time of liver offer. With intent to maximize
the benefit from the severely limited medical resource of
cadaveric organs, modifications have been called for to
optimize matching between donors and recipients at the
time of allocation[8-10].
One proposed modification raises the minimal
MELD score for listing to 14 (Rule 14) with the intent to
ensure that recipients are sick enough to realize survival
benefit from transplantation. Prior modeling work has
demonstrated Rule 14 to improve overall survival for the
population of waitlisted patients, with a particular benefit
for patients listed at low MELD who may have higher
expected survival without transplantation[11].
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Markov model
Initial state
MELD 6-14
MELD 15-22
MELD 23-29

90 d

Event (transitions)
Transplant

Status 1

MELD 6-14

or

MELD 15-22

Wait

MELD 23-29

Alive

MELD ≥ 30

Dead

or
Removed

MELD ≥ 30

End state

Status 1

or
Inactive

Alive
Dead

Figure 1 Schematic of Markov model states and transitions. MELD: Model for End-Stage Liver Disease.

MELD 1600) restrictive risk caps with and without Rule
14 was examined for its potential impact on post transplant survival, overall survival and MELD subgroup at
transplantation.

who did not die or receive a transplant, we analyzed the
most recent complete 90-d time period between September 31, 2007 and December 31, 2007. Rates of change
between MELD subgroups were then used to predict
MELD progression for the study period 2002-2004. A
boot strap cohort was then modeled with initial MELD
and donor age distributions derived from the database.
To confirm accuracy of the model, we compared
the model’s predictions for both overall and post transplant survival with actual survival for all patients as a
whole and then by MELD category. After accuracy of
the model was confirmed, we analyzed the impact of
proposed D-MELD risk caps with and without Rule 14
as compared to the model. Using the D-MELD risk cap,
donor/recipient matches with a score above a 1200 or
1600 threshold remained on the waiting list until a suitable donor was found. Donor livers that were prevented
from matching under the D-MELD cap were redistributed to patients with matches below the risk cap using
the formula [D-MELD (1200 or 1600)]/(donor age in
years) = maximum acceptable MELD at transplant. The
liver was then allocated to the highest MELD subgroup
allowable. For example, allocating a 61-year-old liver with
a D-MELD 1600 filter would give a maximum tolerated
MELD of 1600/61 = 26.2. This liver then would be allocated to the subgroup MELD 23-29. Survival for the
donor/recipient match was predicted from the D-MELD
stratification curves for each MELD subgroup derived
from SRTR data.
To analyze the impact of Rule 14, matches were not
allowed for patients with a MELD score of 14 or below.
The livers from this group were re-distributed as before
without surpassing the proposed 1200 or 1600 D-MELD
cap. Because status 1 listed patients might suffer from
increased waiting times under a D-MELD risk cap, allocation to this subgroup was not limited by D-MELD.
Redistributed livers from Rule 14 and D-MELD risk caps
were allocated to Status 1 listed patients in the same proportion as actual data from 2002-2004 SRTR data.

MATERIALS AND METHODS
To model the multiple potential sequential events following liver transplant listing, we devised a Markov model
assigning potential states as derived from the database
(Figure 1). Event probabilities and expected survival
probabilities for different end states were derived from
records of all adult patients listed between January 1,
2002 and December 31, 2004, as recorded in the scientific registry of transplant recipients (SRTR) database
with follow-up until February 6, 2008. Actively listed patients were evaluated for MELD score at listing, MELD
score at removal, time waiting, post transplant survival,
and waitlist events translated from the database. Overall
survival was defined as the interval between listing date
until death. Survival was assessed as “intention to treat”
and included mortality with or without receiving a liver
transplant as well as patients removed from the list or
made inactive. Post transplant survival was assessed from
the time of liver transplantation until death at the time of
follow-up. Events after listing were assessed at 90-d intervals. Patients with missing MELD scores or donor age
were excluded (< 1%). There were 24295 patients who
met the study criteria. D-MELD was calculated as the
product of donor age and MELD score excluding United
Network for Organ Sharing exception points, and capped
at 40. Patients were sub-stratified into 5 MELD categories (6-14, 15-22, 23-29, ≥ 30 and Status 1) based on
initial and end state as recorded in the database. Final end
state measured was death or survival. Patients who were
made inactive on the list were given the same survival as
patients removed from the list; however, survivors after 90 d were allowed to re-enter at the same MELD as
they had at time of removal. Analysis of events for the
years 2002-2004 did not allow assessment of changes in
MELD category for patients remaining waitlisted (e.g.,
movement from MELD 6-14 to MELD 15-22). To estimate change in MELD for each 90-d period for patients
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A
100.0
Percent of patients remaining listed (%)

MELD (MELD 15-22 and MELD 23-29) who remained
waitlisted were slightly more likely to move to a lower
rather than a higher MELD subgroup per 90-d period
if still waiting. The small percentage of patients who
remained waitlisted in the subgroup MELD ≥ 30 were
most likely to wait at the same MELD followed by inactive listing.
The Markov microsimulation correlated well with
post transplant and overall survival when compared to
actual data (Figure 3). Comparison of predicted overall
survival by individual MELD subgroup demonstrated
no greater than 1.8% and 2.3% variation between model
and actual data for the years 2002 at 1 year and 4 years,
respectively (Figure 4A). Comparison of predicted post
transplant survival by MELD subgroup to actual data
demonstrated no greater than 2.3% variation between
model and actual at 1 year and no greater than 2.4%
variation at 4 years (Figure 4B).
The impact of D-MELD risk caps was analyzed
(Figure 5). A D-MELD risk cap of 1600 demonstrated
no overall improvement in post transplant survival. A
D-MELD risk cap of 1200 improved post transplant survival by 1.6% at one year and by 2.0% at 4 years (Figure
5E). Examination of post transplant survival by MELD
subgroup at transplant demonstrated a similar benefit for
both D-MELD risk caps for the MELD ≥ 30 subgroup,
with an approximately 4% improvement in one-year patient survival for both the 1200 and 1600 risk caps and
approximately 2.9% improvement for both groups at 4
years (Figure 5D).
The MELD distribution at transplant was examined
for both the 1200 and 1600 risk caps ± Rule 14 (Figure 6).
Institution of the 1600 risk cap shifted allocation slightly
in favor of the MELD 15-22 and MELD 23-29 subgroups. The 1200 risk cap had an expectedly greater effect, shifting greater than 90% of transplants to patients
with MELD scores of ≤ 29.
Addition of Rule 14 to either of the risk caps resulted
in an increased percentage of transplants for the MELD
≥ 30 subgroup with a greater number of livers redistributing to high MELD under the D-MELD 1600 risk cap
compared to the 1200 risk cap (Figure 6). For example,
the D-MELD risk cap in combination with Rule 14 resulted in 26.5% of transplants performed at MELD ≥
30% vs 12.8% for the model. Addition of Rule 14 to the
D-MELD risk cap of 1200 resulted in 47% of transplants performed at MELD 15-22 compared to 19.4% in
the model.
Likelihood of transplant by MELD subgroup at listing was examined for each model. For the proposals
including Rule 14, patients initially listed in the group
6-14 required progression to a higher MELD to obtain
a match. A D-MELD risk cap of 1200 in combination
with Rule 14 resulted in the highest likelihood of receiving a transplant for all MELD sub-groups (Figure 7).
Analysis of overall survival from the time of listing
was examined for all patients together as well as by initial
MELD subgroup at listing. All proposals resulted in im-
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Figure 2 Model for End-Stage Liver Disease subgroups. A: Percentage of
patients remaining waitlisted at initial Model for End-Stage Liver Disease over
time; B: Analysis of patient movement between subgroups for those remaining
waitlisted at 90 d. MELD: Model for End-Stage Liver Disease.

potentially occurring after listing (initial state) was created (Figure 1). Events (list removal or inactivation, transplantation or active listing) by MELD subgroup were
calculated directly from actual data. Rate to first event
and list removal was dependent on MELD subgroup. As
expected, the MELD 6-14 subgroup was slowest to leave
the list, with 55% of patients remaining waitlisted at one
year. The percentage of patients remaining waitlisted
over time decreased dramatically as MELD increased.
In the sickest subgroups, MELD ≥ 30 and Status 1,
less than 10% of patients remained listed after the first
90-d period (Figure 2A). Analysis of movement between
MELD subgroups for patients remaining waitlisted demonstrated the lower MELD subgroups (6-14, 65% and
15-22, 69%) to be most likely to remain waitlisted at the
same MELD after 90 d (Figure 2B). Patients at moderate
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Figure 3 Comparison of actual data to model, overall and post transplant survival for all patients. A: Overall; B: Post transplant.
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Figure 4 Comparison curve. A: Overall survival is subgrouped by MELD at listing. Comparison of actual data vs model; B: Post transplant survival subgrouped by
MELD at transplantation. Comparison of actual data vs model. MELD: Model for End-Stage Liver Disease.

proved survival from the time of listing when compared
to the modeled current survival (Figure 8). The proposed
D-MELD 1200/Rule 14 rule change provided the greatest improvement for the whole waitlisted population,
increasing overall survival by 3.6% at one year and by 8.5%
at 4 years (Figure 8E). Examination by MELD subgroup
at listing demonstrated a similar pattern, with the most
significant improvement in overall survival for the most
WJT|www.wjgnet.com

restrictive risk cap of 1200 in combination with Rule 14.
The subgroups gaining the greatest survival benefit were
patients listed at MELD 23-29 and MELD ≥ 30 (Figure
8C and D).

DISCUSSION
Currently, liver allocation based on the MELD system is
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Figure 5 Comparison of post transplant survival between current modeled survival and Model for End-Stage Liver Disease score excluding exception
points and donor age risk caps of 1200 vs 1600. Comparison is demonstrated for MELD subgroups at transplant and for all patients. MELD: Model for End-Stage
Liver Disease; D-MELD: MELD score excluding exception points and donor age.

urgency-based without regard for post transplant survival
or consideration of the potential benefit of transplantation at a less advanced disease state. The merits of the
current system are simplicity, objectivity, and accuracy
predicting waiting list mortality, as well as equity since
disease severity is the only prioritizing factor[16,17]. Disadvantages of the current system include a continued pressure toward poorer outcomes since the sickest (highest
MELD) recipients often match with higher risk donors.
This pressure towards transplantation at higher MELD
worsens as transplant centers “compete” for scarce donor livers under a matching system solely prioritizing disease severity (MELD)[18]. The desire for a better balance
between urgency and utility in organ allocation has been
an elusive goal[10].
In order to better balance the risk for individual do-
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Figure 6 Model for End-Stage Liver Disease distribution at transplantation comparing modeled (current) vs proposed changes. MELD: Model for
End-Stage Liver Disease; D-MELD: MELD score excluding exception points
and donor age.
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Likelihood of transplantation by MELD subgroup at listing
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Figure 7 Likelihood of transplantation by Model for End-Stage Liver Disease subgroup at listing with comparison between current (modeled) vs proposed
changes. MELD: Model for End-Stage Liver Disease; D-MELD: MELD score excluding exception points and donor age.
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nor recipient combinations in a manner ethically acceptable for allocation, we developed a statistic, D-MELD,
designed to account for the two dominant variables in
donor/recipient matching, patient physiologic condition
at transplantation as measured by MELD score and donor quality which is most significantly related to donor
age[13,14]. As the product of two continuous variables,
donor age and MELD (excluding exception points),
D-MELD calculation produces a continuous gradient of
risk for increased post-operative mortality and length of
stay. Strata from the gradient can be defined and risk caps
can be assigned to optimize distribution of organs for
the population.
While the impact of risk capping has an intuitive benefit for improving post-transplant survival, the impact on
overall survival for all waitlisted patients is less intuitive
since the D-MELD risk cap would prohibit transplants
for some high MELD recipients who might incur higher
waitlist mortality. Conversely, re-distribution of livers to
recipients within the moderate MELD subgroup would
also decrease the number of patients progressing to high
MELD prior to transplant. Whether the redistribution
would have an overall positive or negative effect likely depends on the relative availability of donor livers, the rate
of disease progression and the ability of patients to wait
for a higher quality donor offer. An additional concern
is whether redistribution of older donors to moderate
MELD recipients would worsen post-transplant outcome
for this subgroup and negate the benefit of greater liver
availability.
Using a model derived from SRTR data, D-MELD
risk capping in combination with Rule 14 provided a survival benefit for the waitlisted population as a whole without harming any subpopulation of listed patients. The
more restrictive risk cap of 1200 had a greater impact
on MELD at transplant, shifting a greater proportion of
transplants to an earlier stage of disease thereby preventing progression to high MELD prior to transplant for
many recipients. As the high MELD subgroup decreased
in size, the D-MELD risk capping actually increased the
likelihood of transplantation for patients with MELD
≥ 30, with the added potential post transplant survival
advantage that the highest quality young donors were
reserved for the sickest patients. Addition of Rule 14 further redistributed livers disproportionally towards higher
MELD recipients, providing additional insurance against
prolonged waiting times at high MELD and improving
overall survival by approximately 2%-3% for both 1200
and 1600 risk caps. This improvement in survival for the
Rule 14 is consistent with prior modeling experiments[11].
Our model suffers from a number of limitations that
require further study prior to any recommendation to
modify allocation policy. We chose a Markov microsimulation paradigm to model survival given the data available
from the SRTR database. We considered initial MELD,
end MELD, time on the list, deaths while waiting and
survival after transplant to be the most robust information available from the database. Certain information was
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not directly obtainable from analysis of the database for
the time period 2002-2004, and modifications were required to attain accuracy of the model.
The first modification was necessary to understand
the expected changes in MELD over each 90-d period.
In order to correct this deficit, we analyzed data from
the most recent complete 90-d time period available,
September-December 2007, comparing initial MELD
to final MELD for patients remaining waitlisted. These
probabilities were then used to estimate 90-d changes in
MELD for the period 2002-2004. The second modification was required to estimate survival for patients listed
inactive. Patients in this group were given the same survival probability as those removed from the list for other
reasons by MELD subgroup. Similar model calibrations
have been required for accuracy in described modeling
experiments[19-22].
Using the Markov microsimulation based on probabilities alone also limited the range of output data, and
we were not able to assess, for example, changes in waiting time by MELD subgroup. Although our model is
simpler than other described simulations, it was able to
achieve accuracy predicting overall and post transplant
survival for all subgroups for the time period studied.
A second limitation of our model is the assumption
of minimal friction in organ redistribution across the
whole waitlisted population. Allocation practice during the time period of the study were quite limited by
geographic and political considerations, so that other
than for status 1 recipients, sharing of organs outside of
local service areas was only practiced for livers that did
not match locally. The current environment, in which
regional sharing is now also mandated for recipients with
MELD > 35, now matches our model more closely. Nevertheless, as survival in our model improved comparing
D-MELD risk caps of 1200 and 1600, the beneficial effect of the model cannot result from sharing alone. Certainly, any negative effect from increased cold ischemia
times that would result if livers were re-distributed over
long distances might counter benefits gained from better
matching and would need to be assessed as part of any
increased sharing paradigm.
Given the real world limitations inherent to the current allocation system, implementation of a D-MELD
risk cap at the regional level may require optimization to
achieve optimal impact on survival[13,23]. For example, in
regions 4, 6 and 10, which have a higher donor/recipient
ratio and higher likelihood of transplantation, a D-MELD
score of 1200 may be optimal. In contrast, in regions 5
and 9, which have a higher average MELD at transplantation and higher average D-MELD, a higher cap might
produce optimal survival. Further modeling is required
before any final conclusions should be drawn.
Instituting risk caps would require a change in the
ethics of liver allocation by introducing societal limitations on the amount of acceptable risk for an individual
patient. Given the knowledge that matches between
high risk donors and high risk recipients still provide a
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survival benefit for the recipient, some individuals who
would otherwise have survival benefit from a transplant
would remain waitlisted losing preference to a match
with a better predicted outcome. This introduces a utilitarian ethic into the current urgency only liver allocation
policy. Utilitarian considerations are only appropriate
when medical resources are limited. According to the
American Medical Association Code of Medical Ethics,
Opinion 2.03-Allocation of Limited Medical Resources,
only “ethically appropriate”, criteria may be used for allocation decisions pertaining to “likelihood of benefit,
urgency of need, change in quality of life, duration of
benefit and resources required for treatment”. Furthermore, the Code states that physician must “remain the
patient advocate” and “should not make these allocation
decisions”[24]. Policy favoring utility such as D-MELD
risk caps and Rule 14 would help remove the caregiving
physician from the potentially conflicted task of patient
advocate and resource manager by displacing bypass decisions for unfavorable donor/recipient matches to the
allocation mechanism.
Currently a risk cap paradigm is already in practiced
in liver allocation in the form of an exception point system for hepatocellular carcinoma[25]. While patients with
cirrhosis alone are prioritized solely by their risk for waiting list mortality (calculated MELD score), those with
hepatocellular carcinoma are prioritized by a combination
of their risk of death from cancer and expected survival
after transplantation[26,27]. Since the risk for post transplant mortality from tumor recurrence can be predicted
pre-operatively in an ethically neutral manner by measuring tumor size and number, the risk cap allows MELD
exception points only for patients falling within an acceptable risk threshold based on the Milan criteria[28]. Risk
capping for donor/recipient matching could be based
follow a similar paradigm to better balance risk of death
and optimal utility.
In summary, modeling suggests that adoption of
D-MELD risk caps in combination with Rule 14 would
improve both post transplant and overall survival for the
population of patients with liver disease awaiting transplantation. This modification works by redistributing
donor livers toward patients with MELD scores between
15-29 when transplantation is most effective thereby decreasing the number of futile transplants and reducing the
severity of disease progression prior to a liver offer. Institution of risk caps could improve outcomes for the whole
population of patients waiting for transplantation, but
would require consensus among stakeholders given the
potential negative consequences for individual patients.
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Abstract

INTRODUCTION

Although the diagnosis of type 2 diabetes mellitus was
once considered a contraindication to simultaneous
pancreas-kidney transplantation, a growing body of
evidence has revealed that similar graft and patient
survival can be achieved when compared to type
1 diabetes mellitus recipients. A cautious strategy
regarding candidate selection may limit appropriate
candidates from additional benefits in terms of quality
of life and potential amelioration of secondary side
effects of the disease process. Although our current
understanding of the disease has changed, uniform
listing characteristics to better define and study this
population have limited available data and must be
established.

In October 1920, Dr. Frederick Banting approached Professor
John Macleod with an idea that would result in one of
the most significant discoveries of twentieth century
medicine. Dr. Banting correctly theorized the presence
of an “antidiabetic secretion” isolated from a surgically
ligated pancreas. His proposed method for isolation and
extraction was reluctantly rewarded with skepticism, an
inadequate work space, ten canines to form an animal
model, and the assistance of a young medical student,
Charles Best. Banting and Best named the initial product
of their extraction technique “isletin” and would use
this substance to prove the endocrine function of the
pancreas. Their impressive results were furthered with the
addition of a talented biochemist, Bertram Collip, who
was tasked with the purification of the insulin extract
for testing in human subjects. In January 1922, a 14-yearold diabetic boy, Leonard Thompson, was chosen to be
the first human to receive the team’s purified insulin[1].
This landmark experiment led to the reversal of the
young man’s near-death condition and the effort was
quickly expanded to other volunteer test subjects with
equally positive results. The brilliant results of this team
were rewarded with the Nobel Prize in Physiology and

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreas transplantation; Type 2 diabetes
mellitus; Simultaneous pancreas-kidney transplantation
Core tip: Comparable outcomes have been achieved in
simultaneous-pancreas kidney transplant among both type
1 diabetes mellitus and type 2 diabetes mellitus (DM2)
recipients. Our current understanding of the pathogenesis
of DM2 is in evolution and denial of simultaneous pancreas-
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Medicine in 1923[2].
The end of the twentieth century was greeted with
the emergence of a new worldwide pandemic. It has been
estimated that more than 340 million people are afflicted
with diabetes worldwide, with 90% of cases manifesting
as type 2 diabetes mellitus (DM2)[3,4]. In the United States
alone, diabetes mellitus is the leading cause of end-stage
renal disease (ESRD), accounting for 48215 new cases
(44%) of renal failure in 2006; an incidence increasing at
twice the rate of all other causes of ESRD[5]. The current
United States renal transplant waiting list is compromised
of > 40% of patients suffering from ESRD complications
secondary to diabetes mellitus (DM).
With the discovery of insulin, diabetes was transformed
from a rapidly fatal disease to a chronic condition with
the emergence of noteworthy secondary conditions
related to the primary disease process. Diabetes has been
shown to vastly increase the risk of heart disease and
stroke and is among the leading causes of chronic renal
disease[6]. Diabetic retinopathy, a result of long-term
accumulated damage to the small blood vessels of the
retina, has been estimated to contribute to one percent
of cases of blindness worldwide[7]. Diabetic neuropathy
increases the risk of foot ulceration and, when found in
conjunction with peripheral vascular disease, may lead to
infectious limb complications and accelerated limb loss[6].
Since its proposal in the mid-twentieth century, the goals
of pancreas transplantation have remained universal: to
establish insulin independence and prevent/ameliorate the
damaging secondary complications of the disease process.

manifestations of diabetes types with excess body mass
central to the rising incidence of the disease worldwide[10].
Although the exact etiology of DM2 remains elusive,
a series of common genetic variants, most of which
(CDKAL1, CDKN2A, CDKN2, MTNR1B, TCF7L2,
KCNJ11B) are associated with either reduced islet cell
mass or reduced β-cell function, have been identified[11,12].
Recent studies have shown a similar frequency of DM2
risk genotypes for the transcription factor TCF7L2 in
latent autoimmune (DM1) diabetic adults when compared
to DM2[12]. The genomic identity of a similar pathologic
predisposition further suggests that DM1 and DM2 are
representative of the same disorder of insulin resistance, set
against different phenotypic backgrounds.

EFFICACY OF PANCREAS
TRANSPLANTATION IN DM2
Since the first reported successful pancreas transplant in
1966[13], more than 35000 pancreas transplantations have
been reported to the International Pancreas Transplant
Registry (IPTR). Of those, more than 24000 were reported
from United States centers[14]. Traditionally, pancreas
transplantation has been reserved for medically and surgically
suitable candidates with DM1 suffering with ESRD
(simultaneous kidney and pancreas, SPK), DM1 patients that
have previously received a functioning renal graft (pancreas
after kidney transplantation, PAK), or patients with brittle
diabetes and hypoglycemic unawareness (pancreas transplant
alone, PTA).
Although the diagnosis of DM2 was once considered
a contraindication to pancreas transplantation, a growing
body of evidence has revealed that favorable results can be
achieved in selected candidates. Reluctance among some
physician groups has favored denial to DM2 candidates
secondary to a poorly understood mechanism by which
transplanted pancreata may overcome the underlying
pathophysiology of insulin resistance. In addition,
elevated cardiovascular risks, an enlarged body habitus,
an associated older age, and advanced secondary diabetic
complications have been suggested as listing deterrents.
This cautious judiciary strategy may account for the limited
number of DM2 pancreas transplant recipients and small
yet encouraging results reported for SPK transplants in
DM2[15].
Light has reported a large retrospective series of SPK
recipients with 20-year follow-up stratified according to
detectable (> 0.8 ng/mL) vs undetectable (< 0.8 ng/mL)
C-peptide values[16]. The patients with detectable C-peptide
values were found to be older in age at the time of clinical
diagnosis [24.2 years vs 15.4 years (P < 0001)], age of
transplant [42.8 years vs 38.5 years (P < 0001)], and had a
shorter duration of insulin dependence [19.1 years vs 23.1
years (P < 0.012)]. Study findings revealed increased graft
survival with similar rates of glycemic control in detectable
C-peptide patients when compared to non-detectable
patients (P = 0.064). This finding was contrasted by increased

PHENOTYPICAL ANALYSIS AND
GENETICS OF DIABETES MELLITUS
Diabetes mellitus as a global disorder is characterized
by hyperglycemia resulting from either an inadequate
production or a decreased sensitivity to circulating insulin.
Clinically, diabetes is broadly categorized as either type 1
(DM1) or DM2, depending on the genetic preponderance,
age of onset, body habitus, inciting origin, and associated
symptoms[8]. Traditionally, the DM2 phenotype is that
of an older age and a larger body habitus with a lack of
underlying autoimmunity prior to disease onset. In contrast,
DM1 patients tend to present with an abrupt onset at
an early age, possess a lean body habitus, and require
immediate insulin therapy to reverse the consequences of
the disease (Table 1).
As our knowledge regarding the pathophysiology of
diabetes has further expanded, the distinction between
these two seemingly separate disease processes has become
decidedly less clear. The accelerator hypothesis of DM
proposes a unique pathogenetic origin whereby excess body
mass contributes to hyperglycemia resulting in increased
insulin production to meet physiologic demands, the
acceleration of β-cell apoptosis, and the induction of β-cell
“immunogens” in a subset genetically predisposed to islet
autoimmunity[9]. The accelerator hypothesis proposes an
overlay rather than an overlap exists between the clinical
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five-year overall and death-censored kidney graft survival
in type 2 diabetics. However, after adjustment for recipient
(age, race, body weight, dialysis time, and cardiovascular
comorbidities), donor, and transplant immune characteristics,
DM2 was not associated with increased risk of death or
kidney or pancreas allograft failure when compared to
DM1.
Wiseman utilized Scientific Registry of Transplant
Recipients (SRTR) data to conduct a review of DM2
pancreas transplant recipients while utilizing a historical
control population of selected DM2 transplant recipients
(18-59 years of age, BMI from 18-30 kg/m2) having
received either a live donor kidney alone (LDKA) vs
deceased donor kidney alone (DDKA)[19]. On adjusted
analysis, patient and kidney graft survival rates were
superior for LDKA vs SPK and DDKA. After 1-year
post-transplant, patient and graft survival began to favor
SPK when compared to DDKA (82.0% vs 75.5%; P =
0.04); a finding on multivariable analysis related to younger
recipient and donor ages within this cohort. Surprisingly,
40% (269 out of 424 patients) of the SPK cohort were
aged 50-59 years of age, and a significant percentage of
these were older than age 55 years. Unadjusted pancreas
allograft survival rates were 83.7% and 71% at 1- and
5-years, respectively, whereas death-censored pancreas
graft survival rates were 87.7% at 1-year and 83.6% at
5-years[20]. These numbers are markedly similar to reported
pancreas allograft survival rates within DM1 recipients
and further reiterate the premise that excellent outcomes
of SPK transplantation can be achieved regardless of
recipient diabetes type.

Table 1 Epidemiologic features differentiating type 1 from
type 2 diabetes mellitus
Characteristic
Age (yr, at diagnosis)
Onset
Body Habitus
HLA-association
C-peptide
Ketoacidosis
Immediate need for insulin

Type 1 DM

Type 2 DM

< 25
Abrupt
Lean (weight <
105% of IBW)
Yes
Undetectable
Yes
Yes

> 25
Gradual
Overweight/Obese
(weight > 115% of IBW)
No
Detectable
No
No

DM: Diabetes mellitus; IBW: Ideal body weight; HLA: Human leukocyte
antigen.

patient survival discovered in the non-detectable C-peptide
group (P = 0.019), hypothesized secondary to a younger age
and fewer long-term secondary side effects associated within
the undetectable C-peptide group. Light’s findings caution
the use of C-peptide to determine candidacy for pancreas
transplantation and adds further controversy to the observed
clinical overlap of the two disease phenotypes. In fact, of
the study population, 17% of patients who were considered
to have DM1 based upon standard clinical criteria (Table 1)
were found to have elevated c-peptide values (≥ 0.8 ng/mL)
while nearly 40% of patients considered having DM2 (where
c-peptide should have been positive) had undetectable
values[16].
Margreiter et al[17] conducted a single-center retrospective
review analyzing twenty-one DM2 SPK recipients with
comparisons to historical DM1 SPK and DM2 kidney
transplant alone (KTA) controls. Actuarial pancreas
graft survival for SPK recipients at 1- and 5-years posttransplant were calculated to be 92.6% and 80.7%
respectively for the DM1 SPK group vs 81% and 75.9%
respectively for the DM2 SPK group (P = 0.19). Kidney
allograft survival at 5 years post-transplant was found
to be 83.6% for DM1 SPK recipients, 80.4% for DM2
SPK recipients, and 52.7% for DM2 KTA recipients (P
< 0.001). A multivariate analysis adjusting for potential
confounders (donor/recipient age, presence of diabetic
secondary complications, body mass index (BMI), wait
list time, cold ischemic time, delayed graft function, and
coronary risk factors) revealed no findings of statistical
significance[17].
Several noteworthy registry-based studies have been
conducted in order to further analyze clinical outcomes
of SPK recipients among DM2 recipients. Sampaio et al[18]
utilized the United Network for Organ Sharing (UNOS)
database to compare outcomes of SPK transplants based
upon recipient diabetes type. Of the 6756 SPK recipients
transplanted between 2000 and 2007, 586 (8.6%) were
reported as having type 2 diabetes. Rates of delayed
graft function (11.7% vs 7.8%, P < 0.001) and kidney
primary non-function (0.47% vs 1.03%, P < 0.03) were
significantly more frequent in DM2 patients. Pancreas
transplant complications were similar between groups and
not statistically significant. Initial findings revealed inferior

WJT|www.wjgnet.com

CURRENT CONTROVERSIES IN
PANCREAS TRANSPLANTATION AMONG
TYPE 2 DIABETICS
In a review of > 35000 pancreas transplants reported to
the International Pancreas Transplant Registry (IPTR),
Gruessner et al[14] revealed an upward trend in the rate
of pancreas transplantation performed upon DM2
candidates. Since 1994, diabetic type has been consistently
reported within the registry with an overall rate of DM2
recipients increasing from 2% in 1995 to 7% in 2010 (P
< 0.0001)[14]. Despite this upward trend, the rate of DM2
may in fact be lower (or higher) secondary to the absence
of a unified and defined criteria by which transplant
centers select DM2 candidates.
Although many defined criteria (age at diagnosis, BMI,
family history, HLA association, detectable C-peptide)
have been proposed to differentiate DM1 from DM2, no
reliable and objective test(s) exist. In fact, as noted prior,
several patients are found to categorically overlap. Fasting
or stimulated C-peptide levels have long been used as a
primary differentiating criterion to define DM1 vs DM2
transplant candidates [20-22]. As C-peptide is primarily
metabolized in the kidney, levels in patients with ESRD
can be disproportionately high and not representative of
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biguanides, sulfonylureas, meglitinide derivates, alphaglucosidase inhibitors, thiazolidinediones, glucagon-like
peptide-1 (GLP-1) agonists, dipeptidy-l peptidase Ⅳ
(DPP-4), selective sodium-glucose transporter-2 (SGLT-2)
inhibitors, amylinomimetics, and insulin. With demonstrated
treatment failure from any of the aforementioned
combination of medical and/or lifestyle modifications,
pancreas transplantation may provide the positive effects of
normoglycemia in insulin requiring DM2 patients with endstage renal disease.
In DM2 patients, peripheral insulin resistance, which is
associated with relative insulin deficiency and insulin secretory
defects, plays a central role[19]. It was once hypothesized
that β-cells within the transplant would be subjected to
overstimulation leading to “islet exhaustion” in a damaging
cascade resulting in allograft failure. This has been disproved
in a large, often cited longitudinal case series by Chakkera et
al[21]and Light et al[28,29]. In fact, insulin secretion and sensitivity
have been shown to improve long term after SPK in DM2
recipients[30].
Although a greater survival advantage at 5 years posttransplant has been reported for LDKA vs both SPK and
DDKA in DM2 recipients[19], the quality of life benefits of
euglycemia or the possible effects that euglycemia might
have on the secondary complications of DM cannot be
underestimated[31-33]. These added benefits have been shown
to result in improved mental and physical health, disease
perception, mobility, vitality, and patient satisfaction[31,32].
Whether the euglycemic effects of the added pancreas
ultimately may lead to a survival advantage when compared
to LDKA cannot be ruled out, as large retrospective analyses
of DM1 SPK recipients have shown the added benefits
of the additional pancreas over a kidney transplant alone
become more evident over time[34,35].
Importantly, however, expansion of this transplantable
cohort may decrease the number of donor pancreata
available, further affecting a larger pool of DM1 SPK, PAK,
and PTA recipients; a population whose survival benefits
have been better defined[19,36]. In addition, the current
UNOS algorithm awards priority to SPK recipients over all
other forms of DDKA transplants within a given region.
Coupled with judicious donor selection criteria at most
centers and a relatively short simultaneous kidney-pancreas
compared to deceased donor kidney waitlist, listing selected
DM2 candidates for SPK may improve an individual’s
chance to obtain a quality organ transplant with less waiting
time. In order to address this potential, UNOS policy has
employed a 6-mo review process with proposed reduction
in BMI eligibility criteria 2 kg/m2 if more than 10% of
the SPK waiting less is composed with DM2 candidates[19].
Cautious utilization of DM2 listing criteria should be
employed among all pancreas transplant centers in order
to ensure optimum patient and graft survivals are achieved.
As the long-term outcomes of pancreas transplantation in
DM2 candidates is not entirely known, SPK transplantation
in this cohort should be limited to specialized and well
experienced transplant centers to ensure the possibility of
continued positive outcomes.

Table 2 Proposed simultaneous pancreas-kidney type 2 diabetic
selection criteria
Age < 55 yr
BMI < 30 kg/m2
Insulin dependence
Total insulin requirements < 1 U/kg of IBW/d
Presence of renal failure (dialysis dependent or pre-dialysis advanced
diabetic nephropathy with GFR ≤ 20 mL/min per 1.73 m2
Fasting c-peptide < 10 ng/mL
Low cardiac and vascular disease risk
History of medical and dietary compliance
IBW: Ideal body weight; GFR: Glomerular filtration rate.

the actual functioning β-cell mass. Wang et al[22] furthered
this controversy by demonstrating that C-peptide levels,
using ultrasensitive methods, may be detected in 10% of
DM1 patients up to 30-years after disease onset. In addition,
Singh confirmed that pre-transplant C-peptide levels had
no influence on death-censored SPK survival rates for up
to 3-years post-transplant. In this study, the selection criteria
utilized to define their DM2 group included minimum
insulin requirements of more than 5-years duration with
daily requirements less than 1 U/kg per day, C-peptide
levels ≥ 1.8 ng/mL, BMI ≤ 32 kg/m2, and absence of
advanced cardiovascular disease[23].
In order to properly evaluate and define selected
DM2 candidates for SPK transplantation, universal listing
criteria should be adopted. The definition of DM2 has
been left to the discretion of the individual reporting
centers and often does not account for variations in
diabetes phenotype. Until recently, neither the UNOS
database nor the SRTR required data regarding patient
medication use, C-peptide values, or any other feature
which may further confirm categorization of diabetes
type. Others have proposed listing criteria to define the
DM2 SPK populations. These have often been selected
according to younger age, a relatively lean body habitus,
and a limited advanced diabetic cardiovascular disease[16,23].
We propose the adoption of a defined list of selection
criteria to better define potential DM2 recipients that may
benefit from SPK transplantation and allow for closer
population-based longitudinal studies (Table 2).
Contemporary management of DM2 patients has
been profoundly influenced by the results of the United
Kingdom Prospective Diabetes Study (UKPDS) [24-27].
The authors demonstrated a continuous relationship
between euglycemia and microvascular complications,
with a 35% reduction in risk for each 1% decrement
in HbA1c. In most patients with DM2, a multimodal
management scheme is employed to address the issue of
euglycemia as well the long-term secondary influences
on the disease. Central to this approach are dietary and
lifestyle modifications, management of dyslipidemia and
hypertension, and pharmacologic therapy with a goal of
improved glycemic control.
Current available pharmacologic treatments are vast
and include medications in the following drug classes:
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Core tip: Several novelties in the immunosuppressive
treatment regimens in kidney transplantation in children
are becoming available, with the aim of reducing the
long terms side effects, particularly growth retardation,
infections and malignancies, as well as improving the
long term survival of the graft through a better treatment
of chronic rejection. Moreover new induction drugs and
specific protocols addressed to sensitized subjects may
widen the possibility to receive a graft even for highly
immunized children. These innovative aspects of therapy
in kidney transplantation in children are reviewed.
Peruzzi L, Amore A, Coppo R. Challenges in pediatric renal transplantation. World J Transplant 2014; 4(4): 222-228
Available from: URL: http://www.wjgnet.com/2220-3230/full/
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Abstract
Transplantation in children is the best option to treat
renal failure. Over the last 25 years the improvements in
therapy have dramatically reduced the risk of early acute
rejection and graft loss, however the long term results in
terms of graft survival and morbidity still require search for
new immunosuppressive regimens. Tolerance of the graft
and minimization of side effects are the challenges for
improving the outcome of children with a grafted kidney.
Notwithstanding the difficulties in settling in children large
multicenter trials to derive statistically useful data, many
important contributions in the last years brought important
modifications in the immunosuppressive therapy, including
minimization protocols of steroids and calcineurin inhibitors
and new induction drugs. New methods for diagnosis of
anti HLA antibodies and some new protocols to improve
both chance and outcome of transplantation in immunized
subjects represent area of ongoing research of extreme
interest for children.

INTRODUCTION
In children and adolescents affected by chronic renal failure
the treatment of choice is kidney transplant. Transplantation
indeed, is advocated even before dialysis as the best option to
treat the metabolic, psychological and familiar derangement
induced by renal failure.
Over the last 25 years remarkable improvements have
been reached not only in terms of graft and patient survival[1,2]
but also for comorbidities and full rehabilitation[3]. However
the optimal immunosuppressive and supportive treatments
assuring long term and high quality survival have not been
standardized yet.
The immunosuppressive regimens adopted in the last 25
years have dramatically reduced the risk of acute rejection
and graft loss within the first months after transplant but
concerning the long term results the rate of graft loss is still
high, particularly in patients receiving a transplant as small
children and facing adolescence with an aged graft. They
are bearing the cumulative risks of prolonged therapies,
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malignancies, infections and cardio vascular diseases.
Cardiovascular risk is one of the most important aspects
clarified in recent years as conditioning patient survival and
requiring a proactive and systemic preventive approach
since the early phases of renal failure[4].
While primary non function and delayed graft function
reduction have allowed progressive improvements of
short term allograft survival, data on the long run are
still not fully satisfactory. Optimal management of
chronic allograft nephropathy remains one of the critical
challenges to improve long-term kidney transplant
outcomes in children. Both immunologic and non
immunologic factors are involved in the pathogenesis
of chronic allograft nephropathy, often in a subclinical
way, and great efforts are frequently required for prompt
diagnosis and appropriate treatment. The search for
non invasive markers of immunological damage has not
produced so far predictive and satisfactory tools to avoid
the graft biopsy and protocol biopsies often are advocated
also in children for better follow up[2].
The utopistic search for an ideal immunosuppressive
regimen able to allow tolerance of the graft and the
minimization of the side effects due to over-or underimmunosuppression in children match with the difficulties
in settling multicenter trials with sufficiently large number
of enrolled patients to derive statistically useful data.
However, several pivotal studies have consistently
improved the perspective outcome of children with a grafted
kidney, assessing new challenging frontiers in this delicate
area.

monoclonal Ab (basiliximab), sirolimus, calcineurin
inhibitors (CNIs) and steroids for 6 mo. Before randomization
a renal biopsy was performed in each case. Fifty nine of
the 132 enrolled children were randomized to maintain
0.15 mg/kg per day of prednisone while the remaining
73 children to steroid withdrawal. There was a trend
(P < 0.06) of increased frequency of acute rejection in
the steroid-free group, and moreover, after three years
follow-up, frequency of graft loss or death in the steroidfree group became statistically significant (P < 0.002).
The study started in 2001 but was discontinued in 2004
because of an unanticipated high risk of post-transplant
lymphoproliferative disorders (PTLD). In the steroidfree group, 106/107 children treated for > 6 mo had at
least one adverse event during the first 6 mo and most
worrying, 10 children developed PTLD. From this study
it was concluded that in children it is possible to withdraw
or avoid steroids if other immunosuppressive agents are
given in large doses; however high immunosuppression
carries an increased risk of PTLD, which was considered
unacceptable.
More satisfying data came from the TWIST RCT led
by Grenda et al[6] in Europe aimed at investigating the effect
of steroid withdrawal on children’s growth. All 220 children
were treated with daclizumab 1 mg/kg at transplantation
and at day 14, tacrolimus (TAC) 0.3 mg/kg per day (target
through levels 10-20 ng/mL on days 0-21; 5-15 ng/mL on
days 22-186) in combination with mycofenolate mofetil
(MMF) 1200 mg/m2 per day for 2 wk, followed by 600
mg/m2 per day. In addition to these drugs, children were
randomized to (1) arm with steroid withdrawal, assuming
methylprednisolone (MP) 300-600 mg/m2, with daily
reduction (60, 40, 30, 20 mg/m2) and discontinuation at day
5; and (2) arm with steroids: MP 300-600 mg/m2 and 40
mg/m2 days 2-7, reduced from day 43 to 183 at discretion
of investigators.
The primary end point was fully achieved in pre-pubertal
children, who showed a significant benefit from steroid
early discontinuation in modification of height standard
deviation score. In the latter group, the absolute change in
mean height at 6 mo was significantly better. The estimated
rate of children free from biopsy proven acute rejection at
protocol biopsy performed after 6 mo was 89% vs 92%, thus
not proving any statistical difference between children with
or without steroid discontinuation. Outcome of rejection,
as well as graft and patients’ survival were similar in the two
groups. However, the follow-up was very short, being six
months only.
There was a need for longer follow-up, provided by
the Stanford University group, which has been the leader
in trying the steroid minimization strategy. Sarwal et al[7]
addressed to complete steroid avoidance in a multicenter
RCT with three years of follow-up. The protocol was
based on a common treatment with TAC 0.15 mg/kg
per day (12-14 ng/mL day 0-7; 10-12 ng/mL from 2nd
wk; 4-6 ng/mL at 1 year and 3-5 ng/mL after 1th year)
in association with MMF: 1200 mg/m2 per day for 2 d,
than 600-900 mg/m2 per day. Children were randomized

Steroid minimization, early
interruption and avoidance
in paediatric kidney
transplantation
For more than 40 years steroid therapy has been a cornerstone
of immunosuppressive therapy in renal transplantation.
Despite their effectiveness, steroids are associated with severe
well known side effects including glucose intolerance, diabetes,
hypertension, hyperlipidemia, cataract formation, osteoporosis,
fractures, mood and cosmetic changes. In children, steroid
therapy has the additional very important drawback of marked
growth retardation. Because of these side effects, many efforts
have been made on trying to withdraw, minimize or avoid
steroid therapy in paediatric renal transplantation.
The early attempts of steroid withdrawal after kidney
transplantation in children were performed in the late
eighties (1987-1990). However the high rate of acute
rejections observed suggested the need of steroids for
maintenance therapy in paediatric patients.
The introduction of new powerful immunosuppressive
agents and new effective induction therapy led to the
development in the last years of new trials aimed at
steroid early withdrawal or avoidance in children.
One of the first report was the randomized controlled
trial (RCT) from Benfield et al[5], who used anti CD25
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in two arms, including: (1) Steroid free arm, daclizumab 2
mg/kg pre transplant, at weeks 2, 4, 6, 8, 11 and months
4, 5, 6; (2) Steroid based arm, daclizumab 1 mg/kg pre
transplantation, at weeks 2, 4, 6, 8. Moreover, prednisone
was given, MP 10 mg/kg perioperatively, followed by 2
mg/kg and 0.5, 0.3, 0.2, 0.1, 0.15, 0.1 mg/kg per day at the
end of weeks 1, 2, 4, 6, 16. The dose of 0.1 mg/kg was
achieved no later than six months post transplantation.
After three years of follow-up no significant difference
in estimated glomerular filtration rate was found between
the two groups as well as in protocol biopsies at 6, 12
and 24 mo, despite some borderline changes were
slightly more frequent in the steroid-free group. This
observation induced further subanalysis on subclinical
inflammation and chronic renal graft injury in children
who underwent this NIH organized RCT[8]. No difference
between steroid and steroid free regimens was found as far
as T mediated rejection or T mediated borderline changes
were concerned. There was a significant increase in blood
pressure in children on steroids in comparison to those
without it as well as an increase in cholesterol. Changes
in height-Z score from baseline tended to be different in
the two groups over the first months after transplantation
(as observed in TWIST RCT) but this effect was lost
after one year of transplantation. From this RCT it
was concluded that three year follow up of steroid free
regimen in unsensitized recipients at first transplantation
with double dose of daclizumab in comparison to children
on steroids was safe and did not increase the frequency of
PTLD. However, no significant difference was observed
in linear growth at three years even though at 6 mo there
was a better growth in the steroid free group. In this study
13% of children had a failure to maintain steroid-free
regimen and had a worse prognosis compared to those
who maintained the steroid-free protocol, mostly due to
difficulty to control acute rejection or to recurrence of
original glomerulonephritis.
A recent systematic review by Pascual et al[9] including
children and adults, concluded that the issue of steroid
withdrawal is still controversial. After analysis of 9 RCT and
1934 subjects investigated, death and graft loss were similar
in steroid avoidance and control patients, with no differences
between CsA and TAC studies. After steroid avoidance, acute
rejection was more frequent than conventional steroid use
in CsA trials but not when TAC was used. Steroid avoidance
was associated with less frequent new-onset diabetes mellitus,
but this decrease was only evident with CsA, whereas this
difference was not significant analyzing TAC studies. Despite
this trend, the corresponding interaction tests were not
statistically significant for acute rejection and new-onset
diabetes mellitus, respectively.
The conclusions from this meta-analysis were that steroid
avoidance or early withdrawal within the first two weeks is
safe in kidney transplant recipients receiving induction with
anti-interleukin-2 receptor antibodies or thymoglobulin and
a drug regimen based on calcineurin inhibitor and MMF.
However, the real benefits remain unclear.
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Calcineurin INHIBITORS–free
protocols in paediatric renal
transplantation
CNI carry relevant side effects, including hirsutism,
hypertension, diabetes, seizures and renal toxicity which
contributes to long term graft loss. Hence the search
for CNI free protocols is one of the frontiers for renal
transplantation in children. The Renal transplantation
Center in Atlanta reported a five-year experience using
sirolimus (SRL)-based, CNI-free immunosuppression in
pediatric renal transplantation[10]. A cohort of low-risk renal
pediatric transplant recipients was switched from TAC to
SRL. All children received basiliximab induction and TAC,
MMF, and prednisone. Conversion was pursued in cases
at first transplant without history of nephrotic syndrome
and without histologic evidence for acute rejection at
three months after transplantation. Fifty-one children
were converted from TAC to SRL. SRL was discontinued
in 11 cases over the first year because of adverse events,
particularly in 20% of the cases for aphtous ulcers. The
remaining 40 children had 91% graft survival at five years.
Acute rejection was detected in 13% of patients during
the first year after conversion. BK viremia was detected
in 20% and proteinuria in 7%. This study concluded that
SRL-based immunosuppression associated with a CNI-free
regimen can be successful in selected lower-risk patients,
though the side effects are relevant.
A very relevant issue in children transplantation is
growth since height is compromised by previous long
term-uremia, dialysis treatment, and children undergoing
renal transplantation have to face the need of steroids
after transplant, which further limits the possibility
of attaining a satisfactory final height. A report from
Heidelberg Group has recently investigated the growth in
pediatric kidney transplant recipients on an everolimus vs
an MMF-based steroid-free immunosuppressive regimen[11].
Indeed some concerns were raised about the possible
interference of mammalian target of rapamycin inhibitors
(mTORi) in pediatric transplant recipients with bone
growth by inhibition of growth factor signaling and
growth plate chondrocyte proliferation. The study focused
on longitudinal growth over 2 years in steroid-free
pediatric kidney transplant recipients. Fourteen children
on a steroid-free maintenance immunosuppressive
regimen with low-dose everolimus (EVR) associated with
low-dose CsA were compared to 14 children on steroidfree protocol and standard MMF regimen in conjunction
with a standard CNI dose. No difference in change in
height standard deviation score was detected between
EVR and MMF groups. Similarly, the percentage of
prepubertal patients experiencing catch-up growth, was
similar in children in the two protocols. The Authors
concluded that low-dose EVR does not have a negative
impact on growth in pediatric renal transplant recipients.
A recently proposed drug for CNI free protocol is
belatacept (which differs from abatacept only for two amino
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acids), a fusion protein constituted by the Fc fragment of
human IgG1 linked to the extracellular domain of CTLA-4,
which is crucial for T-cell costimulation. In pediatric kidney
transplantation belatacept is a promising agent for allowing
steroid-free and CNI free immunosuppression. In a recent
report[12] in living donor kidney transplant belatacept was
used monthly in association with daily sirolimus. Belatacept
and sirolimus effectively prevented kidney allograft rejection
without CNIs or steroids when used following alemtuzumab
induction. The effect of a similar protocol in children is
under investigation.

was added only in cases of high immunological risk or
prolonged delayed graft function. Over a mean followup of two years, TAC monotherapy was maintained
in 48% of children, and steroids were avoided in 80%.
The actuarial survival rate at 3 years was 100%. Acute
rejection rate was 12% within the first year and 16%
in the following two years. The frequency of BK or
CMV infection was 16%. The Authors concluded that
alemtuzumab induction with TAC monotherapy is a good
option for children with low immunological risk ensuring
excellent short and medium-term follow-up outcome.
A recent report provided interesting results of 7
years follow-up in children treated with alemtuzumab
and corticosteroid minimization after cadaveric renal
transplantation[22]. The maintenance therapy was a steroidfree regimen with TAC and MMF immunosuppression. All
children had immediate graft function and graft survival was
excellent (95%). No patient had cytomegalovirus infection,
PTLD or polyoma BK nephropathy. The conclusion of
this study was that steroid avoidance provided a good
outcome with adequate immunosuppression after singledose alemtuzumab with maintenance therapy with TAC
and low-dose MMF.

New induction protocols for
renal transplantation in
children
Alemtuzumab (Campath-1H) a humanized monoclonal
antibody directed against CD52, is a new interesting
option for induction with good results also in children[13,14].
Alemtuzumab recognizes CD52, a glycoprotein expressed
on T and B lymphocytes, monocytes and natural killer
cells[15,16]. This drug is the most efficient presently available
lymphocyte-depleting agents, inducing, after a single
administration, a prompt and prolonged depletion of
circulating lymphocytes. Alemtuzumab was used since
1998[17] with the interesting result of allowing a low-dose
CsA monotherapy. Recent RCT in adults have shown
lower frequency of acute rejection in comparison to
basiliximab in patients non at high immunological risk[18,19].
In children the first relevant experience was from Kidney
Transplantation Center in Moskow, as Kaabak et al[20]
reported, in living related pediatric renal transplants. The
rationale was to eradicate peripheral lymphomonocytes and
induce donor- specific tolerance, by infusing two doses of
30 mg alemtuzumab, one 12-29 d prior to transplantation
and the other at surgery. They reported a large experience
on 101 living-donor kidney transplantations in pediatric
recipients. The maintenance immunosuppression included
low doses CNI and MMF. The mean follow-up was 3 years.
Graft survival was 96% at one year and 89% at three years.
Acute rejection was detected at protocol biopsies in 26%
of children at one year and in 35% at two years, while no
rejection was detected thereafter. The conclusion from this
study were that alemtuzumab pretreatment before living
related kidney transplantation is a good option allowing a
reduction in usual doses of CNI and obtaining satisfactory
middle-term results.
A subsequent study performed by the Portland
Group of pediatric kidney transplantation[21] investigated
the effects of alemtuzumab, 0.5 mg/kg for a maximum
of 30 mg, in 25 children undergoing cadaveric kidney
transplantation, in whom the drug was given after
anesthesia, before kidney transplantation. MP was given
10 mg/kg peri-operatively and before revascularization.
Children received steroid therapy for other four days. TAC
as monotherapy was initiated at day 1 (target through
levels of 8-10 ng/mL over 6 mo, then 6-8 ng/mL). MMF
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Desensitization protocols in
children
Over the last years a growing interest has been focused
on donor-specific antibodies (DSA Ab) for a previously
unsuspected role in graft function and survival[23]. Acute
antibody-mediated graft rejection is a problem involving
children as well as adults, but even more relevant is
becoming the role of DSA Ab as one of the mayor causes
of graft loss[24]. Children candidates to a kidney transplant,
particularly after a first failed graft, more often than in the
past present with antibodies against HLA antigens, often at
high titres, raising the problem of the risk of hyperacute or
acute humoral rejections and reducing the chances of being
transplanted[25,26]. The new flow cytometry based techniques
used to investigate the presence of anti HLA antibodies
have a much higher sensitivity than complement dependent
cytotoxicity assays and are able to reveal panels of
antibodies whose capacity to bind complement and induce
antibody mediated lysis of target cells is not ascertained.
For some years the true role of these low titres antibodies
has not been clearly defined: hyperacute rejection is not
common but either acute rejection and a chronic damage
induced by these antibodies has been demonstrated[23,24].
Sensitization may occur after blood transfusion with red
blood cells not appropriately washed or filtered, however
the main origin of sensitization is a previous transplant.
Proteins as well as stem cells of donor origin have been
demonstrated to be persistently present even after removal
of the graft, being able to maintain the persistence of
immunological stimulus[25]. De novo antibodies, mostly
directed against HLA, have been detected in a United
States multicenter report in up to 24% of children with
renal transplant. Six percent of these antibodies were DSA

225

December 24, 2014|Volume 4|Issue 4|

Peruzzi L et al . Challenges in pediatric renal transplantation

given in some protocols after plasmapheresis[29].
Billing et al[30] treated children with active chronic DSA
Ab rejection with 4 weekly doses of 1 g/kg IVIg followed
by one single dose of rituximab (375 mg/m 2). They
reported a significantly lower loss of GFR over 6 mo of
treatment in 4/6 cases. These results were confirmed in
a larger trial enrolling 20 children followed over 2 years,
with a response rate (evaluated as reduction of GFR loss)
in 70% of the patients. Meanwhile, there was a reduction
of 60% of antibodies against both HLA class Ⅰ and Class
[31]
Ⅱ .
Another drug used to successfully prevent or reduce
DSA Ab is MMF (390 to 500 mg/m2 per day), which
gave satisfactory results in a 4-year-old child[32].
New treatments, like Eculizumab which is a complement
inhibitor directed against terminal complement protein C5,
and the proteasome inhibitor Bortezomib, are theoretically
useful to block the final effects of preformed anti HLA
antibodies and their noxious effect, but still not yet
experienced in sensitized children. A recent retrospective
study reported 4 cases of children with grafted kidneys who
were treated with bortezomib for high levels of DSA and
acute antibody mediated rejection[33]. Children received four
doses of bortezomib 1.3 mg/m2 at day 1, 4, 8 and 11. All of
them were treated with various drug combinations, including
rituximab, methylprednisolone, plasmapheresis or IVIg. The
conclusion from this limited series were that bortezomib
therapy is an effective and safe methods for a rapid reduction
in DSA levels, although its effectiveness from the clinical
point of view was not clearly defined in this preliminary
experience in children.

Ab and 6% anti MHC class 1 related chain A (MICA), and
were equally found either on steroid-free or steroid-based
regimens[25]. The presence of anti HLA and anti MICA Ab
was significantly associated with acute and chronic rejection
with faster graft loss. Similar results were reported by a
single center Italian study[26] in 82 children who underwent
kidney transplantation, without prior DSA Ab: 23% of
this cohort developed after 4 years of follow-up de novo
DSA Ab, mostly directed against HLA-DQ antigens. A
significant correlation was found between DSA Ab and
chronic antibody-mediated rejection. The conclusion of
both studies[25,26] were that children developing DSA Ab
are at risk of graft dysfunction and that there is the need
of developing new strategies to prevent antibody mediated
graft damage and progression to graft failure.
In candidates to a kidney transplant persistent large
panel of antibodies against HLA and PRA > 50% require
a desensitization approach for increasing the chance of
receiving a graft. Several protocols have been proposed
also in children aiming at reducing the antibody titres.
The desensitizing protocols include removal of DSA by
high-dose i.v. immunoglobulins administration (IVIg),
plasmapheresis, immunoadsorption, or a combination of
the two approaches. In the attempt of reducing recurrence
of DSA Ab, rituximab has been introduced in the last
years. In some cases immunosuppression with alkylating
agents is also considered[23]. The major drawbacks of
these protocols are the risk of infections and the rebound
of antibodies allowing a short window interval time for
receiving a transplant, requiring repeated desensitization if
a suitable donor is not found. In pediatric age, due to low
numbers of desensitized patients there is a lack of large
studies.
Most protocols are based on intravenous immunoglobulins
which in children have been reported to be effective even
when used alone in significantly reducing PRA. Al-Uzri et
al[27] showed that weekly infusion for three consecutive weeks
every 12 wk of high-dose (500 mg/kg) Immunoglobulins
reduced PRA to zero, and the effect lasted for over three
years. Tyan reported a case where IVIG were successfully
used to reduce PRA from 95% to 15% and allow retransplant
in a 13 years old boy[28].
In adults Immunoglobulin infusion alone have not
produced satisfactory results, hence different protocols of
combination treatment with other drugs or procedures have
been tried and adopted also in children. The combination
of rituximab with plasmapheresis was able to maintain
over longer time the immunoglobulin depleting effect of
plasmapheresis maintaining the lowering effect so as to allow
the use of this protocol also in deceased-donor transplant.
Rituximab cannot by itself reduce anti HLA antibody level,
but can prevent clonal B cells expansion and consequently
DSA production. The advantage of rituximab (1 g/1.73 m2)
for children is the wide experience in pediatric nephrotic
syndrome which reported low incidence of infections and
of major complications and effects lasting sometimes even
one year, avoiding the need for vascular access and repeated
procedures, like in the case of plasmapheresis. Rituximab was
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CONCLUSION
In agreement with a recent systematic review performed
by the Cochrane group[34] to highlight the current trends
in immunosuppression in pediatric renal transplantation,
when we focus on challenging new frontiers for these
children, we still face an uncertain horizon. Newly proposed
drugs, including belatacept and alemtuzumab, carry
serious side-effects, and interleukin-2 receptor antagonists
remain the safest and effective agents for pediatric kidney
transplantation. The new steroid-free regimens can improve
growth and not hamper graft survival over a short followup, however, long-term outcome remains to be determined.
mTOR inhibitors, sirolimus and everolimus, are a promising
option for primary immunosuppression as CNI sparing
agents, however beneficial results on long term graft
survival are still to be proven. Desensitization protocols
are being performed, but benefits and harms are still to be
analyzed and long-term graft survival analysis studies are
needed.
In spite of these apparently non optimistic considerations,
the improvement of the short and long term results of
kidney transplantation in children have been so impressive
over the last decades, that we optimistically think that the new
frontiers presently representing a challenge will be achieved
in a few years as consistent point for further improving the

226

December 24, 2014|Volume 4|Issue 4|

Peruzzi L et al . Challenges in pediatric renal transplantation

outcome of kidney transplanted children.
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Female gender in the setting of liver transplantation
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determination, a quantifiable uneven access to transplant
prevails, demonstrating that other factors are also
involved. While some of the differences can be explained
from the epidemiological point of view, hormonal status
plays an important role. Moreover, the pre-menopausal
and post-menopausal stages imply profound differences
in a woman’s physiology, including not only the passage
from the fertile age to the non-fertile stage, but also the
loss of estrogens and their potentially protective role in
delaying liver fibrosis progression, amongst others. With
menopause, the tendency to gain weight may contribute
to the development of or worsening of pre-existing
metabolic syndrome. As an increasing number of patients
are transplanted for non-alcoholic steatohepatitis, and
as the average age at transplant increases, clinicians
must be prepared for the management of this particular
condition, especially in post-menopausal women, who are
at particular risk of developing metabolic complications
after menopause.
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Core tip: Gender differences play an important role in
liver diseases, their evolution and outcome, and in liver
transplantation, not only in terms of access to this resource,
but also in terms of graft survival, metabolic aspects, and
quality of life after liver transplantation. Not only gender
differences, are important, however, but clearly the different
hormonal status throughout a woman’s lifetime determines
many aspects not only regarding fertility and sexual issues
such as pregnancy, but also metabolic complications.
Notwithstanding this, decision-making algorithms regarding
indications, risk factors, and outcomes after transplant do
not yet incorporate many of these concepts that affect the
clinical practice.

Abstract
The evolution of liver diseases to end-stage liver disease
or to acute hepatic failure, the evaluation process for
liver transplantation, the organ allocation decisionmaking, as well as the post-transplant outcomes are
different between female and male genders. Women’s
access to liver transplantation is hampered by the use of
model for end-stage liver disease (MELD) score, in which
creatinine values exert a systematic bias against women
due to their lower values even in the presence of variable
degrees of renal dysfunction. Furthermore, even when
correcting MELD score for gender-appropriate creatinine
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scores > 15[5]. In fact, female gender, together with primary
non-function, fulminant hepatic failure, blood group O,
CTP ≥ 11 and MELD score ≥ 20 have been found to be
predictors of waiting list mortality[6].
A systematic bias against women, resulting in part from
the use of creatinine as a measure of renal function, has been
identified in MELD-based liver allocation. Women’s lesser
body (and muscular) mass determines lower creatinine levels,
one of the most important determinants of MELD score;
due to the employment of creatinine instead of weightadjusted glomerular filtration rate (GFR), the degree of
renal dysfunction is likely in women is likely underestimated.
Thus, MELD scores will be lower in women than in men
with the same degree of renal compromise, which inevitably
leads to a decreased access for women to LT[2]. Moreover,
attempts at correcting creatinine-induced MELD bias against
women by including estimated GFR have not improved
discrimination for 3-mo mortality after enrolment for LT[7].
Likewise, the accuracy of MELD score in predicting 3- and
6-mo mortality in female LT candidates did not improve
with the employment of the Modification of Diet in Renal
Disease formula[8]. Providing that renal function assessment
was adequately corrected for gender, a negative bias against
women would still remain, since women are more likely than
men to suffer from autoimmune liver diseases, including
primary biliary cirrhosis, which are less likely than hepatitis
C (HCV) to lead to kidney dysfunction and higher MELD
scores[2].
Moreover, aside from the inaccuracy of MELD score in
terms of renal dysfunction assessment in female patients, it is
well known that patients with certain pathological conditions
are poorly served by this score, including refractory ascites,
refractory encephalopathy, recurrent cholangitis, and
intractable pruritus in cholestatic diseases[9], the latter of
which encompass mainly women[10-12]. Nevertheless, some
of these conditions constitute symptom-based MELD
exceptions and are awarded extra MELD points[13].
On the other hand, standard exclusions to MELD,
which are more regularly applied, include the presence
of hepatocellular carcinoma (HCC)[14-18], which is more
common in men, further increasing the disparity of access
to LT. After the implementation of the Milan Criteria[14],
the number of LTs for HCC has increased worldwide and
currently in Europe about 27% of all LT patients have
HCC with countries peaking over 40%[19]. While exception
points have greatly improved access to transplantation for
HCC patients[20], recent studies suggest that the current
point scheme inadvertently prioritizes HCC over patients
without HCC diagnosis (non-HCC) by overestimating
the presumed risk of tumor progression[21,22]. Even more
vexing is the observation that even for equal MELD scores,
women are at a disadvantage with respect to men in terms
to LT access, suggesting that other factors must play a role
in the gender disparity documented for LT rates[7,23].

Rodríguez-Castro KI, De Martin E, Gambato M, Lazzaro S, Villa
E, Burra P. Female gender in the setting of liver transplantation.
World J Transplant 2014; 4(4): 229-242 Available from: URL:
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INTRODUCTION
It is ever clearer that gender differences play an important
role in liver diseases, their evolution and outcome, and in
liver transplantation (LT), not only in terms of access to
this resource, but also in terms of graft survival, metabolic
aspects, and quality of life after LT. Nevertheless, proposed
measures for correcting the systematic bias disadvantaging
women’s access to LT, and the gender variable itself, are
not yet fully incorporated into decision-making algorithms
regarding evaluation of indications, risk factors, and
outcomes in LT. The present review, therefore aims at
highlighting gender differences in diseases that lead to LT,
access to LT, and outcomes after transplant.

GENDER DISPARITY IN ACCESS TO LT
Sociodemographic determinants
Access to a life-saving resource such as LT has unfortunately
been hampered for ethnic minorities, women, and patients
of low socioeconomic status or inadequate insurance
coverage; in a study analyzing health care inequities that
prevent patients with end-stage liver disease from being
evaluated and waitlisted for LT, patients were less likely to
undergo evaluation, waitlisting and transplantation if they
were women, black and lacked commercial insurance (P <
0.001 each)[1].
This disparity of access to LT probably owes to several
factors, including body and organ size considerations,
differences in the etiology of the underlying liver disease,
and limits of the model for end-stage liver disease (MELD)
score, especially regarding creatinine levels[2].
MELD, MELD-related issues and non-MELD determinants
of access to LT
In the pre-MELD era, a study from the Organ Procurement
and Transplantation Network (OPNT) showed that female
sex was significantly correlated with longer stay on the liver
transplant waiting list and also with the risk of dying before
LT[3]. Unequal access to LT for women was unfortunately
perpetuated upon implementation of the MELD score for
organ allocation, however. In a study based on UNOS data
comparing pre- and post-MELD cohorts, women were
more likely than men to die or become too sick for LT
post-MELD [23.7% vs 21.4%; odds ratio (OR) = 1.30; P =
0.003] vs pre-MELD (22.4% vs 21.9%; OR = 1.08; P = 0.37).
Similarly, women were less likely than men to receive a liver
transplant within 3 years both pre-MELD (64.8% vs 67.6%;
OR = 0.80; P = 0.002) and post-MELD (39.9% vs 48.7%;
OR = 0.70; P < 0.001)[4]. Actually, organ allocation based
on MELD sore has further increased gender disparity, as
waiting list mortality risk has risen, particularly for MELD
WJT|www.wjgnet.com
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between January 1, 1988 until December 31, 2013[24], a search
for gender by diagnosis outlines several significant gender
differences: significantly more women than men underwent
LT for Wilson disease (410/47608 vs 326/78534, P < 0.0001),
primary biliary cirrhosis (4796/47608 vs 809/78534, P <
0.0001), drug-induced acute hepatic necrosis (748/47608 vs
295/78534, P < 0.0001), Budd Chiari syndrome 441/47608
vs 233/78534), autoimmune cirrhosis 3025/47608 vs
959/78534, P < 0.0001), cryptogenic cirrhosis (4245/47608
vs 5009/78534, P < 0.0001), and non-alcoholic steatohepatitis
(NASH) (1673/47608 vs 1875/78534, P < 0.0001).
On the contrary, significantly more men underwent LT for
alcoholic cirrhosis (11195/78534 vs 3227/47608, P < 0.0001),
alcoholic cirrhosis with HCV (4938/78534 vs 888/47608, P
< 0.0001), HCC (2768/78534 vs 899/47608, P < 0.0001),
HCC and cirrhosis (77555/78534 vs 2099/47608, P < 0.0001),
HBsAg + Hepatitis B (2778/78534 vs 651/47608, P < 0.0001),
and HCV (18187/78534 vs 8135/47608, P < 0.0001)[24].
Viral hepatitis
Several studies have demonstrated a differential effect of
gender on the outcomes of patients infected with HCV,
showing that in female patients, the natural history of
HCV virus infection tends to be characterized by slower
rates of progression to advanced liver disease, with better
response rates to antiviral therapy[25-28]. Moreover, overall
lower death rates for HCV-related liver disease as well as
lower rates of HCC are observed in female patients[29].
Regarding menopausal course of HCV-related liver
disease, however, recent studies have reported that the
reduced estrogen levels that characterize this state may
determine the accelerated progression to fibrosis and
higher rates of no response to antiviral therapy observed in
this subpopulation, especially in genotype 1 HCV-infected
patients[30-32]; a statistically significant increase of tumor
necrosis factor-α and interleukin-6 occur in menopause, and
these proinflammatory cytokines have been associated to
increased resistance to interferon-based therapy[33]. A higher
SVR rate with Peg-IFNα-2b plus ribavirin vs IFNα-2a plus
ribavirin has been documented in menopausal women,
which likely corresponds the former’s pharmacokinetic
properties that allow the drug to reach visceral fat and
oppose the increased cytokine production and enhanced
inflammatory status in menopause[34].
Regarding hepatitis B (HBV), although significantly
more men than women are transplanted for chronic HBV,
LT for fulminant HBV is significantly more frequent in
women[35]. As well, hepatitis E virus (HEV) is unfortunately
associated with disproportionately high rates of fulminant
hepatitis in pregnant women, particularly during the third
trimester, with case-fatality rates in epidemics ranging from
0.2%-4% in the general population, vs 10%-25% in the
pregnant population[36-38], possibly reflecting hormonal
changes that increase susceptibility to a more aggressive
course[39].

indications in many Western countries, with the increasing
worldwide prevalence of this entity[43], and with the advent
of new-acting direct antiviral agents, which will probably
contribute to decreasing the percentage of HCV patients
who necessitate LT.
In a study analyzing characteristics of patients referred for
LT evaluation due to NASH (n = 71) from 1998 to 2008, and
compared to the non-NASH possible candidates (n = 472)[44],
it was found that patients with NASH were older (58.7 years
vs 52.5 years, P < 0.0001) and more likely of female gender
(50.7% vs 32.1%, P = 0.003). As expected, NASH patients
were more likely to suffer from diabetes, hypertension,
obesity, and cardiac disease (P < 0.05). Moreover, for paired
MELD scores, NASH was associated with similar bilirubin
levels (2.34 mg/dL vs 3.16 mg/dL; P = 0.11), but significantly
increased creatinine values (1.26 mg/dL vs 0.98 mg/dL; P
= 0.0018) and lower international normalized ratio (INR)
values (1.14 vs 1.27; P = 0.04), in contrast with LT candidates
without NASH, respectively. This suggests that NASH is
associated with renal dysfunction, which is translated into
greater priority, as established by the MELD calculus.
Thus, MELD score in this setting might not truly
reflect liver dysfunction, but could be more directly
related to features of the metabolic syndrome, including
microvascular renal damage associated with diabetes and
hypertension. Therefore, the disadvantage posed to women
by creatinine’s weight in the MELD calculus formula might
be outweighed in the future, with increasing number of
patients being transplanted for NASH, most of them
being of female gender. However, the present state of the
matter is yet far from this scenario, as only 5%-8% of LT
are currently performed for this indication, and the time
needed for MELD’s disparity to be counterbalanced by this
theoretical female gender benefit is expectedly long[2].
Putting together all these data is especially concerning,
since women are generally more likely to have GFR < 60
mL/min per 1.73 m2 previous to LT with respect to men,
and the presence of this factor (OR = 3.28, P ≤ 0.001),
aside from female gender (OR = 2.96, P < 0.001) and
age (OR = 1.09, P < 0.001), has been demonstrated to
be independently predictive of stage ≥ 3 chronic kidney
disease (CKD) at 1 year post-LT[45]. In addition, this same
study demonstrated that female gender (OR = 2.52, P =
0.004), age (OR = 1.05, P = 0.003) and NASH (OR = 2.95,
P = 0.039) were independently predictive of ≥ stage 3
CKD at 5 years post-LT.
Considering, that NASH LT recipients are more
frequently women, that women’s renal dysfunction is not
adequately accounted for by creatinine measurement and
thus not well served by MELD score, together with the
fact that women are more likely to have compromised
renal function prior to transplant, and that this variable
predicts advanced CKD after LT, it becomes clear that
this population stands a particular risk and should be
addressed more carefully.

Non-alcoholic steatohepatitis
NASH has increased in frequency as indication for
LT[40-42], and is bound to become one of the principal

Autoimmune hepatitis
Differences in sex-hormone (estrogen and androgen)
modulation of the immune system may be responsible
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proportion[61], a slight female predominance has been
reported[62] partly reflecting the variable penetrance of
genetic mutations that cause this disease. More significantly,
however, neurological symptoms have been more frequently
associated with female gender (P = 0.051) and with an
acute, often fulminant course upon presentation when there
is hepatic involvement (P = 0.046)[63]. In a French study
analyzing medical records of 121 patients who underwent
LT for Wilson Disease, male gender, pre-transplant renal
insufficiency, non-elective procedure, and neurological
indication for LT were significantly associated with poorer
survival rate (P = 0.04) at univariate analysis. However,
none of these factors remained statistically significant on
multivariate analysis[64].

for gender variations observed in autoimmune disorders;
women have a significantly higher number of CD4+T
lymphocytes and a higher CD4+/CD8+ ratio than men[46],
secretion of interferon-γ (IFN-γ) and interleukin 10 (IL-10)
are enhanced after the addition of estrogen in T-cell
clones isolated from women[47], while androgens have been
demonstrated to inhibit the secretion of IFN-γ, IL-4, and
IL-5 in murine T cells[48].
Autoimmune hepatitis, characterized by progressive
inflammatory destruction of the liver parenchyma
associated with the presence of circulating autoantibodies,
hypergammaglobulinemia and interface hepatitis on liver
biopsy, is strongly preponderant in females (female/male
ratio is 3.6/1)[49]. Although corticosteroid treatment tends
to achieve transaminase normalization more frequently in
female patients[50], women appear to have worse long-term
survival than men[51].

Alcohol
Alcohol has been demonstrated to exert a more deleterious
effect in women and female animal models with respect to
males[65], which can partly be explained by lower levels of
gastric alcohol dehydrogenase in females, resulting in lower
alcohol threshold for women[66]. Moreover, acute liver injury
develops more rapidly and more extensively in women
than in men even for a smaller quantity consumed[67].
Ethanol has been demonstrated to increase TNF-α mRNA
expression and cause more severe acute liver injury in
females[68]. Interestingly, estrogens have a major influence
on Kupffer cell reactivity and proinflammatory cytokine
production, and this could constitute a major determinant
of women’s increased risk of alcohol-induced liver
disease[69].

Primary biliary cirrhosis
Primary biliary cirrhosis, a chronic cholestatic liver
disease characterized by immune-mediated inflammatory
destruction of the small intrahepatic bile ducts and fibrosis,
affects predominantly women with respect to men, with
incidence rates ranging from 3:1 to 22:1, with an average
incidence rate in women of 10:1[52]. Gender differences
also characterize the evolution of the disease: diagnosis of
PBC is usually established at a younger age in women (51
years in women vs 62 years in men)[53]. Women are more
likely to be symptomatic, and experience pruritus as a single
symptom more often than males, while jaundice, jaundice
with pruritus, and upper gastrointestinal bleeding are more
frequently manifested in men[54]. Some symptoms such
as severe daytime somnolence and depressive symptoms
seem to affect men and women in an equal proportion,
while autonomic symptoms seem to be more severe in
women[55,56]. The presence of concomitant autoimmune
disorders such as Sicca syndrome, overlap syndrome, and
autoimmune hepatitis, also determining a more aggressive
course and generally poorer response to therapy, is more
frequent in women, especially in those of Hispanic origin,
as has been recently demonstrated in a US cross-sectional
study [57]. Development of hepatocellular carcinoma,
however, seems to be more frequent in men[58]. Although
PBC entails a high risk of postmenopausal osteoporosis, it
seems to be more associated with the severity of chronic
liver disease, rather than specifically the PBC etiology[59],
and a recent Cochrane database systematic review reported
that in female patients with cirrhosis, hormone replacement
had no effect on all-cause mortality, fractures, liver-related
mortality, liver transplantation, liver-related morbidity,
serum bilirubin concentration nor lumbar spine bone
mineral density. On the contrary, hormone replacement
significantly increased the frequency of adverse events[60].

Drug-induced liver injury and gender
Different patterns of drug-induced liver damage between
males and females have been recognized both in humans[70] as
well as in animal models[71]. It has been reported that overall,
women have a 1.5- to 1.7-fold greater risk of developing
adverse drug reactions than men[72], and a prospective,
multicenter study based on intensive pharmacovigilance
confirmed a higher risk of acute adverse drug reactions
in women vs men[73]. Excluding behavioural or dosing
differences, there are three main hypotheses regarding the
mechanisms behind these differences, including: (1) different
pharmacokinetics between females and males; (2) genderspecific hormonal effects or interaction with signalling
molecules that may affect drug safety; and (3) differences in
aberrant immune response that targets the liver following
drug exposure that can result in adverse drug reactions[70].
Gender-based differences that may have an impact on drug
pharmacokinetics and subsequent toxicity include differences
in gastrointestinal blood flow, gastric acid secretion, relative
amount of circulating drug-binding proteins, relative
proportions of muscular and adipose tissue, renal blood flow,
gender-specific expression of cytochrome P450 (CYP450)
isozymes, as well as physiologic and hormonal changes
during the menstrual cycle, during pregnancy and after
menopause[74].
A study based on World Health Organization-endorsed
VigiBase™, the largest and most comprehensive database

Wilson disease
Although this autosomic recessive disorder characterized
by a wide spectrum of clinical manifestations should
theoretically be present in females and males in equal
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male and female patients[2]. A large study based on the
OPTN demonstrated that, controlling for region and
blood type, women were 25% less likely to undergo LT
in a given month in comparison with men (P < 0.001).
Including gender within the model increased the OR for
this variable to 0.84. Of this 25%, 9% was found to be
attributable to MELD score. Stemming from this study,
an additional 3% increase in the OR for gender (0.87, P
< 0.001) is imputable to estimated liver volume (mean
estimated liver volume was significantly lower for female
patients than for male patients on the LT waiting list, P
< 0.001), therefore partly explaining gender disparity in
LT rates[81]. Henceforth, even after accounting for MELD
score and estimated liver size, approximately half of the
25% gender disparity remains unexplained.
In fact, other relevant factors related to survival on the
waiting list for LT, such as the metabolic and nutritional status,
are not accounted for by the MELD score. Notwithstanding
the fact that in general women are characterized by less
muscle mass than men, this difference is furthermore
often not evaluated nor compensated for with adequate
formulas[82]. The standardized triceps skinfold thickness and
mid-arm muscular circumference determinations, which are
more adequate for evaluation of nutritional status than body
mass index in patients with ascites, were found to be lower
in female patients[83]. Moreover, in a recent study analyzing
pretransplant muscle mass on more than 300 LT recipients,
of whom 68% could have been defined as cachectic, in
female patients, muscle mass predicted intensive care unit
stay, total length of stay, and days of intubation, but did not
predict survival after LT (mean follow-up of 2.8 years)[84].
The impact of gender mismatch between donors and
recipients on the outcome of LT is still a matter of debate,
and may differ amongst deceased-donor LT (DDLT), livingdonor LT (LDLT), and pediatric LDLT. Lehner et al[85]
reported that gender mismatch does not play a role in the
outcome of LT. On the contrary, some studies have reported
on the negative impact of gender mismatch on graft failure,
specifically regarding male recipients who receive grafts
from female donors in DDLT[86-89]. Furthermore, a recently
published prospective study analyzing outcomes of 1042 LT
recipients demonstrated that graft survival in patients who
received an organ matched for their gender was better than
those receiving a gender mismatch (P = 0.047), and the worst
combination was female-to-male LT (P < 0.001)[90].
Regarding LDLT, a male recipient receiving a graft
from a female donor was shown to be an independent
risk factor for recipient mortality in adults[91], while in
pediatric LDLT, an interesting finding has been that
recipients of maternal grafts have reportedly lower rates
of graft failure and refractory rejection in contrast with
recipients of paternal grafts[92]. In the specific setting of
HCV infection, no difference has been observed in terms
of graft nor patient survival according to donor-recipient
gender matching[93].
Being smaller, female patients have a limited access
to the pool of available organs, and may have to wait
longer for organs of an appropriate size, since livers from

on global “Individual Case Safety Reports”, analyzed gender
and age differences in reporting of drug-induced hepatic
failure for a 10-year period (2000-2009). From a total of
6370 reports from 38 countries, and excluding missing
gender data in 379 cases, females accounted for 54.03%
of cases. The largest proportion of hepatic failure cases
corresponded to patients younger than 55 years (42.57%),
with a female predominance (56.81%), whereas gender was
almost evenly distributed in the group above 55 years of
age. Regarding drug types, there was a significant female
preponderance in hepatic failure associated with analgesics,
antiepileptics, anti-inflammatory and antirrheumatic agents,
antidiabetics, and antibacterials for systemic use, whereas
males were significantly overrepresented in hepatic failure
cases associated with antivirals[75].
Female gender is more frequently associated with
paracetamol overdose, which fortunately only in a fraction
of patients leads to acute liver injury and acute liver failure; in
a study from Iceland analyzing 1913 drug-related poisoning
episodes, of which 352 involved paracetamol overdoses,
the female/male ratio was 3.0, and the principal age group
was 16-25 years. However, amongst those who required
hospitalization, 16% were accidental overdoses and there
were no gender differences[76].
HCC
In spite of the striking preponderance of male sex
amongst patients with HCC, probably estrogens play a
very important role in liver carcinogenesis[77] and wild-type
vs variant estrogen receptors in the liver accurately predict
survival in patients with HCC[78]. If transplant centers
maintain the adopted trend of allocating nearly 17%-40%
of organs to patients who have HCC[19,79], women, whom
are listed for LT less frequently for this indication, will
have a reduced access to LT with respect to men, since
while men will have theoretically 100% of organs available,
women will have to “compete” against men for the
remaining organs allocated to non-HCC indications for LT.
Notwithstanding the fact that HCC affects men more
frequently, and that previous database studies had found
gender disparities favouring men in rates of LT in cohorts
of HCC patients only, a recent retrospective US database
analysis spanning 10 years and over 40000 patients[80]
demonstrated that women with HCC present less often
with decompensated liver disease (OR = 0.79, P < 0.001),
and are more likely to receive invasive HCC treatment,
with significantly higher rates of resection across different
ethnicities and diagnoses (OR = 1.34 and 1.44, P < 0.001).
In this study, univariate analysis showed that although
women have lower unadjusted rates of LT, disparity
resolves after controlling for other clinical and demographic
factors[80].

ISSUES OF SIZE AND GENDER IN
DONOR-RECIPIENT MATCHING
Liver donor size mismatch has been proposed as partially
accountable for the disparity between LT rates between
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pediatric donors are preferentially allocated to children
awaiting LT. Further increasing this disparity is the fact
that a small organ may be adequate for a large individual,
but the contrary is not always possible[2].
Interestingly, a Japanese study analyzing 114 LDLT
using parental grafts performed for recipients with biliary
atresia demonstrated that gender mismatch alone was an
independent risk factor for acute cellular rejection (P =
0.012), and paternal grafts with gender mismatch were
associated with a higher incidence of acute cellular rejection
with respect to maternal grafts with gender match (P =
0.002)[94]. The authors infer that maternal antigens may have
an important clinical impact on graft tolerance in LDLT,
which is in line with what was first hypothesized by Starzl et
al[95] regarding induction of tolerance by microchimerism,
and what has been demonstrated regarding non-inherited
maternal antigens and maternal microchimerism in blood
and various organs[96,97]. Exposure to maternal antigens, in
fact, may have tolerogenic effects on offspring, resulting
in acceptance or rejection of allografts expressing the
maternal antigens[98], although a functional linkage between
microchimerism and tolerance has been difficult to
establish[99,100].
Another factor that might play a relevant role in
gender-matching is the different hormonal array regarding
estrogens (and their receptors). Female-to-female matched
LT have been associated with a decreased risk of graft
failure with respect to male-male matched transplants,
but only for non-HCV female recipients[86]. In animal
models, a greater degree of hepatic lactic acidosis during
warm ischemia has been demonstrated to occur in females
with respect to males[101], which may provide a potential
metabolic explanation for the worse outcome in recipients
of female donors. However, the matter entails complex
aspects that have not yet been fully understood, and this is
reflected by the disparity in reports on the role of estrogens
in ischemia-reperfusion[102-105]. Apparently, females are more
susceptible to hepatic reperfusion injury, but experimental
data in the mouse model have shown that estrogens actually
reduce ischemia/reperfusion damage[106]. The mechanisms
for sex differences in the liver’s metabolic response to
ischemia do seem, however, to be estrogen-mediated, even
in the presence of male hormones[107].
However, again, not all of these differences may be
attributable to hormone status solely, but may actually represent
an immunological basis. Late-presenting nonanastomotic biliary
strictures after LT have been reported to occur more frequently
in female-male gender donor-recipient matches, as well as in
patients transplanted for primary sclerosing cholangitis, and
in patients in whom Roux-en-Y bile duct reconstructions
were performed[108], and while ischemia and preservation
factors seem to play a preponderant role in early-presenting
non-anastomotic biliary strictures, immunological factors are
the predominant factor in late-presenting non-anastomotic
biliary structures. Interestingly, the fact that immunological
processes are implied, does not rule out the fact that still poorly
understood linkages between hormones, hormonal receptor,
and immunological mechanisms exist.
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OUTCOMES AFTER LIVER TRANSPLANTATION IN FEMALE RECIPIENTS
Overall outcomes after LT, especially in the long-term,
are reportedly better in women[24] with respect to men.
A 20-year follow-up study of 313 LT recipients revealed
that, together with primary indication (P < 0.001), age
(P < 0.001), impaired renal function at 6 mo (P < 0.001)
and retransplantation (P = 0.034), gender (P = 0.017) had
a significant impact on patient survival[109]. The reported
protective effect of female gender in the development of
metabolic complications related to hyperglycemia[109] has
been confirmed in other series as well; a study based on
the OPTN/United Network Sharing (UNOS) database
including 19582 DDLT non-diabetic recipients (in whom
the incidence of new-onset diabetes after transplantation
(NODAT) has been established to be greater with respect
to LDLT recipients), demonstrated that male sex was a
predictor for NODAT, while this was not the case for
LDLT recipients[110].
After LT, de novo NASH or non-alcoholic fatty liver
disease (NAFLD) reportedly develop in 20% and 10% of
cases, respectively[92], while approximately 50% of patients
transplanted for NASH will experience recurrence[90],
with 5% to 10% of patients progressing to cirrhosis[91].
Importantly, menopausal status, which is associated with
weight gain and increased central fat mass[111], constitutes a
risk factor for developing NASH and metabolic syndrome;
in a long-term observational study spanning 12 years,
metabolic syndrome was a significant risk factor for
mortality in postmenopausal women compared to men and
premenopausal women[93].
Regarding renal function, as mentioned above, in a
recent study, female gender was found to be an independent
and significant predictor of advanced stages of CKD at 1
year post-LT (OR = 2.96, P < 0.001) and at 5 years postLT (OR = 2.52, P = 0.004)[45], and results from the MOST
study had revealed that 1-year GFR is significantly affected
both by HCV infection and recipient female gender (P <
0.01 for both)[112].
The impact of gender on outcomes after LT varies
according to the indication for LT. Along with recurrent HCC
(P < 0.001) and retransplantation (P = 0.01), female gender
(P = 0.002) has been significantly associated with worse
survival after LT for Hepatitis B, as shown in a multicener
US study pooling 738 LT recipients[113]. Concerning HCV,
post-LT recurrence is nearly universal[114-116], and female
gender has been described as a risk factor for severe HCV
recurrence and graft lost after LT, and the risk increases
with increasing donor age[86,117,118]. The important fibrosis
suppression effect of estrogens demonstrated experimentally
in animal models[119,120] is reflected in the clinically slower
fibrosis progression observed in women with respect to
men in chronic HCV[121,122]. However, most LT female
recipients are post-menopausal, and the lower estrogenic
levels associated with this state have been clinically associated
with higher degrees of fibrosis[30,123]. Although in immune-
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in women with advanced liver disease, and is frequently
characterized by menstrual irregularity, amenorrhea,
and infertility in nearly half of patients[141,142]. Etiologies
of chronic liver disease which more frequently affect
female patients, such as autoimmune hepatitis, may
worsen during the course of pregnancy, as most diseases
of autoimmune origin, with flares of disease activity
reported in 7%-21% and 11%-86% of women during
the gestational period and during the post-partum period,
respectively[141,143-146]. Although maternal outcomes are
generally favorable, pregnancy has been reportedly the
trigger for hepatic decompensation (leading to LT in some
cases) and maternal death (including liver-related death),
with fetal outcomes which are lower than those of the
general population, but comparable to those of other
autoimmune diseases[141,143-147]. In the study by Westbrook
and collaborators[147], of 81 pregnancies in 53 autoimmune
hepatitis patients, 41% took place in the context of cirrhosis,
and live birth rate was significantly lower within this
category. Furthermore, a serious maternal adverse event
(death or need for LT) during or within 12-mo of delivery,
or hepatic decompensation during or within 3-mo of
delivery, occurred with 9 pregnancies (11%) and was more
common in women with cirrhosis (P = 0.028), and patients
who experienced a flare in association with pregnancy
were more likely to develop hepatic decompensation (P =
0.01)[147]. As flares are more frequent in patients who are
not on therapy or who have had a disease flare in the year
prior to conception and, pre-conception counselling and
adequate gestational management are paramount.
In general, an elevated percentage of women are
sexually active after LT[148,149]. Approximately 70% of
transplant recipients in a study from Brazil were reportedly
sexually active after a median of 36 mo after successful
LT[150], whereas decreased libido and difficulty to reach
orgasm with intercourse has been described in 26% of
female LT recipients[151]. Successful LT restores menstrual
function in 97% of female patients, as well as childbearing
potential[152-154]. In general, LT leads to partial or complete
normalization of both levels of sex hormones and sexual
function within several months of LT[155], with nearly 48%
of women in their fertile age experiencing regular menses,
26% irregular bleeding, and 26% amenorrhea[153], while
more than 60% of peri-menopausal women reportedly
experience a higher frequency of menstrual pattern
disorders[156]. In the United States only, approximately 14000
women of childbearing age are currently LT recipients,
and another 500 women will undergo LT annually[24]. The
optimal timing of conception is still a matter of debate, but
waiting at least 1 year after LT is generally recommended[157].
Regarding immunosuppression, calcineurin inhibitors
and steroids can be used safely, while azathioprine
and mycophenolate mofetil have been associated with
increased toxic effects[158]. Pregnancy outcomes after LT are
acceptable in terms of the health of the mother and of the
newborn[159], and reportedly better in comparison to those
obtained after kidney transplantation, with significantly
lower rates of hypertension, preeclampsia, preterm

competent HCV-infected women menopause is per se
frequently associated with steatosis, which is an important
cofactor for disease progression[118,124], another hypothesis
is that women who require LT are the ones with genetic,
virological and immunological factors that determine a more
severe course of HCV-related disease, leading to LT, which in
turn progresses more rapidly after LT[117]. Moreover, female
gender has been shown to be an independent negative
prognostic factor for the outcome of HCV antiviral therapy
after LT[125]. Although male and female patients did not differ
in HCV viral load, histology, or rate of diabetes at baseline,
SVR was significantly lower in females than in males (29.5%
vs 42.1%; P = 0.03). Partly explaining this unfavorable
response rate, the authors found that compliance to therapy
was also significantly lower in women with respect to men
(43.4% vs 23.8%; P = 0.001), and that anemia was the main
reason for lower adherence. On multivariate analysis, female
gender (P < 0.04), early virological response (P < 0.0001),
and adherence to therapy (P < 0.0001) were independent
predictors for SVR[126].

SPECIAL ISSUES REGARDING LIVER
TRANSPLANTATION AND GENDER
Bone metabolism
Immunosuppressive medication is a major contributor
to osteoporosis in the post transplant period[127,128], and
post-menopausal women are at higher risk for developing
osteoporosis compared to women in the fertile age, as
a consequence of decreased serum estrogen levels[129].
The predominant deleterious effects of steroids on bone
metabolism include reduced bone formation by decreasing
osteoblast replication and differentiation, and increased
apoptosis[130,131]. Among calcineurin inhibitors, cyclosporine
has increase bone turnover[132], whereas tacrolimus may
cause less bone loss[133,134]. A prospective study evaluated
23 women who underwent LT, of whom 13% were perimenopausal and 56.5% were post-menopausal, finding
that in peri- and post-menopausal women, an inferior bone
mass was observed in 81.2% of patients: of whom 50%
diagnosed with having low bone mass and 31.2% with
osteoporosis. Moreover, the postmenopausal stage was
signiﬁcantly associated with a decreased bone mass (P <
0.0001)[135].
Risk of de novo malignancy
Aside from the risks concerning bone disease, immunosuppression
increases the probability of de novo tumors[136-138]; in a
multicentric Italian study showed that the risk for some
types of tumors was particularly and significantly higher
in women, specifically carcinomas of tongue, all tumors
of the oral cavity, and head/neck cancers[139]. In contrast, a
smaller study analyzing predictors of de novo malignancies
in 534 LT recipients, did not find gender to play a role[140].
Sexual life, fertility and pregnancy
Reproductive function is often severely compromised
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Table 1 Key points
Several factors contribute to the unequal access to liver transplantation that penalizes women, including inadequacy of MELD score in accounting
for renal dysfunction in females, the limitation of MELD score in reflecting the actual severity of liver disease and associated complications in certain
clinical conditions that are more frequent in women, and the centers’ increasing prevalence of policies that favor transplantation for hepatocellular
carcinoma, which is more frequent in males
Different etiologies of liver disease follow a characteristic pattern of gender-related frequency, natural evolution, and response to treatment, partly
owing to socioepidemiological factors as well as to phenotypical differences regarding enzymatic activity and hormonal status
Within the female population, a clear difference exists between the pre- and the post-menopausal stages, and after this turning point, the protective
effect of estrogens on slowing fibrosis progression, amongst others, is lost, causing an acceleration of hepatic injury, a detrimental response to therapy,
and the potential establishment of a new set of complications associated with altered fat and bone metabolism
Although long-term overall outcomes after liver transplantation are better in women, certain conditions such as renal dysfunction, hepatocellular
carcinoma as an indication for transplant and recurrent hepatitis C infection are associated with worse prognosis in women with respect to men
In spite fertility and sexual activity may be curbed in advanced cirrhosis, there are numerous reports of unaffected pregnancies in this stage, while
successful liver transplantation restores fertility and sexual activity in most patients, with pregnancy outcomes which are reportedly better in
comparison to those obtained after kidney transplantation
MELD: Model for end-stage liver disease.

generally favor children as recipients of small organs, and
men as recipients of large organs, conditioning a longer
waiting time for an organ in adult women.
Throughout a women’s life, profound hormonal
changes also determine the natural course of diseases; while
estrogens may protect against inflammation and fibrosis
during the fertile age, the post status takes a high toll on
disease progression both before and after LT, and may be
further complicated by obesity, NASH, NAFLD, and other
components of the metabolic syndrome. The above are
summarized in Table 1 (Key points). It is therefore ever
clearer that special attention should be paid to the integral
management of women during the different life periods, and
with respect to special situations regarding natural evolution
and risk factors for liver disease, as well as to those affecting
post-transplant outcome.

deliveries, and birth of neonates small for their gestational
age[160].
In a study from Vienna assessing 39 deliveries and 40
live births[161], the mean time from organ transplantation
to delivery was 67.6 ± 47.2 mo. A meta-analysis on 450
pregnancies in 306 LT recipients showed that although
the rates of pre-eclampsia (21.9%), caesarean section
delivery (44.6%), and preterm delivery (39.4%) were
higher than the rates for the US general population (3.8%,
31.9%, and 12.5%, respectively), the post-LT live birth
rate (76.9%) was higher than the live birth rate for the US
general population (66.7%), and the post-LT miscarriage
rate (15.6%) was lower than the miscarriage rate for the
general population (17.1%)[162].
Quality of life after liver transplantation
In a German cross-sectional, single-center study evaluating
the quality of life in 281 LT recipients[163], similar results
were observed between male and female subjects, whereas
in another study analyzing gender differences after HCVrelated LT, however, it emerged that male subjects score
significantly higher on physical role functioning and
physical activity compared with females, whereas women
had reportedly better quality of life compared to males
with regard to the emotional state and mental health 1-year
after LT[164].
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CONCLUSION
Important gender differences exist regarding etiologies
of liver disease, severity of the course of these diseases,
and on outcomes after LT. Unfortunately, access to LT is
still governed by an imperfect allocation system, currently
based on MELD score, which includes systematic biases
against women, and is also hampered by factors that are
not adequately taken into account by MELD score, doubly
penalizing female gender. A delayed access to LT waitlisting and subsequently to LT due to renal dysfunction
underestimation, is a determinant factor that has an
impact on post-transplant renal function as well. Being
generally smaller than men, organ allocation decisions
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Core tip: Basic and clinical science in solid organ transplantation
are continuously evolving. In this review we outlined the
most important innovative findings recently discovered.
The period of time chosen was 2013, but attention has
been paid to the outstanding conferences held in 2012,
but published in 2013, as well as to the conferences
and meetings held in 2013 but published in 2014.
We are aware that when this study will be published,
new interesting and relevant findings will have been
discovered. The science is flowing continuously,
nevertheless analyzing in depth a short period of time can
give useful information to the readers.

Abstract
Innovative and exciting advances in the clinical science
in solid organ transplantation continuously realize
as the results of studies, clinical trials, international
conferences, consensus conferences, new technologies
and discoveries. This review will address to the full
spectrum of news in transplantation, that verified by
2013. The key areas covered are the transplantation
activity, with particular regards to the donors, the
news for solid organs such as kidney, pancreas, liver,
heart and lung, the news in immunosuppressive
therapies, the news in the field of tolerance and some
of the main complications following transplantation
as infections and cancers. The period of time covered
by the study starts from the international meetings
held in 2012, whose results were published in 2013,
up to the 2013 meetings, conferences and consensus
published in the first months of 2014. In particular for
every organ, the trends in numbers and survival have
been reviewed as well as the most relevant problems
such as organ preservation, ischemia reperfusion
injuries, and rejections with particular regards to the
antibody mediated rejection that involves all solid
organs. The new drugs and strategies applied in organ
transplantation have been divided into new way of
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INTRODUCTION
Innovative and exciting advances in the clinical science in
organ transplantation continuously realize as the results of
studies, clinical trials, international conferences, consensus
conferences, new technologies and discoveries. This
review will address to the full spectrum of the news in
transplantation, that verified by 2013 and the key areas
covered for every organ as the organ transplant activity,
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the organ survival rates, the organ preservation and
allocation, the new immunosuppressive regimens, the
new immunological findings and the most important
complications following organ transplantation.
The organ procurement transplant network/scientific
report transplant recipients (OPTN/SRTR), the most
wide and extensive registry on transplantation, by the
end of 2013 published the complete data[1] concerning
organ transplantation for 2012 and allowed for several
considerations on the transplant activity. In particular,
in the 2013 report, for the first time, OPTN/SRTR has
undertaken to publish the worldwide transplant rates as part
of its annual data report[2].
This report found that the transplant counts and rates
vary among the countries around the world for different
reasons: (1) Differences in the rates of end-organ disease.
Country to country variability in the underlying incidence
of end-organ disease can be expected to affect the organ
transplant rate. However other factors undoubtedly play a
role in determining the transplant rates. For example the
incidence of end stage renal disease (ESRD) in Norway in
2009 was one third of the incidence in the United States.
Nevertheless, in 2010, the rates of kidney transplant were
similar in Norway and the United States, probably due to the
very high activity related to living donor that characterizes
the Norway; (2) Socioeconomic factors. There is a strong
correlation between the Human Development Index
(HDI) and the rate of deceased and living donor kidney
transplants among the world health organization member
states[3]. Similarly, the rates of liver transplant are lower in
the countries with lower HDIs; (3) Cultural differences. An
example is Japan that has a very high HDI, but lower rate of
kidney transplants; and (4) Thoroughness of the transplant
reporting, that varies by country.
Worldwide, use of living kidney donors varies widely,
from less than 10% to more than 75% The rates of liver
transplant have increased by more than 10% in several
countries and declined in very few countries. In the past
5 years, the lung transplant rates have remained stable.
The heart transplant rates changed little in the majority of
countries.

percentage of all donors who are SCD is on the decline and
there is an increase in Expanded Criteria Donors (ECD).
This shift could impact on the outcomes and more
research is necessary to improve the quality of organ used
for transplant and to optimize the use of a further expanded
donor pool.
A wide, retrospective study from Heaphy et al[6] confirms
this issue, as the donor quality has significant interactions
by race, primary diagnosis and age. Another study [7]
suggests that the judicious use of ECD kidneys may be an
appropriate strategy to expand the donor pool minimizing
the effects upon the outcomes.
Improving the organ cold storage by machine
perfusion (MP) has been proposed to improve the solid
organ outcomes. Especially in liver[8], heart and lung
transplantation[9], the MP seems to be a promising tool to
improve post-operative outcome, but a general evidencebased recommendation for or against on application of MP,
cannot be given due to the lack of highest level of clinical
evidence.
In addition to the above mentioned shift among
deceased donors, recently, at least in United States, a decline
in living kidney donation rate has been observed. This
decline is about 13% per year and is more pronounced
among blacks, men, younger adults, siblings and parents[10].
This fact warrants an action by transplant centers and
national governments, also because another wide study[11]
documented that the public is supportive of the living
donation and in favor of protecting the health and safety of
living donors.
A barrier to solid organ transplantation is often represented
by the pre-transplant presence of donor specific antigens
(DSAs) in the recipient sera. This fact is well known for
the kidneys but has clinical relevance also for liver, heart
and lung transplantation[12].
In such condition, for deceased donor kidney donation,
the technique of acceptable human leukocyte antigen (HLA)
mismatches has shown its efficacy. Two 2013 large studies
proved its transnational efficacy[13,14].
In the case of the living kidney donation the presence
of preformed antibodies may represent a relevant barrier to
transplantation. In kidney transplantation, this barrier may
be overcome by the network called kidney paired donation
(KPD). Originally conceived as simple two-way reciprocal
exchange between AB0 incompatible, KPD has evolved
to include complex, multicenter, discontinuous chains,
with transcontinental transport of kidneys. To date the
majority of the researches performed on KPD has involved
computer generated mathematical optimization algorithms.
Several 2013 papers confirm the effectiveness of such
network[15-17].

NEW INSIGHTS FOR DONORS
In 2012 the number of deaths eligible for organ recovery
for transplantation was lower than 2011 and 2010[4].
Similarly the mean number of organs transplanted per
donor in United States in 2012 was 3.02, lower than in
2011 and 2010. Numbers of hearts and lungs procured for
transplant but not used are smaller than the numbers of
kidneys, pancreas and livers because the former organs are
recovered only after the acceptance by the transplant center.
Data from OPTN/SRTR show that the number of
Standard Criteria Donors (SCD) have remained about the
same in United States and Europe, but there has been a
dramatic increase in older donors and organs classified
as donation after cardiac death. Overall, among deceased
donors there is an organ donor shift [5]. Indeed, the
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NEW INSIGHTS FOR KIDNEY
Main kidney related issues considered in 2013 publications
have been: the kidney and recipient graft survivals, the
impact and consequences of ischemia-reperfusion injury,
the antibody mediated rejection (ABMR) and the new
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techniques involved in rejection diagnosis.

death-associated molecular patterns and severe organ
damage. Interference with necroptosis (e.g., by necrostatin)
is more likely to be of clinical benefit in situations in
which the reperfusion damage can be anticipated as solid
organ transplantation.

Transplant activity and kidney graft survival
According OPTN/SRTR data, the shortage of kidneys
for transplant remains a major problem for patients with
ESRD. The number of candidates on the waiting list
continues to increase, while the organ donation numbers
remain flat[18]. Many kidneys recovered for transplant
are then discarded for organ related problems and the
discard rate is increasing. Living donation rates have
been unchanged for the past decade. For both living and
deceased donor recipients, the early post-transplant results
have shown ongoing improvement.
For the first time, the graft survival rates have been
systematically compared between Europe and United States.
Utilizing data from OPTN/SRTR for United States and data
from the Collaborative Transplant Study for Europe, the 1, 5
and 10-year graft survival rates have been compared among
Europeans and White, African and Hispanic Americans[19].
While the 1-year graft survival rate was similar, the 5 and
10-year graft survival rates were considerably higher for
Europe than for any of the three United States populations.
Differences increased beyond three to four years after
transplantation and these differences are not explained by
differences in baseline patient characteristics. Studies are
needed to identify factors contributing to the observed graft
survival differences. Previous studies have documented
that the limitations in access to immunosuppressive
medications[20,21] and related compliance[22] are important
determinants of long-term graft failure. Indeed, in the
past the extension of immunosuppressive coverage in the
US has shown to effectively reduce the income-related
disparities in graft survival[23]. An United States study in
2013 examined the impact of Community risk factors on
the kidney transplant outcomes[24]. The study documented
that community risks are powerful factors associated with
processes of care; and represent important considerations
for developing effective interventions.

Antibody-mediated rejection
Recent studies indicate that ABMR is among the most
important barriers to improving long term outcomes
principally in kidney transplantation, but in other solid
organs as well[31].
Additionally new knowledge in ABMR pathophysiology,
classification, diagnostic techniques and therapeutic
approaches has merged. While the new therapeutic
approaches will be described in the therapy chapter, the
other issues will be treated in this paragraph.
A relevant and new finding is that not only the donor
specific antibodies anti HLA (DSAs-HLA) are involved in
ABMR. The antibodies against other molecules[32,33] and also
polyreactive antibodies directed against apoptotic cells may
cause ABMR[34].
The antibodies cause graft damage by endothelial cell
injury mediated by the activation of complement. C4d
is a split product of C4 activation and is often present
on endothelial cells in ABMR. Sis et al[35] described that
60% of kidneys with high endothelial activation and
injury transcripts (ENDATs) and chronic ABMR were
C4d negative. A recent microarray study from Sellarés et
al[36] concluded that changes in ABMR-associated gene
expression correlates with the presence of capillary lesions
or of DSAs and may predict graft failure independently
of C4d staining. Taken together these observations point
to the low sensitivity of C4d for the diagnosis of ABMR
and support the addition of novel biomarkers of capillary
inflammation and endothelial injury, including natural
killer cells and macrophages, for the diagnosis algorithm
of ABMR [37,38]. This recommendation was officially
incorporated into the new Banff 2013 diagnostic criteria
for ABMR[39].
The 12th Banff conference on allograft pathology
was held in Comandatuba, Brazil in August 2013. The
conference led to the following conclusions in the field of
ABMR in renal allograft: (1) For acute/active ABMR the
following three features must be present for diagnosis, not
colon histological evidence of acute tissue injury, evidence
of current/recent antibody interaction with vascular
endothelium, serologic evidence of DSAs; (2) For chronic/
active ABMR the following three features must be present
for diagnosis, morphologic evidence of chronic tissue
injury, evidence of current/recent antibody interaction with
vascular endothelium, serologic evidence of DSAs; and
(3) C4d staining without rejection (often accommodation),
must include: linear C4d staining in peritubular capillaries,
no morphologic lesions by light microscopy and electronic
microscopy, no acute cell-mediated rejection.

Ischemia-reperfusion injury
The Food and Drug Administration (FDA) held an
open public workshop in September 2011 to discuss the
current state of science related to the effects of ischemic
reperfusion injury (IRI) on the outcomes in kidney
transplantations. The summary of the workshop has
been published in 2013[25]. The conclusions were that IRI
impacts on graft survival and a better understanding of
the underlying mechanisms is needed. Medical products to
impact on IRI are urgently needed, but their development
relies on both clinical and non-clinical researches. Also
qualification of biomarkers is essential to elucidate the
mechanisms[26].
Necroptosis in immunity and IRI have been principally
studied in 2013[27-30]. Pathways of regulated necrosis (RN),
an alternative to apoptosis have been recently described.
The best studied RN pathway, the necroptosis, is triggered
by perturbation of caspase-8-mediated apoptosis. In this
condition the necroptosome is assembled and quickly
leads to the necrotic-type cell death, release of the cell
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New techniques involved in rejection diagnosis
Bachelet et al[40] with a seminal work demonstrated that
DSAs detection in kidney allograft biopsy eluates is a
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Very recent data[49] confirm the excellent long-term
prognosis of SPK transplantation principally in recipients
with functioning graft 1-year after transplantation. Patients
who receive PTA or PAK grafts have shorter long-term
graft survival[50]. Multiple strategies are aimed to be applied
to improve immunologic surveillance and to obtain an early
diagnosis of the graft rejection in patients receiving PTA.
An interesting study[51] documented an improved patient
survival rate for recipients with diabetic end-stage renal
disease receiving SPK than that receiving kidney transplant
alone (KTA). ICTx remains a hot topic. The collaborative
islet transplant registry investigators[52] presented the results
of 752 islet allograft recipients with optimal and improving
insulin independence rate at 3 years.

feasible method to predict the graft outcomes. Indeed,
patients with intragraft DSAs displayed more severe
ABMR pathology and worse outcome than patients with
only DSAs in the serum. According to this work the
intragraft DSA detection is a new test to dichotomize HLA
antibodies into high and low injurious activity[41].
There are no doubts on the unmet medical need for
improvement of diagnostic of renal injury to allow a more
personalized therapeutic approach. Therefore, it is believed
that the opportunity lies in new technologies such as
molecular analysis, as messenger RNA (mRNA) and micro
RNA expression from biopsies or even from blood or urine
samples[42].
Two reports from the group of Edmonton in 2013
reported the results of molecular analyses of renal allograft
biopsies[43,44]. The first report aimed to develop a diagnostic
test for the T and B cell-mediated rejection by bootstrapping
from the pathology.
The main messages of this paper were: (1) A molecular
scoring was developed for diagnosis of rejection; (2) A
molecular classification is based on selected genes related
to immune cells and their activation products; and (3) The
study confirmed certain disagreements among pathologists
in applying the golden standard histopathology. In two
other studies[45,46] the scoring assessed by the microarray
test was validated by the INTERCOM study.
These papers revealed that a previously identified “acute
kidney injury signal” early after transplantation was also
present in the late kidney biopsies related to late T cell and
ABMR, but not to fibrosis.
The multicenter Clinical Trials in Organ Transplantation
04 (CTOT-04) study was designed to investigate whether
the urinary-cell mRNA levels encoding immune system
proteins implicated in transplant rejection are diagnostic
of acute rejection[47]. By logistic regression the authors
correlated a three-gene signature of CD3 ε mRNA,
IP-10 mRNA, and 18S rRNA levels in urinary cells with
allograft rejection. This study offers new insight into the
possible use of non-invasive diagnostic and prognostic
markers for the acute cellular rejection in kidney
allograft.

NEW INSIGHTS FOR PANCREAS AND
ISLET TRANSPLANTATION

Pancreas transplantation for type 2 diabetes mellitus
SPK is widely accepted as an optimal therapeutic option for
patients with T1DM and end-stage renal disease, but the
indication for patients with type 2 diabetes mellitus (T2DM)
is still controversially discussed. Indeed, there is continued
uncertainty as to whether to T2DM patients are appropriate
pancreas transplant candidates. In an editorial of 2012
Cohen et al[53] reviewed the most recent experience with
pancreas transplantation in T2DM.
Gruessner et al[54] summarized the united network
for organ sharing (UNOS) and International Pancreas
Transplant Registry and reported no differences in the
outcomes of patients with T2DM vs T1DM. Orlando et al[55]
also found equivalent outcomes, regardless of whether the
patients were classified as having T1DM or T2DM. Sampaio
et al[56] reviewing the UNOS database, reported similar
results even if T2DM represented only from 4.1% to 7.4%
of diabetic patients transplanted.
More recently, Margreiter et al[57] reported the outcomes
of 21 T2DM recipients receiving SPK and 32 T2DM
receiving KTA. Patient and kidney graft survival rates were
significantly lower for patients with KTA. The multivariate
analysis adjusted for donor and recipient age, body mass
index and coronary risk factors, showed that the differences
did not remain statistically significant. The authors
concluded that, according to the selection criteria proposed
by other groups[58], selecting T2DM with an acceptable
coronary risk profile and ageing not more than 55 years, is
useful to identify those patients that may have a benefit from
SPK.

Transplant activity and graft survival
Pancreas and islet cell transplantation (ICTx) confirmed
to be the best treatment for diabetes mellitus type I
(T1DM). According the OPTN/SRTR data, the number
of pancreas transplants has decreased over the past years,
most notably the numbers of pancreas after kidney (PAK)
and pancreas transplant alone (PTA)[48]. Deceased donor
pancreas donation rates have been declining since 2005 and
the donation rate remains low. The outcomes of pancreas
graft are better for simultaneous pancreas-kidney (SPK)
transplantation. The challenges of pancreas transplant
are reflected in the high rate of re-hospitalization, most
occurring within the first six month post-transplant.

ABMR in pancreas transplantation
ABMR is a recently identified entity. In a recent published
paper[59], risk factors for pancreas ABMR were PTA and
race mismatch. The diagnosis should be actively sought
using C4d staining and DSAs levels in patients with graft
dysfunction.
Preliminary studies have been presented at the already
mentioned 2013 Banff conference [39]. These studies
described the potential association of rejection-related
vascular lesions with ABMR. Other studies demonstrated
that immunostaining can enhance the understanding of
pancreas T cell mediated rejection and ABMR even if the
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Finally, the islet encapsulation has been the issue of a
very recent review[74]. Islet encapsulation allows the protection
of this tissue without the use of toxic medications and
expanding the donor pool to include animal sources. Before
the use of this therapy, there are still issues that need to be
resolved as the materials to be used, the shapes and sizes of
the capsules and the aspects of bioengineering.

accurate grade and type of rejection rests principally on the
systematic evaluation of morphological features on routinely
stained sections[60].
Islet transplantation
ICTx is a modality to treat selected diabetic patients. The
“Edmonton Protocol” became a milestone by reporting
sustained C-peptide production and high rates of insulinindependence after transplant in T1DM[61].
Long-term analysis of these results indicates that insulinindependence was not durable and most patients returned
to moderate amounts of insulin approximately 5-years postinfusion[62]. The causes for this islet graft dysfunction are not
completely understood, but are likely associated to several
factors as the immune rejection, the autoimmunity or the
chronic exposure to diabetogenic immunosuppressant[63].
In the last years relevant progress has occurred
testing new immunosuppressant, testing novel devices to
provide islets with a safer environments, as well as new
transplant sites to overcome the limitations inherent to
the current intraportal access[64-68]. The autoimmunity is a
limiting factor to the success of ICTx. In a recent study
Takita et al[69]. documented an early loss of transplanted
allergenic islets despite T cell depletion induction. The
authors concluded that the T cell depletion with antiinflammatory regimen can enhance engraftment and
survival; however, autoimmune recurrence by islet auto
antibodies, principally GAD65 may limit the results.
The revascularization of transplanted pancreatic
islets and the role of the transplantation site is another
important issue[70]. Indeed, pancreatic islets are highly
vascularized, which is important for their ability to secrete
insulin in response to changes in blood glucose. The islet
isolation process interrupts the connections between
the islet vasculature and the systemic circulation. As the
revascularization of the ICTx is not immediate, allocating
cells in proximity to a good vascular supply is essential.
A recent study proved the impaired revascularization
of pancreatic islets into the liver[71]. In addition, the
portal vein after islets injection undergoes instant bloodmediated inflammatory rejection (IBMIR) which results
in an early inflammatory reaction. Therefore, it is essential
to avoid this by either identifying a transplant site with
minimal interaction with blood or by protecting the
vascular grafts from IBMIR[70].
Among other sites, recent studies documented good
results with omentum and muscle. The peritoneum offers
an unlimited space for transplanted islets and is an attractive
site for concurrent use of encapsulated device to protect
the islets. A recent study[72] suggests the potential for
longevity of islets allocated in the peritoneal cavity. Muscleskeletal sites offer several advantages. They are easy to
access, offer substantial space in which to transplant cells
and are highly vascularized making them a very useful area.
In a recent study, mice islets were successfully transplanted
intramuscularly and the authors concluded that the early
hypoxia after transplantation could be overcome by coimplantation of polymerized hemoglobin[73].

WJT|www.wjgnet.com

NEW INSIGHTS FOR LIVER
Transplant activity and liver graft survival
According the OPTN/SRTR data, in United States the
number of adults who registered on the liver transplant
waiting list decreased for the first time since 2002.
However, the median waiting time for active wait-listed
adult candidates increased, as did the number of candidates
removed from the list because they were too sick to
undergo transplant[75]. Graft survival continues to improve,
especially for donation after circulatory death livers.
Since the first liver transplantation, short-term survival
has improved rapidly; however, long-term attrition rates
have not changed similarly[76]. In 2013 the first publication
of European single-center 20-year survival data have been
published[77]. The 20-year patient and graft survival rate of
313 patients has been reported. The 20-year patient and
graft survival rates were respectively 52.5% and 46.6%.
These results were better than two other single center
long-term survivals[78,79] and also than the 20-year survival
published by the European Liver Transplant Registry[80].
Impaired renal function and re-transplantation had
significant impact on patient survival and recurrent diseases.
Infections and de novo malignancies were the main cause
of death. Much work is needed to combat recurrent
disease and side effects of immunosuppressants.
The Japanese Liver Transplantation Society analyzed
the outcomes of 2224 pediatric patients who underwent
living donor liver transplantation[81]. No donor mortality
related to transplant has been reported and the 10 and
20-year patient survival rates were 82.8% and 79.6%,
respectively.
Primary disease impacts on the outcomes of liver
transplantation (LTx). A recent analysis of OPTN/SRTR[82]
documented an optimal short and long-term survival of
LTx for primary biliary cirrhosis; similar good outcomes
were reported for primary sclerosing cholangitis, nonalcoholic steatohepatitis and for hepatitis B virus (HBV).
The worst results (HR = 1.5-2.4) were reported for hepatitis
C virus (HCV) and hepatocellular carcinoma.
More than one-third of listed potential liver recipients
in many western and some Asian countries are infected
with the HCV. Recurrence of infection with HCV after
LTx is associated with accelerated graft loss and diminished
patient survival[83]. Until recently, HCV treatment has
been limited to the use of pegylated interferon alpha
(Peg IFN) plus ribavirin. In 2012 two direct acting antiviral drugs, boceprevir and telaprevir were licensed by
FDA for the treatment of chronic genotype 1 HCV[84,85].
The use of protease inhibitors (PI) based triple anti HCV
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New tools for rejection diagnosis
Current liver biopsy is the most frequent used technique
to evaluate allograft status and is the gold standard for
the diagnosis of the acute rejection after orthotopic liver
transplantation (OLT). As already described for the kidney,
plasma microRNA is now revealing to be a potential
biomarker for acute rejection after OLT[103,104].

therapy in LTx recipients, is complicated by the known
pharmacokinetic effect of the PI on cytochrome P450[86].
Nevertheless, promising small series of HCV recipients
treated by PI based triple therapy have been reported[87].
Future approaches rely on the possible use of prophylactic
neutralizing monoclonal antibodies to HCV[88].
Ischemia reperfusion injury
IRI is a major cause of morbidity and mortality in LTx.
After a transient ischemia, the restoration of blood flow is
necessary to restore cellular function, but paradoxically the
reperfusion can initiate a cascade of pathways that causes
further cellular injury after prolonged ischemia[89].
The lack of oxygen in hepatocytes during ischemia
causes adenosine 3 phosphate depletion and alterations
in H+, Na+ and Ca2+ homeostasis that activate hydrolytic
enzymes and impair the volume regulation, leading to the
swelling of sinusoidal endothelial cells and Kupffer cells
(KCs). This fact together with the imbalance between
nitric oxide and endothelin production, contributes
to the narrowing of the sinusoidal lumen and thus to
microcirculatory dysfunction. The activation of KCs
releases reactive oxygen species (ROS) and proinflammatory
cytokines (TNF alpha and IL 1). Cytokines and chemokines
promote neutrophil activation and subsequent release
of ROS and proteases. In addition, IL 1 and TNF alpha
activate CD4 T-lymphocytes which produce granulocytemacrophage colony-stimulating factor, IFN gamma and
TNF beta. Platelet-activating factor can prime neutrophils
for superoxide generation[90].
Several studies in 2013 evaluated different molecules
in attempt to attenuate the damage induced by IRI. The
most important studies in this field have been extensively
reviewed in the work of Akhtar et al[91]. Attempt to protect
IRI may involve several strategies and several pathways[92-95].
This issue will be described in the therapy chapter.

NEW INSIGHTS FOR HEART
Figures, characteristics and trends for heart
transplantation
According to the OPTN/SRTR data, in United States the
number of heart transplants performed annually continues
to increase gradually, and the number of adult candidates
on the waiting list increased by 25% from 2004 to 2012[105].
Heart transplantation (HTx) appears to be more expensive
than ventricular assist devices for managing the end-stage
heart failure, but is more effective and likely more costeffective.
By the end of 2013 the data of the Registry of the International
Society for Heart and Lung Transplantation (ISHLT) have
been published[106]. Cardiomiopathy in recent years has been
the leading cause for HTx, followed by coronary artery
disease (CAD). This trend has been particularly higher
in Europe and the rest of the world than United States,
reaching percentage of 57%-60%. Both recipient and donor
age statistically increased, as well as the percentage of patients
with pre-transplant panel reactive antibodies in the sera >
10%.
In the recent years a highly significant number of patients
bridged to transplantation with mechanical circulatory
support (MCS) have been registered. Nevertheless, should
be outlined that a better survival rate has been reported for
patients not on mechanical support prior transplantation.
A progressive and significant increase of Kaplan Meier
survival by ERA was reported except for the last two
years. Congenital diseases as primary disease attained the
best survival rate while re-transplants attained the worst.
Importantly long-term freedom from cardiac allograft
vasculopathy (CAV) was higher by ERA and by female
gender. The causes of death were stable in the last year
with prevalence of graft failure, followed by infections.
In 2013, the ISHLT Registry focused a peculiar study
on the relevance of age. Interestingly in the recent years, the
graft survival rate was not statistically influenced by recipient
age, except 18-39 years compared to 60-69 years. On the
contrary donor age had significant impact on the graft
survival. CAD was the leading cause of HTx for patients
aged 60-69 years (53%).
In the recent years an increase of both donor and
recipient age has been registered. The most striking variation
for elder patients has been observed as the percentage of
patients bridged with MCS. By 2012 almost 40% of patients
ageing 60-69 years were on MCS prior to transplantation,
while only 15% of patients had similar support by 2006.
Leading causes of death for patients ageing 60-69 years were
graft failure and infections. The elder patients had also more

DSA and acute and chronic liver rejection
The issue of the impact of preformed DSAs on LTx
has been a matter of discussion. Early clinical experience
showed no differences in patient or graft survival rate[96-98]
and DSAs were thought to be an integral part of tolerance
development. Later studies documented that patients
transplanted with a positive cross-match had an increased
risk of early graft loss[99-101]. However, since consistent
results are lacking, practice has not changed. In 2013, a
study from Kaneku et al[102], documented that patients with
LTx developing de novo DSAs after transplantation, had
significantly lower patient and graft survival rates.
The 2013 Banff conference[39] stated that currently,
recognized acute ABMR, occurs in small percentage of
sensitized patients and that DSAs can be associated with
more progressive fibrosis and an indolent progressive
perivascular and subsinusoidal fibrosis. The conference
concludes that high titer IgG3 recipients more often show
adverse consequences, whereas exclusively not IgG3/IgG1
DSAs appear in some operationally tolerant recipients
weaned from immunosuppression.
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allograft failure[116].
Nevertheless in the last Banff Conference[39] it was
observed that lacking of search for DSAs or C4d staining are
limiting factors to identify ABMR in heart transplantation.
While biopsies positive for C4d and C3d are strongly
associated with DSAs and allograft dysfunction and
represent true ABMR, biopsies only positive for C4d are
mostly subclinical. On a morphologic basis, is not possible
to designate the latter as accommodation vs subclinical
ABMR. Moreover there is also uncertainty about the
management of subclinical ABMR. To this end the
American Heart Association will be publishing a scientific
statement evaluating clinical and pathological evidence
regarding ABMR.
The ISHLT working formulation for the standardization
of nomenclature of ABMR in heart transplantation has
published a consensus paper by the end of 2013[117]. As
ISHLT itself recognizes is hard to date to make a definitive
statement on this issue and there remain numerous challenges
and unresolved clinical, immunologic and pathologic
questions. Moreover, there is no hard evidence of a direct
causality between ABMR and CAV, neither any systematic
study of antibody-dependent cellular cytotoxicity as an
alternative mechanism linking antibodies to CAV[39].

malignancies and after 10 years only 50% of patients were
free from malignancies.
Mechanical circulatory support
As aforementioned in recent years we observed an
impressive advance in MCS devices and, overall, newer
MCS devices are smaller and more reliable than the first
generation of technological devices. Increasing number of
reports conclude that in some cases of heart failure, the
devices may be used not only as bridges to transplantation,
but also as destination therapies[107]. A new device, the
Heart Ware Ventricular Assist System is a miniaturized
implantable continuous flow blood pump and in 332
patients in a pivotal bridge to transplant demonstrated a
high 180-d survival rate[108]. This and other mechanical
supports were examined in a recent paper[109] which led
to the conclusion that patients with mechanical support,
despite being older and less favorable recipients, spent
more time in status 1A and had greater waitlist survival.
In a systematic review, Sutcliffe et al[110] tried to evaluate
the clinical effectiveness and cost effectiveness of last
generation MCS as either bridge to transplant (BTT) or
alternative to transplant (ATT). The authors concluded
that MCS as BTT compared with medical management
are effective but with higher cost-effectiveness ratio. MCS
as ATT have a reduced cost, but cause reduced quality of
life. Considering the wide use of MCS, with the intent to
regularize its use, in 2013 ISHLT published the Guidelines
for the use of MCS[111].

Chronic cardiac allograft rejection: new insights
Several papers in 2013 have treated new findings on chronic
cardiac allograft rejection. A review by Costello et al[118]
recognized that chronic rejection in the form of CAV is
one of the major factors that affect the long-term graft and
patient survival. Whereas multiple factors (hyperlipidemia,
cytomegalovirus, baseline coronary artery disease)
contribute to the development of CAV, immunologic
mechanisms play the prevalent role.
Using the intravascular ultrasound (IVUS) to evaluate
intimal thickening, some recent studies have validated the
use of everolimus (EVR) with reduced-dose cyclosporine
(CsA)[119,120]. These studies documented a similar efficacy
of EVR with reduced-dose CsA to Mycophenolate Mofetil
(MMF) with standard-dose CsA and a reduced intimal
proliferation at 12 mo in de novo heart transplant recipients.
However, these studies have been criticized[121] both because
IVUS was made only in a subgroup of patients and because
IVUS was performed only at 1 year post-transplant.
Finally, the technique of optical coherence tomography has
been proposed to evaluate cardiac allograft vasculopathy[122].
This is a new technique to assess early morphologic changes,
but its clinical predictive value remains to be determined.

Prediction of mortality and cardiac allocation score
As a consequence of the aforementioned variables
impacting on heart graft survival, several attempts have
been made to evaluate the mortality prediction after heart
transplantation. In 2013 the Index for Mortality Prediction
after Cardiac Transplantation (IMPACT) score was validated
using international data[112]. This study validated the use of
the IMPACT score as a predictor of short- and long-term
mortality after orthotopic heart transplantation.
Other scoring modalities, in addition to the IMPACT
score, are the Heart Failure Survival Score, the Seattle
Heart Failure Model and the Interagency Registry for
Mechanically Assisted Circulatory Support. All these scores
were evaluated in a Eurotransplant pilot study for predicting
waiting list mortality among heart transplant candidates and
among transplanted patients[113]. In non MCS patients all
the scores provide accurate risk stratification. The authors
conclude that further studies are needed to reveal whether
these models should be considered the basis for a new heart
allocation policy.

NEW INSIGHTS FOR LUNG

ABMR in heart transplantation
Previous studies have documented that the presence of
de novo donor HLA specific antibodies after HTx is an
independent predictor of poor survival[114]. Similarly the
detection of Luminex positive DSA in pre-transplant
serum is a negative predictor of mortality[115] and also IgM
non HLA antibodies have been identified as a risk for early
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Figures, characteristics and trends for lung
transplantation
In United States lung transplants are increasingly used
as treatment for the end-stage lung diseases. Lungs are
allocated to adult and adolescent transplant candidates on
the basis of age, geography, blood type compatibility and
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an extensive study based on evidence-based reviews[131].
Unfortunately the authors conclude that the evidence base
that informs the decisions regarding lung size mismatching
is limited and composed primarily of small studies with
heterogeneous groups of patients.
Currently data are lacking to give the surgeons robust
guidelines to conduct decision making for size matching of
donors and recipients. Among the pre-transplant variables
that affect the survival after LuTx, markers of nutritional
status are associated with poorer recipient survival. A
recent paper[132] examined several variables associated with
the nutrition, including body mass index, body surface
area, albumin levels, total proteins and immunoglobulins.
Although no nutritional variables were found to be
associated with major post-operative complications or
infections, a low serum albumin (< 3 mg/dL) was associated
with increased risk of death. Even if the results of this study
differ slightly from others studies[133]; the body of literature
to date suggests that the nutritional status may affect posttransplant outcomes.
The LAS was developed in 2005 to reduce the mortality
on the waiting list, to prioritize candidates basing on
urgency, to minimize the role of geography and to
maximize the transplant benefit. In prioritizing patients with
the most urgent status, a new controversy has come into the
forefront: whether or not the increased number of critically
ill recipients maximizes the transplant benefit. Despite the
controversy, the LAS system is an improvement compared
with the traditional first-come, first-served system and it
has been adopted by UNOS and Eurotransplant[134]. A
recent review of the UNOS data[135] concluded that social
disparities in lung transplantation have decreased with the
implementation of LAS; however, gender disparities (in
favor of men) may have actually increased in the LAS ERA.

the Lung Allocation Score (LAS)[123]. The overall median
waiting time in 2012 was 4 mo, and 65.3% of candidates
underwent transplant within 1-year of listing. Both graft
and patient survival rates have continued to improve;
survival rates for recipients aged 6-11 years are better than
those of younger recipients. Similarly as for the heart by
the end of 2013 the data of the ISHLT Registry have been
published also for the lung[124].
Obstructive pulmonary diseases (COPD), interstitial
pulmonary fibrosis (IPF) and cystic fibrosis (CF) are among
the most common causes of LuTx. COPD represents one
of the most common indications for LuTx and accounts
for one/third of all the procedures[125]. Worldwide a recent
analysis of all the recipients reported that 23% had IPF and
3% pulmonary artery hypertension[126]. LuTx has become
an excellent treatment option for patients with CF and
bronchiectasis. In these patients survival is more favorable
than that seen in patients with COPD and IPF[127].
In recent years there has been a significant increase of
recipient’s age (24% ageing 60-65). As a consequence there
was an increase of patients transplanted for COPD, for
IPF and for re-transplantation. Though the patients with
COPD, IPF and re-transplant have the worst survival, an
increase of Kaplan Meier survival by ERA was registered.
Recently has been reported an increase of bilateral/double
LuTx with respect to single LuTx for all the primary
diseases. As double LuTx is associated with an improved
graft survival rate for any disease, this could be the cause
for the improved survival rate observed in recent years.
Among the side consequences of lung transplantation,
both a reduction in renal dysfunction and an increase
of hyperlipidemia and diabetes has been registered and
probably this fact is related to modification in the dose and
type of immunosuppressant[124].
Donor selection and extended criteria donors
The scarcity of suitable donor organs limits lung transplantation[128].
To overcome this problem, recently there was an increased
interest towards an expanded donor pool associated with the
techniques aimed to evaluate an improve donor lungs as the
availability of ex vivo lung perfusion (EVLP). The utilization
rate of these lungs changed from less than 15% to 50%. It
is now quite clear that many of the historical factors used
to define a lung as “Extended” do not actually produces
significantly worse outcomes.
In a review of the UNOS database[129], the outcomes
after LuTx using donors aged 55 to 64 years, were similar to
those observed with standard donors. In this review only the
donors aged more than 65 years were associated with the
decreased intermediate-term survival. In Eurotransplant in
2013 the Hannover center reported its results utilizing lungs
turned down for donor-related medical reasons by 3 centers.
The authors obtained excellent graft survival similar to the
standard lungs and concluded that the rescue allocation
donor lungs may be used safely and therefore salvaged for
the donor pool[130].

Primary graft dysfunction, ABMR and chronic allograft
dysfunction
Primary graft dysfunction (PGD) is a syndrome
encompassing a spectrum of mild to severe lung injury that
occurs within the 72 h after LuTx. In addition, PGD has a
significant impact on the short and long-term outcomes[136].
The pathogenesis of PGD is complex and influenced
by donor, recipient, technical factors and by different
combinations of all the above. PGD is driven by an
inflammatory response as well as by immunological (both
innate and cell mediated) processes[137]. Several strategies
have been investigated to prevent and treat PGD[138]. These
strategies will be discussed in the therapy chapter.
Allograft rejection is a major cause of a limited survival
rate in LuTx. Moreover, the acute rejection represents
the principal risk factor for chronic rejection[139]. Acute
cellular rejection (ACR) is defined as a perivascular or
peribronchiolar lymphocytic infiltrates primarily diagnosed
by bronchoscopic transbronchial biopsies [140]. ACR
involves several T-cell subtypes and several cytokines.
Data suggest a correlation between acute rejection and
effector memory T cells in LuTx and the measurement of
peripheral blood CD8+ effector memory T-cells before

New findings on recipients and LAS
The relevance of size-matching has been evaluated in
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LuTx may define the patients at high risk for ACR[141].
The study of Krustrup et al [142] documented the
association between the distribution of Tregs in the
transbronchial biopsies and the level of FoxP3 mRNA in
the bronchoalveolar lung fluid (BALF). This indicates that
Tregs may play a role in the cellular processes that affect
ACR and that looking for FoxP3 mRNA in BALF is a
reliable non-invasive method for evaluating the number
of Tregs in lung tissue.
Higher values of CXCL10 (IP-10) in BALF are
associated with ACR in LuTx suggesting a potential
mechanistic role in the pathogenesis of ACR[143]. These
results suggest that therapeutic strategies to inhibit CXCL10
(IP-10) and/or its cognate receptor (CXCR3) warrant
investigations to prevent and/or treat the ACR in LuTx.
Some retrospective studies conducted and published
in 2013 highlighted the relevance of ABMR in LuTx. In
one study[144] a clear association between DSAs, ABMR,
ACR, bronchiolitis obliterans syndrome (BOS) has been
documented. Another study[145] identified ABMR in 21
recipients basing on the presence of HLA-DSAs, the
histological evidence of acute lung injury, C4d deposition
and clinical allograft dysfunction. In this study the majority
of patients who recovered from ABMR, developed chronic
lung allograft dysfunction (CLAD) during the follow-up.
Due to the relevance of the syndrome, the Pathology
Council of the ISHLT elaborated the Consensus points
for pathologic diagnosis of pulmonary ABMR[146]. The
conclusions were: (1) The diagnosis of pulmonary ABMR
requires a multidisciplinary approach that includes the
presence of clinical allograft dysfunction, circulating DSAs
and pathologic findings; (2) The histopathology findings
in ABMR are non-specific patterns of injury that can be
seen also in disorders such as severe ACR, infection, graft
preservation injury and drug reaction; and (3) Positive
capillary C4d staining should be always reported.
The last Banff conference[39] reviewed the Pathology
Council survey and added that the early detection of DSAs
following LuTx and the systematic monitoring with sensitive
solid-phase platforms are recommended[147]. The overall
conclusions revealed that to date survival is poor after
ABMR but may improve with the rapid clearance of the
antibodies[145].
Important unanswered questions include: (1) How to
grade graft dysfunction; (2) What constitutes a significant
mean fluorescent intensity of DSAs; (3) How to manage the
patient in whom there is discordance between the criteria
enumerated; and (4) What’s about the non-HLA targets,
principally because, according many authors, the BOS is the
result of humoral response against non-HLA molecules[148].
CLAD continues to be the major limitation to long-term
survival[149]. Its pathogenesis is complex and involves both
alloimmune and non-alloimmune pathways. In particular,
acute damage to the allograft, including episodes of acute
rejection, PGD, cytomegalovirus (CMV), pneumonitis, gastro
esophageal reflux and early and late new-onset diffuse alveolar
damage have all been shown to increase the risk of CLAD[150].
BOS, characterized by obstructive physiologic changes,
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is the conventional form of CLAD. Increasing evidence,
however suggests that CLAD is a heterogeneous condition
and that BOS is not the only form of CLAD. While
BOS itself has been recently redefined as neutrophilic
reversible allograft dysfunction (NRAD)[151], Sato et al[152,153]
recently identified a type of CLAD who showed restrictive
physiology and peripheral lung fibrosis and named this
condition “restrictive allograft syndrome” (RAS). The
prognosis of RAS is poor and more severe than that of
NRAD.
As already mentioned the pathogenesis is multi-factorial
and recently has been documented that acute rejection,
lymphocytic bronchiolitis, colonization with Pseudomonas,
infection and BALF eosinophilia and neutrophilia are
risk factors for both RAS and NRAD [154]. Moreover,
immunologic factors as complement activation[155] and
the defensins have been implicated in the pathogenesis of
CLAD[156].

NEW INSIGHTS ON
IMMUNOSUPPRESSIVE THERAPIES IN
SOLID ORGAN TRANSPLANTATION
This chapter may be divided into two paragraphs: (1) Old
drugs recently revised and used in new strategies; and
(2) New drugs recently introduced on the market or still
waiting for their approval.
Old drugs recently revised and used in new strategies
The concept that the chronic loose of renal function
after kidney transplantation (KTx) should be ascribed to
chronic renal calcineurine inhibitors (CNIs) nephrotoxicity,
led to a number of trials attempting to avoid or withdraw
CNIs from the maintenance immunosuppression therapy.
With the exception of few trials all these attempts
documented that to date is not yet the time to give up with
CNIs[157]. Moreover, in 2013 a meta-analysis[158] has not
documented a favorable effect of CNIs reduction on kidney
function in HTx.
Many trials of CNIs reduction have been made
thanks to the use of mammalian target of rapamycin
inhibitors (mTORIs), a class of drugs devoid of CNIs
side-effects. Overall an analysis of 139370 United States
kidney transplant recipients documented that the complete
substitution of CNIs with mTORIs was associated to a
greater risk of allograft failure and death[159].
The use of mTORIs in LTx led to contradictory results.
In a phase Ⅱ prospective randomized trial[160] the use of
sirolimus with reduced dose of tacrolimus (TAC) in the de
novo liver transplant recipients was associated with higher
rates of graft loss, deaths and sepsis when compared to the
use of the conventional dose of TAC.
In the recent H2304 trial[161,162] liver transplant patients
randomized to EVR with TAC elimination showed
strikingly good renal function at 2-year post-transplant,
but this treatment group was terminated due to a higher
rate of acute rejections. However, there was no significant

251

December 24, 2014|Volume 4|Issue 4|

Salvadori M et al . News in transplantation

difference between the EVR and reduced TAC vs TAC
control group[163]. The study Preservation of Renal function
in liver Transplant recipients with Certican Therapy
(PROTECT)[164] documented that an EVR-based CNIfree immunosuppression is feasible following LTx and
the patients benefit from sustained preservation of renal
function when compared to patients on CNIs, for at least
three years.
The discrepancies between the results of H2304 and
PROTECT studies could be explained by the use of Il-2
receptor antibody only in the latter study and in the abrupt
TAC withdrawal in the former.
The contradictions in the use of mTORIs in LTx have
been examined in an editorial of Levitsky et al[165]. Probably
like any other drug with a narrow therapeutic window,
mTORIs must be used in the right amount, right time
period and right patient. Right amount is without a loading
dose and targeting moderate trough levels. Right time is
neither too early nor too late after LTx. The right patient is
the one who is at high risk to develop nephrotoxicity.
Several studies document the attenuation of cardiac
allograft vasculopathy by mTORIs. A study from Matsuo
et al[166] documented the usefulness of sirolimus in the case
of early initiation. As aforementioned, the recent most
important contributions in this field are the Eisen et al[119]
and Kobashigawa et al[120] studies.
They documented the efficacy of EVR with reduceddose CsA, similar to MMF + standard dose CsA. Patients
treated by EVR had reduced intima proliferation. Recently
the use of mTORIs in the treatment of lung transplant
recipients is an area of active investigation[167,168]. Newer
researches involving the use mTORIs or antimetabolites
have been made in the treatment and prevention of
BOS[169,170]. In a recent review[171], Borro highlights that one
of the advantages in LuTx is the administration of the
treatments via the inhalator route.
A randomized, prospective study of inhalator CsA vs
placebo documented significant improvements concerning
survival and BOS free interval[172]. Inhalator corticosteroids
have been suggested in the lymphocytic bronchiolitis, based
on the possible reduction of the airway inflammatory
markers[173].
Immune modulating and beneficial effect in LuTx
have been documented for the statins and Azithromycin.
Concerning statins, some groups have considered adding
such treatment on a systematic basis in the patients with
suspected or confirmed BOS[174]. Principally in patients
with an increased bronchoalveolar lavage neutrophilia,
azithromycin could prevent BOS, most likely through its
interactions with the innate immune system[175].
The finding of the relevance of DSAs in determining
ABMR and reduced graft function for any transplanted
organ led to search for new strategies in organ
immunosupppression. A systematic review[176] on the
induction therapy in HTx concluded that acute rejection
might be reduced by IL-2R antibodies compared
with no induction and by the antithymocyte globulin
(ATG) compared with IL-2R antibodies. Similarly, the
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depleting antibody induction has become the mainstay of
immunosuppression in pancreas TX[177].
In KTx the use of ATG is associated with a significant
reduction of DSAs and ABMR[178]. The Alemtuzumab
induction therapy obtains similarly good results in a
systematic review[179]. Further induction trials in the attempt
to prevent ABMR with rituximab are ongoing, including
the Rituximab Induction in Renal Tx (ReMIND) trial
(Clinical-Trials.gov No. NCT01095172)[180,181]. No result has
been obtained with Rituximab in the treatment of ABMR
as reported from a phase Ⅲ multicenter, randomized,
placebo-controlled trial (RITUX ERAH)[182].
New drugs recently introduced in the market or still
waiting for approval
Prevention and treatment of ABMR: Eculizumab,
the humanized anti C5 antibody is among the new drugs
recently used in the prevention of the ABMR in KTx. Its
efficacy was recently assessed in one study[183]. There is
an ongoing, multicenter, international, randomized trial
testing the role of eculizumab that may clarify its utility
(NCT00670774)[184].
Limited clinical trial evidence suggests that the
proteasome inhibitor Bortezomib may be useful to treat the
ABMR following KTx[185]. Agents targeting the B activating
factors belonging to the TNF Family (BAFF) pathway
which co-stimulates B cell survival and expansion are also in
the clinical development as atacicept and belimumab[186].
A further possibility in the field of ABMR is complement
inhibition by C1-esterase inhibitors. A trial studying the
safety and tolerability of the C1 inhibitor therapy in the
prevention of the acute rejection is now ongoing (Clinical
Trials gov NCT01134510).
New drugs in KTx: Belatacept, a fusion receptor protein
that blocks the co-stimulation pathway CD80/CD86CD28, was recently approved for the prevention of acute
rejection in KTx. In 2013 two papers reported the results
at 5 years of immunosuppression with belatacept +
MMF and steroids respect to standard CsA maintenance
immunosuppression[187,188]. Continued treatment with
belatacept was associated with a consistent safety profile
and sustained improvement in renal function vs CsA
overtime.
In a smaller study Kirk et al [189] documented the
feasibility of an immunosuppressive therapy in KTx with
belatacept only, without maintenance steroids or CNIs after
alemtuzumab induction. Another co-stimulation pathway
is the CD40/CD40L pathway. Humanized anti CD40
antibodies prevented the acute rejection and prolonged the
renal graft in non-human primates. In addition, these antiCD40 antibodies appear safe and effective as maintenance
immunosuppressive therapies[190,191]. To date 5 monoclonal
antibodies directed against CD40 have been studied
for different diseases including KTx (ClinicalTrials.gov
NCT01780844).
Alefacept is a recombinant LFA3/IgG1 fusion protein
that reduces the number of memory T cells. After its
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TNF alpha according Genoves et al[93].
Tiriveedhi et al [94] found a protective effect of
Bortezomib on IRI. This proteosoma inhibitor effectively
attenuates the IRI by inhibiting the matrix metalloproteinase
and the chitinase 3-like 1 (YLK-40) both involved in the
extracellular matrix deposition and fibrosis principally in
steatotic livers. The complement pathway is also involved
in the IRI and a recent and promising study in the mice[95]
documented that the C1-esterase inhibitor administration
attenuates the liver injury compared to controls.

successful use in psoriasis, a recent study evaluated the
efficacy of alefacept when combined with TAC, MMF and
steroids in renal transplant patients[192]. Six-month efficacy,
safety and tolerability were similar to control group, but the
trial was too short to draw conclusions.
Janus kinase (JAKs), are a cytoplasmic tyrosine kinases
that participate in the signaling of a broad range of cell
surface receptors. JAK3 inhibition by tofacitinib in KTx
trials in humans[193,194] have demonstrated tofacitinib to be
non inferior to CsA for rejection rates and graft survival,
however there was a trend towards more infections.
Sotrastaurin (AEB071) is a small molecular weight
immunosuppressant that blocks the early T cell activation
through selective inhibition of protein kinase C, crucial
for IL-2 and interferon gamma production. In a phase Ⅱ
trial[195] sotrastaurin at a dose of at least 200 mg/d + reduced
TAC had comparable efficacy to mycophenolic acid (MPA)
in prevention of rejection. In another phase Ⅱ study[196]
sotrastaurin + everolimus compared to CsA + EVR had
higher efficacy rates failure.

New drugs in LuTx: New drugs in the field of LuTx are
represented by pirfenidone and the C1 esterase inhibitor.
Pirfenidone, a small synthetic non peptide molecule
demonstrated a potent antifibrotic effect by inhibiting the
transforming growth factor beta (TGF beta) and TNF
alpha, important mediators of fibrosis and inflammation.
Its usefulness has been principally suggested in the lung
transplant patients with RAS[199].
Over the last few years, the development of innovative
techniques such as EVLP or the refinement in the
artificial support methods as Extracorporeal Membrane
Oxygenations also contributed to treat and redefine the
outcomes of patients with PGD. A very recent study by
Sommer et al[138] reported a trial with C1-esterase- inhibitor in
patients affected by severe PGD. The one year survival was
significantly higher than that of not treated patients.

New drugs in pancreas Tx and ICTx: In pancreas Tx,
after induction therapy the most widely used maintenance
protocols are based on TAC and MMF with steroid
withdrawal[197]. Considering the recent documented negative
impact of DSAs on pancreas Tx, whether promising
novel agents such as sotrastaurin, tofacitinib, belatacept,
bortezomib or eculizumab will prove to be beneficial for
pancreas Tx requires further investigations.
A long-term insulin-independence after ICTx was
documented in 10 patients adding efalizumab or belatacept
to the standard immunosuppression[64]. In another study[65]
efalizumab was compared to belatacept and has been
documented that efalizumab increases percentages of
the circulating Tregs and profoundly suppresses T-cell
reactivity, thus promoting the transplantation tolerance.
Combining anti-inflammatory biologics to maintenance
immunosuppression has led to improved success rate.
Naziruddin et al [66], adding etanercept (TNF alpha
antagonist) to immunosuppression obtained protection
from inflammatory reaction during the peritransplant
period. The same authors obtained an even better protection
adding Anakinra (IL-1 beta blocker) to Etanercept[66].
Another group obtained excellent results adding Reparixin
(CXCL8 inhibitor) to the immunosuppressive therapy[67,68].
The stabilization of Glucagon-Like-Peptide-1 (GLP-1)
by inhibiting Dipeptidyl Peptidase Ⅳ by sitagliptin
increases beta cell mass by modulating vascularization[198].
To date two official trials are ongoing on the effect of
sitagliptin (NCT00853944 and NCT01186562).

NEW INSIGHTS ON TRANSPLANT
TOLERANCE
One of the hallmarks of the adaptive immune system is
its ability to recognize a vast number of different antigens.
This ability is a consequence of the large lymphocyte
repertoire, in which each cell has a different antigen receptor
generated by the process of somatic recombination. This
process is able to produce an estimate of 1015 different
lymphocyte clones, each with a different antigen receptor
that can hypothetically recognize any naturally occurring
structure[200]. Since the somatic recombination is a random
process, it generates T cell clones that can recognize selfstructures or self-peptides (auto antigens). The mechanism
used by the immune system in order to avoid a possible
harmful immune response against an individual’s own cells
and tissues, is known as the immune tolerance and can be
classified into central and peripheral tolerance.
Immune tolerance in transplantation is defined as a
specific absence of a destructive immune response to a
transplanted tissue without immunosuppression. Operative
criteria are the complete withdrawal of immunosuppression
followed by no evidence for rejection for the transplanted
organ for over one year. In humans is characterized by
specific in vitro non-responsiveness to the donor.
Induction of tolerance differs according the transplanted
organ. Indeed, although up to 20% of liver transplant recipients
may be successfully withdrawn from immunosuppression[201];
operational tolerance to renal allograft appears to be much

New drugs in LTx: In liver transplantation new drugs
have been principally used to protect the IRI. Attempt to
protect the IRI may involve several strategies and several
pathways[92-95]. Elias-Miro et al[92] evaluated antioxidant
strategies to reduce the oxidative stress. The positive
Pentoxifylline effect seems to be related to the inhibition of
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less frequent. In a recent review, Ruiz et al[202] reviewed the
new strategies to induce the long-term acceptance to organ
transplantation. These include: (1) Mixed chimerism as a strategy
to induce allograft tolerance; (2) Dendritic cells and Regulatory
Macrophages; (3) Exosomes and Phagosomes as tools for
alloantigen delivery; (4) Apoptotic cells; (5) Regulatory T cells;
and (6) Mesenchimal Stromal/Stem cells.
In the recent American Society of Transplantation
(AST) Cutting Edge of Transplantation meeting, held in
Arizona (US) February 13th-15th 2014, the best approaches
to induce renal allograft tolerance have been reviewed. They
are principally two: (1) Tolerance through induction of
durable chimerism. In HLA disparate patients the protocols
to date principally used are the Massachusetts General
Hospital and the Northwestern University protocols; and (2)
Immunomodulation through use of donor hematopoietic
stem cells, as the Northwestern University protocol.
Mixed chimerism is defined as the coexistence of
donor and recipient hematopoietic cells after allogeneic
bone marrow transplantation (BMT). To be considered
mixed chimerism, donor cells in the blood must represent
more than 1% of the total cells. To induce a state of
mixed chimerism, it is necessary to perform a conditioning
treatment in order to allow the donor bone marrow
acceptance. Currently used mixed chimerism protocols
induce robust donor-specific tolerance and allow longterm acceptance of fully mismatched skin grafts in murine
models[203].
Recently Kawai et al[204] reported the results of a study
of combined kidney and bone marrow transplantation
without maintenance immunosuppression. The conditioning
regimen consisted in cyclophosphamide, thymic irradiation,
antiCD20 monoclonal antibody and an 8 to 14 mo course
of CNIs.
The major problems encountered with these protocols
have been “the engraftment syndrome” which causes
transient renal dysfunction[205] and the occurrence of low
levels of DSAs after discontinuation of immunosuppression.
To overcome the engraftment syndrome, the authors have
considered the use of low-dose total-body irradiation rather
than cyclophosfamide as preconditioning treatment. DSAs
occurrence caused an increase of anti CD20 administration.
As myeloablative conditioning is not ethically accepted due
to the high risk involved in this type of conditioning, non
myeloablative conditioning has emerged as an alternative
to induce tolerance through mixed chimerism. Using a
simultaneous bone marrow and kidney transplantation
and a preconditioning protocol consisting in the costimulatory blockade with anti CD154 antibody, Kawai et
al[206] and Wekerle et al[207] achieved the establishment of
mixed chimerism in non-human primates. Later on, Kawai
et al[208] reported tolerance induction using pharmacological
immunosuppression and thymic irradiation. The main
obstacle remains the presence of the memory T cells that
can cross-react with alloantigens[209].
Other immunomodulatory cells with a high potential
in future therapies in transplantation are hematopoietic
mesenchimal stem cells (MSCs). It is well known that
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bone-marrow derived MSCs have the capacity to migrate
to inflammatory sites and regulate the function of most
immune cells through direct contact and/or by cytokine
secretion[210].
Leventhal et al [211] developed an approach using a
bioengineered mobilized cellular product enriched for
hematopoietic stem cells (HSC) and tolerogenic CD8
positive/T cell receptor (TCR) - graft facilitating cells (FCs),
combined with non-myeloablative conditioning. This allows
the engraftment, a durable chimerism, and the tolerance
induction in highly mismatched related and unrelated donorrecipient pairs.
The same author[212] reported in 2013 an intermediateterm follow up of this phase Ⅱ trial. All 20 patients
demonstrated donor specific hypo-responsiveness and were
weaned from full-dose immunosuppression. Complete
immunosuppression withdrawal at 1 year was successful
with durable chimerism in the majority of patients. No graft
vs host disease or engraftment syndrome has been reported.
In all the cited studies a predictive biomarker for success
vs failure in weaning immunosuppression has not been
reliably identified and validated so as to be used as a tool to
discontinue immunosuppression.
Leventhal et al[213] documented that durable chimerism
predicts the outcome. Moreover, the immune/inflammatory
gene expression in the peripheral blood and urine were
differentially down regulated between tolerant and non
tolerant recipients. As aforementioned memory T cells
(Tm) represent a major barrier for immunosuppression and
tolerance induction after solid organ transplantation. Taking
into consideration the critical role of the intrinsic apoptosis
pathway in the generation and maintenance of Tm, Cippà et
al[214] developed a new concept to deplete alloreactive Tm by
targeting B Cell Lymphoma-2 (Bcl-2) proteins. The smallmolecule Bcl-2/Bcl-XL inhibit ABT-737 efficiently induced
apoptosis in alloreactive Tm in vitro and in vivo and prolonged
skin graft survival in sensitized mice. Since Bcl-2 inhibitors
yielded encouraging safety results in cancer trials, this novel
approach might represent a substantial advance to prevent
the allograft rejection and induce tolerance in sensitized
recipients.
The mechanisms above mentioned to induce
tolerance are almost the same for the liver, even if the
liver has particular tolerogenic properties that allow its
being spontaneously acceptable in some animal species.
The liver structure is considered to favor a tolerogenic
environment. Indeed several studies demonstrated that
the liver capacity to induce tolerance partly results from
the in situ T-cell activation. The hepatocytes, as nonprofessional antigen presenting cells (APCs), may play key
roles in regulating the immune responses and facilitating
tolerance induction[215]. Warren et al[216] documented that
the intrahepatic lymphocytes and the circulating naïve
CD8+ cells could interact with the hepatocytes by means
of cytoplasmic extensions capable of going through the
liver sinusoidal endothelial cells fenestrations. This local
activation of T cells by the hepatocytes provides the latter
with a significant role as APCs and induces tolerance
development in the liver[217]. The peripheral tolerance
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52% performed NAT for HIV and HCV. Moreover, respect
to a previous survey made in 2008[226], the number of OPOs
performing NAT has increased and more OPOs are now
testing all donors.
In 2013 the PHS published new Guidelines for
reducing HIV, HBV and HCV transmission through
organ transplantation[220]. These Guidelines superseded
the 1994 PHS Guidelines[227]. Most significant changes are:
(1) Expanding the Guideline to include HBV and HCV in
addition to HIV; (2) Using factors known to be associated
with an increased likelihood of recent HIV, HBV or HCV
infection; and (3) Limiting the focus to organs and blood
vessel conduit recovered for organ transplantation because
the FDA implemented more comprehensive regulations
for human cell and tissue products[228].
These guidelines include 34 recommendations on risk
assessment of living and deceased donors; informed consent
discussion with transplant candidates; testing of recipients’
pre and post transplant, collection and/or storage of donor
and recipient specimens and tracking and reporting of HIV,
HBV and HCV.

mechanisms also play a role in liver graft spontaneous
tolerance. As for kidney, also for the liver the most
significant mechanism in the tolerance induction is the
chimerism[218]. In humans BMT-induced mixed chimerism
has been shown to confer the acceptance of donor
liver allograft without long-term immunosuppression.
However, recipients must be able to withstand the
conditioning regimens that allow donor stem cell to
engraft.

NEW INSIGHTS ON MAJOR
COMPLICATIONS IN TRANSPLANTED
PATIENTS: INFECTIONS AND CANCERS
Infections
Infections post solid organ transplantation (SOT) is
one of the more important complications. In 2013
many papers have been published on this topic. Among
these, the most relevant, in our opinion are: (1) The
publication of the third Edition of the American Society
of Transplantation on Infectious Disease Guidelines[219];
(2) the publication of the Public Health Service (PHS)
Guidelines for Preventing Transmission of Human
Immunodeficiency Virus (HIV), HBV and HCV through
organ transplantation[220]; (3) the International Consensus
Guidelines on the Management of CMV in SOT[221];
and (4) an overview on CMV and the Herpes Viruses in
transplantation[222].
Two main factors increase the risk for transplanted
patients for infections following transplantation: (1) Risk
related to the continuous expanding pool of marginal
donors; and (2) Risk related to the requirement to increase
immune suppression to treat rejection after SOT. In
particular the use of antilymphocyte preparations and
many of an increasing diverse list of biologic agents have
been associated with an enhanced risk of infection[223].
Overall the risk factors that predisposes to infections in
the recipients of SOT may be categorized as being present
before transplant within the recipient and those secondary
to intraoperative and post-transplant events[224]. Organ
transplant recipients are at risk of acquiring pathogens
from donors with active or latent infections at the time of
the procurement. Examples of pathogens associated with
expected donor-derived infections include CMV, Epstein
Barr Virus and Toxoplasma. Of greater concern is the
development of unexpected donor-derived infections from
a growing number of pathogens, including Mycobacterium
tubercolosis, Histoplasma, West Nile virus, HBV, HCV and
HIV.
Although OPTN policy requires that all potential
deceased organ donors are screened for HIV, HBV and
HCV by serology, no current policy requires the use of
nuclear molecular acid testing (NAT) for donor screening.
In 2013 an electronic survey was sent to 58 Organ
Procurement Organizations (OPOs) in the United States
to assess the current screening practices[225]. All OPOs
performed the required serology screening, even if only
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Studies on specific pathogens
The human BK polyomavirus is the major cause of
polyomavirus-associated nephropathy (PyVAN). Because
effective antiviral therapies are lacking, screening kidney
transplant patients for BKV replication in urine and blood
has become the key recommendation to guide the reduction
of immunosuppression in patients with BKV viremia.
Retransplantation after PyVAN is largely successful, but
requires close monitoring for recurrent BK viremia[229].
Sood et al[230] evaluated the relationship of pre-transplantation
BK virus-specific donor and recipient serostatus to posttransplant BKV infection. Overall infection was highest in the
D+R-group and lowest in the D-R-group. BKV serostatus
may be used to risk stratify patients for post-transplantation
infection.
CMV remains one of the most common complications
affecting SOT, with significant morbidity and occasional
mortality. In addition to the direct effects of CMV infection
and disease, there are indirect effects, both general and
transplant specific, which may significantly impact the
outcomes.
An international panel of experts was convened by late
2012 to revise and expand evidence and expert opinion-based
consensus guidelines. The reports of such recommendations
have been published in 2013[221]. Viral culture of blood or
urine has a very limited role for the diagnosis of the disease.
Histology/immune-histochemistry is the preferred method
for diagnosis of tissue-invasive disease. Quantitative nucleic
acid amplification testing (QNAT) is preferred for diagnosis,
decision regarding pre-emptive therapy and monitoring
response to therapy. If QNAT is not available, antigenemia
is an acceptable alternative.
Both universal prophylaxis and pre-emptive strategies are
viable approaches for the prevention of CMV disease. For
D+R- the use of either prophylaxis or pre-emptive therapy
after kidney and liver transplant are recommended. For
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rejecting organs from donors with a previous history of
melanoma and lung cancer, but suggest that the use of
donor kidneys with a history of small, incidental renal cell
cancer may be reasonable.
At the 2013 American Transplant Congress (ATC),
Desai et al[236] analyzed data from 30000 recipients of SOT
from more than 14000 donors in the National Transplant
Registry (NTR) in the United Kingdom to determine
whether the risk of cancer transmission from organ donors
could be eliminated.They found a very low rate of donororigin cancer: only 0.6%. The risk of cancer transmission
cannot be eliminated because the presence of cancer was
not known at donation. This finding is useful to obtain
an informed consent for prospective recipients, but in
transplants other than kidney and pancreas, the benefits
should be planned against the risk of remaining on the
waiting list.
In another study the same group looked at donor
transmission in a different way, linking donor data to
the cancer registries, to determine the risk for donor
transmission to the recipients analyzing more than 17000
donors[237,238]. More than 200 (about 1.5%) had a cancer
history. Although 61 of these donors were at high risk for
transmission, none transmitted their cancer to any of the
recipients. These data raise the question about whether
we are being too strict and losing potential donors. To put
this in context, the death rate on the waiting list is 5% to
15% per year compared with this very low rate of donor
transmission of cancer.
At 2013 ATC, Engels et al[239,240] analyzed data from the
SOT registry in the United States to link donor organs to 15
cancer registries. They concluded that recipients of donors
with the cancer did not have significantly increased incidence
of cancer compared with the recipients whose donors did
not have cancer.

D+R- the use of prophylaxis over pre-emptive therapy after
heart and lung Tx is recommended. When a pre-emptive
therapy strategy is used, it is recommended that the centers
develop and validate their local protocol[231]. For non-severe
CMV disease, Valganciclovir or intravenous Ganciclovir are
recommended as first line treatment, while dose reduction
of immunosuppressive therapy should be considered in
severe CMV disease.
CMV vaccines are in preclinical, phase Ⅰ and phase
[232,233]
trials
. The primary goal of a CMV vaccine should
Ⅱ
be to prevent or to modulate CMV replication and/or
CMV disease. Herpes viruses infect most animal species.
Infections due to the eight human herpes viruses (HHV)
are exacerbated by immunosuppression in SOT. The special
features of the herpes virus life cycle include the ability
to establish latent, non-productive infection and the lifelong capacity for reactivation to productive lytic infection.
Interactions between the latent virus and the immune system
determine the frequency and severity of symptomatic
infection. In an overview Fishmann[222] reports how the
immunologic and cellular effects of herpes virus infections
contribute to risk for the opportunistic infections and the
graft reactions. Among the most important advances in
transplantation are laboratory assays for the diagnosis and
monitoring of herpes virus infections and antiviral agents
with improved efficacy in the prophylaxis and therapy.
HCV infection is common in SOT recipients and
is a significant cause of morbidity and mortality after
transplantation. The severity of HCV infection in liver
transplantation has been already discussed in the liver
chapter. Carbone et al[234] reviewed the extent of the problem
in donors, kidney, heart and lung transplant candidates.
In HCV-infected kidney allograft recipient, the
progression of fibrosis should be evaluated serially.
Transplantation of kidneys from HCV positive donors
should be restricted to HCV positive recipients. HCV
antiviral therapy should be considered for all HCV-RNA
positive kidney transplant candidates. The impact of HCV
infection on survival in heart and lung transplantation
is unclear but even assuming a worse survival in those
receiving HCV-infected organs, it has not been evaluated
whether they do better or worse than those remaining on
the waiting list.

Risk of recurrence of preexisting cancer in organ
recipients: Again Desai et al[241] analyzed data from NTR
in United Kingdom on the issue of the recurrence of a
preexisting cancer in an organ transplant recipient. They
identified 64 (1.32%) recipients with a history of cancer
diagnosed before organ transplantation.
Five recipients developed cancer recurrence and the rate of
recurrence within 10 years was 11.9%. This study is interesting
because data on this topic are sparse, and it’s increasingly
become a problem for nephrologists as the ESRD
population ages and the burden of co morbidity in KTx
candidates is increasing. Although this is a small cohort, the
data are useful because this is one of the only contemporary
studies of cancer recurrence risk in SOT recipients.

Cancers
Malignancies after SOT are divided into three chapters:
donor transmission of cancer, recipients with prior cancer
and general epidemiology of cancers after SOT.
Donor transmission of cancers: Xiao et al[235] reviewed all
case reports, case series and registry studies that described
the outcomes of the kidney transplant recipients with donor
cancer transmission published up to December 2012. The
most common transmitted cancer types were renal cancer,
followed by melanoma, lymphoma and lung cancer. Overall
the risk of donor transmission of cancer appears low, but
there is a high likelihood of reporting bias. The findings
of this review support the current recommendation for
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De novo post-transplant malignancies
De novo post-transplant malignancies (PTM) are a serious
complication post-transplantation. In an analysis of the
US National Transplant Data, Sampaio et al[242] analyzed
200000 recipients of kidney, liver, heart and lung. The PTM
incidence was 8.03, 11, 14.4 and 19.8 in KTx, LTx, HTx
and LuTx respectively. The PTM recipients were older,
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mostly white and males in all SOTs.
A cohort study was conducted in Australia using
population based, liver and cardiothoracic registries[243].
During a median 5-year follow-up, the risk of any cancer
in the liver and cardiothoracic recipients, was significantly
elevated compared to the general population (Standardized
Incidence Ratio = 2.62). An excess risk was observed for
16 cancer types, predominantly cancers with a viral etiology.
The adjusted HR for any cancer in all recipients was higher
in heart compared to liver (HR = 1.29). Understanding
the factors responsible for the higher cancer incidence in
cardiothoracic compared to liver recipients has the potential
to lead to targeted cancer prevention strategies in this high
risk population.
Two interesting presentations at the ATC 2013 focused
the association between the development of a skin cancer
and the subsequent development of a solid organ tumor.
Cho et al[244] analyzed data from OPTN/UNOS database
and compared the incidence of solid tumors in organ
recipients with and without melanoma skin cancer (NMSC).
Developing a skin cancer was a risk factor for developing a
solid tumor: 9.4% in those who developed a skin cancer vs
3.3% in those who did not.
A very similar study was conducted in Australia.
McDonald et al[245] analyzed the data from Australia and
New Zealand Dialysis and Transplantation (ANZDATA).
They found that having a NMSC increased the risk of other
cancers by 1.2%. These studies are interesting because skin
cancers may be a useful tool to identify people at higher risk
for developing other cancers.
The International Transplant Skin Cancer Collaborative
(ITSCC) and its European counterpart: Skin Cancer in
Organ Transplant Patients Europe (SCOPE) held by the end
of 2012 a joint meeting that has been recently published[246].
The cutaneous squamous cell carcinoma (CSCC) incidence
has been previously ascribed to immunosuppressive
therapies. The decreased immunosurveillance by innate
and adapted immune cells has been investigated and
the specific role of macrophages. The direct effect of
immune suppression on keratinocyte development has
been postulated as well. Because of the need of CSCC
epidemiology studies, was outlined an international
collaboration between ITSCC and SCOPE to prospectively
study CSCC in transplant patient.

in the organ allocations and in the organ preservation,
Relevant news has been found in the field of antibody
mediated rejection, both acute and chronic. This kind of
rejection involves any solid organ, even if the majority
of studies have been done in the kidneys. A new Banff
conference has been held in 2013 and new classifications
have been made whenever possible.
The ischemia reperfusion injury concerns also any organ.
In this field the majority of researches have been made in
liver transplantation. The innate immunity is involved and
new drugs have been found or are on clinical trials. Pancreas
transplantation is now a therapeutic option also for T2DM,
even if a limiting factor is the shortage of pancreas available.
Islet cell transplantation is improving with new techniques
for implantation and for microencapsulation.
Heart transplantation has now optimal graft survival
rate and also the MCS is evolving so to represent an
alternative to transplantation in addition to bridge to
transplantation. New strategies for primary graft dysfunction
in lung transplantation have been found as well as a better
understanding of the different types of chronic allograft
dysfunction. New drugs appear at the horizon, principally
for kidney transplantation. In particular, drugs targeting
the B cells and the complement pathway are interesting,
considering the relevance of ABMR. Other drugs for
different organs such as liver, pancreatic islet and lung are
being studied in clinical trials. Anti-inflammatory drugs
enhance the effect of the immunosuppressant drugs.
The knowledge on tolerance is improving either applying
bone marrow cells or mesenchimal stem cells. The infections
and the cancers remain among the principal drawbacks in
transplantation and several meetings and conferences have
been held principally to elaborate guidelines to check and
control HCV, HIV, CMV and others HHV.
The need to realize international registries for an
improved knowledge of cancer epidemiology has been
stressed by several authors. Finally a point of weakness
in the field of transplantation is the differences that exist
among the countries in the world. The different transplant
rate depends also by the fact that in several countries peoples
do not reach end stage disease. This probably represents the
hardest frontier to be afforded.

CONCLUSION

1

In few fields of human medical knowledge, the science is so
rapidly evolving as in organ transplantation. In this review
the principal news that occurred by 2013 are described. By,
because some news refers to meeting, consensus conference
or guidelines held in the late 2012 but published in 2013;
others on the contrary were held in 2013, but published in
the first months of 2014.
In these conclusions we highlight several points, which in
our opinion represent new frontiers in transplantation. While
the donor pool is not as large as it would be necessary, the
donor shift towards the so called ECD realize new problems

2
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traumatic stress disorder, adjustment disorder, and
psychosomatic disorders. In organ transplantation,
the fruitful collaboration between professionals with
diverse scientific expertise, calls for both a guarantee
for mental health and greater effectiveness in
challenging treatments for a viable association between
patients, family members and doctors. Integrated and
multidisciplinary care should include uniform criteria
and procedures for standard assessments, for patient
autonomy, adherence to therapy, new coping strategies
and the adoption of more appropriate lifestyles.
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Core tip: Kidney transplantation is now an established
clinical technique, although the emotional experiences
and the psychological and psychopathological complications
related to organ donation and transplantation should
not be underestimated. Following transplantation,
problems related to the physical integration of a foreign
body can arise. On the one hand, the “Life-Extending”
process creates a kind of symbolic rebirth with euphoric
aspects, and on the other hand, the patient can develop
a kind of emotional vulnerability with body image and
self-representation disorders, or paranoid reactions to
a panic crisis due to the presence of a foreign object
(transplanted organ). In fact, the transplanted patient
may experience a reactive psychopathologic process
(depression, anxiety, dissociative disorder) both due
to transplanted organ acceptance difficulties and
immunosuppressive therapy complications. The study
of psychological aspects and their evaluation using
a multidisciplinary approach are important to avoid
issues not adequately recognized, which can undermine
the transplant success, and/or lead to psychological

Abstract
Renal transplantation is a well established treatment
for end-stage renal disease, allowing most patients
to return to a satisfactory quality of life. Studies
have identified many problems that may affect
adaptation to the transplanted condition and postoperative compliance. The psychological implications
of transplantation have important consequences even
on strictly physical aspects. Organ transplantation is
very challenging for the patient and acts as an intense
stressor stimulus to which the patient reacts with
neurotransmitter and endocrine-metabolic changes.
Transplantation can result in a psychosomatic crisis
that requires the patient to mobilize all bio-psychosocial resources during the process of adaptation
to the new foreign organ which may result in an
alteration in self-representation and identity, with
possible psychopathologic repercussions. These
reactions are feasible in mental disorders, e.g. , post-
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the restrictions imposed by the “dialysis addiction”, it
can also arouse doubts, anxiety and distress which can
become, in the post-operative period, fear of infections,
worries of rejection and of the unpredictable outcome.
In fact, transplant patients can develop emotional distress
and affective disorders, such as anxiety and depression,
associated with a compromised quality of life[8-12].
Transplantation can also result in a psychosomatic crisis
that requires the patient to mobilize all their bio-psychosocial resources during the process of adaptation to the
new foreign organ which may result in an alteration in selfrepresentation and identity, with possible psychopathologic
repercussions[13-15].
This article will review relevant research on the
psychopathological aspects of kidney transplantation. The
topics analyzed include body image, personality, post-transplant
psychopathological risk, and therapeutic compliance.

distress and psychological suffering in the patient.
Transplanted patient re-employment and social and
family reintegration requires psychotherapeutic support
to implement new coping strategies.
De Pasquale C, Veroux M, Indelicato L, Sinagra N, Giaquinta A,
Fornaro M, Veroux P, Pistorio ML. Psychopathological aspects
of kidney transplantation: Efficacy of a multidisciplinary team.
World J Transplant 2014; 4(4): 267-275 Available from: URL:
http://www.wjgnet.com/2220-3230/full/v4/i4/267.htm DOI:
http://dx.doi.org/10.5500/wjt.v4.i4.267

INTRODUCTION
Renal transplantation is a well-established treatment for
end-stage renal disease, allowing most patients to return to
a satisfactory quality of life. Advances in medical science
and technology in this field are impressive. However, there
are still some difficulties that limit the number of transplants
performed and the positive outcomes of the interventions.
In addition to the insufficient number of donated organs
from deceased and living donors, a major difficulty is the
result of transplant course management often exclusively
medical-surgical, ignoring the close interaction between
mind and body.
In recent years there has been a gradual increase in
integration between medical and psychological disciplines
and psychological support to patients at all stages of the
transplantation and to the donor’s family, which is now a
fairly well-established method of intervention[1-6]. In the case
of deceased organ donation, the medical-surgical process is
conditioned by the death of another human being, and this
raises biological, moral, religious, psychological and social
questions.
On the one hand, the donation and removal of
organs bring out strong feelings in the relatives of donors,
such as demoralization, loneliness, pain and anguish.
On the other hand, the person receiving the transplant
has feelings of hope, joy, desire for life and rebirth. The
inability to mourn and to accept the loss in donor relatives
(usually mothers) may result in the so-called “syndrome
of the hound”. This is a state of mental suffering that
involves some people who remain in a state of denial and
in mourning, and who show an irresistible desire to know
the identity of the transplanted person[7].
In the case of a living donor, the family takes on the
responsibility of donation. Feelings of guilt, any need of
repair and symbiotic relationships between family members
are sometimes reasons that prevent the specialist from
granting suitability for transplantation. Psychotherapy has a
very important function as it helps the patient to deal with
reality, giving a different meaning to the motivations that
lead to transplantation.
With regard to the psychological aspects of the recipient
with chronic kidney disease, kidney transplantation, although
it represents for many patients the “liberation” from
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BODY IMAGE IN KIDNEY
TRANSPLANTATION
The human being has a mental representation of one’s
body. This, as only a small part is innate, is something that
is formed in early childhood, which can change during a
person’s lifetime and varies in health and disease. The body,
therefore, is also a mentally complex construct.
In Schilder’s theory (1935), organic disease is a factor of
fundamental importance in the evolution and organization
of our body schema. Disease in an organ can facilitate a
“psychosomatic crisis”, a crisis in which the somatic and the
psychic aspects are of equal importance, and influence each
other[16,17].
In transplantation, if surgery rapidly restores the
anatomical and physiological function, cognitive and emotional
integration is required: “psychic transplantation[10,18-20].
In this context, the contributions from psychosomatic
aspects refer to the complex task of mind reconstruction
which the transplanted subject must perform in their own
image. This is a difficult process of reconstruction, which
allows the acceptance and psychic integration of the new
organ[21-23].
During the course of transplantation, the wholeness and
unity of the body image is broken. This “Life-Extending”
process can develop a kind of emotional vulnerability with
body image and self-representation disorders, or paranoid
reactions to a panic crisis due to the presence of a foreign
object (transplanted organ). This reconstruction process
is long and difficult and requires psychic integration
of the transplanted organ. According to CastelnuovoTedesco (1981), during the organ integration process there
are three stages: (1) phase of the foreign body, in which
the transplanted organ as foreign can cause persecutory
anxieties, or on the contrary idealization; (2) phase of partial
incorporation, in which the patient begins to integrate the
organ; and (3) phase of total incorporation, in which the
organ is acquired automatically, therefore, spontaneous
consciousness of the same is absent[18]. Therefore, following

268

December 24, 2014|Volume 4|Issue 4|

De Pasquale C et al . Psychopathological aspects of kidney transplantation

transplantation the “foreign” organ is integrated leading to
good harmonization of body image in the recipient[24-26].

shown pathologic personality traits in order to provide
adequate psychologic-psychiatric support and follow-up.

PERSONALITY AND RECIPIENT
EMOTIONAL PATTERNS

LIVING KIDNEY TRANSPLANTATION
Kidney donation from a living donor is the best solution for
end-stage renal failure, both in terms of cost-effectiveness
and quality of life, and has many advantages compared with
cadaveric transplantation. However, medical practice has
long been questioned on ethical, legal and psychological
aspects related to living donation.
In this regard, it is important to remember altruistic
or “Samaritan” organ donation, only allowed for kidney
donation, which follows the National Bioethics Committee
of April 23, 2010 and Board of Health of May 4, 2010
guidelines, in compliance with the law n. 458/67 and its
implementing regulation n. 116 of April 16, 2010. The
Samaritan donor’s clinical suitability evaluation follows
the same procedures as recommended for standard living
donation. Personality dimensions are an essential prerequisite
for suitability assessment in transplantation[44,45].
Both recipient and donor affective disorders diagnosed by
diagnostic and statistical manual of mental disorders Ⅳ TR
Axis Ⅰ personality disorders, substance or benzodiazepine
addiction and cognitive deficits should be excluded to avoid
psychological and psychiatric post-donation complications[46,47].
Studies have identified many issues which may affect
adaptation to the transplanted condition and post-operative
compliance[21,48].
The decision to choose living donor transplantation is
determined by a particular condition characterized by strong
mental and emotional distress in the patient and his family,
compounded by the fact that the donor is almost always
a family member. Living kidney transplantation creates a
particular donor-recipient relationship, characterized by
mutual emotional support, which is useful in dealing with
this delicate situation[49].
Several authors point out that the reasons for living
donation seem to be linked to the suffering of their relative
due to progressive renal failure, dialysis and its side effects
and long waiting times for deceased donor transplant.
Attention should also be paid to the indirect benefits that
donation brings to the donor in terms of improvements in
self-esteem and self-image.
It is necessary to explore the development of motivation
for living donation in order to achieve and maintain a
harmonious relationship with the recipient, while respecting
their individuality.
In the intra-family selection process for donor identification,
the donor is most often the mother enforcing the “maternal
privilege” of being the only one eligible for donation[50-52].
In identifying the donor it is necessary to assess the
risks of an “impulsive” or poorly cognitively and affectively
processed decision, caused by excessive “moral obligation”
feelings, “hypomania” and “megalomania” aspects[31,53,54].
Several studies have shown the presence of reluctance
on the part of the sick person to accept the donation from a
relative. The reasons for this reluctance are different and vary

The affective profile in transplanted patients should be
more extensively examined to review all aspects of their
mental and emotional assessment, as the emotional pattern
constitutes a critical clinical feature of these patients[27].
Receiving an organ requires the death of the donor, or at
best, living donor surgery, and even if voluntary, this may
be the cause of guilt fantasies expressed by transplant
subjects[28,29].
Another important aspect to be taken into consideration
concerns the psychological attitudes in the stages preceding the
transplant, as the patient may have “unrealistic expectations”
that will be an obstacle in dealing with transplant procedures
and consequences[30-32].
Equally disappointing may be the “traumatic” discovery that
the transplant did not provide a good “restitutio ad integrum”,
with the onset of depressive dynamics and difficulties in
accepting the therapeutic post-transplant program[33-37].
This lack of motivation must be identified and possibly
corrected before transplantation, as it can lead to rejection
resulting in a waste of resources and equipment. If the
patient is motivated and understands all the implications
of kidney disease in the terminal phase of uremia, the
patient feels a responsibility to himself, his family and
hopes to improve, following transplantation, his quality of
life and his own mental and physical balance[38-42].
De Pasquale et al[23] explored personality characteristics
in patients undergoing renal transplantation and confirmed
the hypothesis that transplantation can pose a potential
risk to the patient’s psychological balance. The analyzed
psychological variables showed a “hysterical personality”
characterized by immaturity and self-centeredness, impulsive
behavior, dependency, inferiority feelings, hypercontrol and
superficial interpersonal relationships. This mental condition
is well established in transplanted subjects who tend to be
egocentric, dependent on caregivers and focus only on their
own needs and the new physical condition, thus changing
relationship quality, emotions and self-esteem.
In determining hysterical phenomenology, congenital
factors as well as acquired factors related to the environment,
suffering, stress and electrolyte changes (K/Ca) are
important[43]. Organ transplantation is very challenging in
patients and acts as an intense stressor stimulus to which
the patient reacts with neurotransmitter and endocrinemetabolic changes. These reactions can result in mental
disorders, e.g., post-traumatic stress disorder, adjustment
disorder, and psychosomatic disorders.
Pistorio et al[30] investigated other personality traits which
may emerge in transplant patients and found borderline
personality and obsessive-compulsive personality, which are
traits negatively correlated with good quality of life. They
concluded that it is important to identify patients who have

WJT|www.wjgnet.com

269

December 24, 2014|Volume 4|Issue 4|

De Pasquale C et al . Psychopathological aspects of kidney transplantation

from one individual to another, and transplant failure can result
in intense guilt feelings in the recipient[28,55-57].
With regard to the couple (donor-recipient), some
studies have reported an improvement in this relationship,
while others have defined it as stable[58-62].
According to a study conducted in 2006 in The
Netherlands, the main factor leading to the increase in
the number of consents in favor of living donation was
being properly informed about the surgical procedures and
any risks to themselves and to the donor through specific
interviews and questionnaires[63,64].
The risk of problems in recipient sexual identity
may occur in people who show sexual identity problems
or in adolescents. In these cases, kidney adaptation and
integration processes may be more difficult if the donor is
of the opposite sex[65].
Therefore, the psychological coping process involved
in living kidney donation demands a reconstitution of the
body self[66].
De Pasquale et al[31] (2013) analyzed living kidney donor
personality by examining a sample of 18 living kidney
donors using the Millon Clinical Multiaxial InventoryⅢ; they found the presence of narcissistic, histrionic and
obsessive-compulsive personality traits in living kidney
donors.

feelings, intense emotionalism, euphoria and a sense of
rebirth may be prevalent. This phase, which is defined
as the “honeymoon”, also presents negative symptoms
including rejection fear, post-transplant complications,
existential uncertainty and gratitude feelings, but also guilt
feelings towards the donor[84,85].
In the case where “healing” expectations are amplified,
both for a lack of information and for a state of postoperative euphoria, anxious-depressive states may be present
in the post-transplant phase[86,87].
The hospital discharge, return to the family and social
context require an adaptation process lasting 6 mo to a year,
the “life by sick” and dependence on others waiver. The
perception of loss of support from physicians can make
readjustment to the outside world difficult for transplant
patients. This experience is more noticeable in people with
a weak perception of their personal abilities and autonomy,
for example, after a long period of dialysis[88].
The acceptance of transplant status change is often
difficult for family members who have had to redefine
roles within the family and recognize the effective
autonomy skills of their relative. The process is complex
and can present moments of opposition to change, with a
need to recover the pre-transplant relations system[44].
The state of post-transplant well-being may be hindered
by the following factors: (1) late shock effects/surgery
stress (6 mo-1 year), which can lead to cognitive disorders,
insomnia, anxiety and depression; (2) anti-rejection therapy
side effects: tremors and ataxia due to cyclosporine,
changes in body image; (3) anxiety for regular medical
checks; (4) emotional crises for complications or rejection
episodes with fear, anguish, dejection and anger; and
(5) organic or psychological sexual dysfunction[23,65,87-89].
In summary, for better post-transplant rehabilitation
and given the obvious risks of psychopathology, the
development of interdisciplinary interventions such as
socio-medical and psychotherapeutic programs, without
which adaptation after transplantation may be difficult and
with inevitable repercussions on quality of life[90].

POST-TRANSPLANT
PSYCHOPATHOLOGICAL RISK
The emotional impact of transplantation can be a
traumatic event that interrupts the sense of continuity and
personal integrity, eliciting strong emotions.
The experience of negative and disorganized contents
makes the person unable to cope with the stressors,
including hospitalization, surgery, and invasive treatments,
which can be encoded in a distorted way and experienced as
terrifying perceptions[67,68].
The threat to the “physical integrity” can then turn into a
threat to the “mind integrity”, giving rise to psychopathological
reactions of different nature and gravity[69-72].
Several international studies showed physical functions
and overall post-transplant quality of life improvement:
uremic symptoms, sleep disturbances and appetite disorders
disappeared, and hematocrit and hemoglobin levels
increased significantly, as well as improvements in cognitive
function[73-80]. However, despite these improvements and a
reduction in total symptom distress, many studies also found
a risk of psychopathological and psychosocial malaise[75,81-83].
In the period immediately following surgery, the patient
may present a confusional psychosis with anxiety, restlessness,
confusion, agitation, hallucinations, confabulation and
emotional lability. The frequency of this confusional
psychosis varies (20%-40%) and the use of steroids may
prolong the psychotic state resulting in “steroid psychosis”
with the prevalence of paranoid and hallucination
reactions[65].
In the subsequent post-transplant period, liberation
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THE ROLE OF A MULTIDISCIPLINARY
TEAM ON ADHERENCE IN KIDNEY
TRANSPLANTATION
Transplantation results in a significant improvement in
expectations and quality of life, even if possible adaptation
difficulties may be present such as psychopathological
disorders, problems with compliance and adherence
to treatment protocols. Such non-adherence seems to
predict morbidity and mortality[91-93].
After transplantation, regular immunosuppressive drug
administration is crucial, and even small deviations from
the prescribed regimen are associated with an increased
risk of rejection. The eventual resumption of dialysis
replacement therapy after transplantation affects not only
patient physical function, but especially his personal, daily
and social life. Strong feelings of discomfort, especially
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unit, etc., where psychiatrists and psychologists should
encourage the involvement of the various stakeholders
in patient management, and encourage the exchange of
knowledge and experience in appropriate and useful liaison
activities to prevent burn-out[128].
It is also necessary to include discussions on clinical
cases as part of the multidisciplinary team and to promote
training sessions and supervision, which are useful in
planning cognitive and psychosocial rehabilitation, and
psychotherapy both for the patient and his family.
Assessment of quality of life is one of the key
indicators for monitoring coping strategies acquired by the
transplanted patient and/or the donor-recipient pair. In
fact, although it constitutes a subjective variable, quality of
life constantly changes in relation to the short- and longterm therapeutic results, and with recipient and donor
expectations[119,129,130].
Integrated and multidisciplinary care should also
include uniform criteria and procedures for standard
assessments, patient autonomy studies, adherence to
therapy, new coping strategies and the adoption of
more appropriate lifestyles. Only through a “working
network” is it possible to monitor the re-employment,
family and social reintegration of transplant patients, as
health is the result of a number of social, environmental,
psychological, economic and genetic determinants[1,48].

in females, with a “resignation to a life of eternal sick”, a
reduction in self-esteem due to the change in their role in
the family have been reported in the literature[94-101].
A strong concern for the future of himself and of
his family prevails, in addition to a strong psychological
stress condition that leads to anger and depression. The
sense of self-efficacy, coping with the disease and selfmonitoring, fosters respect for prescriptions. Patients with
a higher self-efficacy show a greater ability to self-manage
their own health, with better physical health, a satisfactory
quality of life and a decreased risk of complications[95,102-109].
Other studies have shown a positive correlation between
self-efficacy and several indicators of health: better control
of diabetes, fewer depressive symptoms, lower use of health
care institutions and long-term adherence to prescribed
drug therapy[110-113]. The beneficial effect of exercise on
allograft function and its positive correlation with better
health and quality of life were also demonstrated.
Another problem observed concerning psychiatric
disorders prior to transplantation is related to non-optimal
post-transplant therapeutic compliance[114-120]. Depression
pre-or post-transplantation is associated with an increased
risk of non-adherence to medical prescriptions, as well
as high levels of anxiety and hostility and the presence
of unstable personality traits. An excessive perception
of “restored health” can lead to promiscuity, abuse of
various substances and non-adherence to prescribed
treatment in transplant patients, which has a significant
impact on post-transplant recovery[65,121,122].
The perceived consequences of living with a chronic
medical condition (such as a renal transplant) likely
affect adherence and psychological outcomes. Among
investigations in adults with a chronic illness, more severe
perceived consequences have been found to be associated
with greater use of avoidance coping strategies, denial,
and behavioral disengagement[123-125]. Medication nonadherence is a common problem in organ transplantation
patients with severe consequences for the patients’
health[126].
A better understanding of the perceived adversity
associated with different aspects of living with a chronic
illness may clarify possible interventions to improve
illness outcomes. According to recent literature, patients
who receive a protocol of psychological support before
transplantation and during post-transplant follow-up, this
leads to improved treatment compliance and quality of
life with modifications related to the physical, emotional
and psychological aspects[127]. In this context, consultation
and liaison psychiatry has played, and continues to play, a
role in stimulating research and fostering the integration
between psychiatry and other medical and surgical
disciplines.
In a hospital environment, there is a growing need for
liaison between operators, and doctors and nurses from
different specialties. More use should be made of the
Consultation-Liaison Psychiatry facilities, particularly where
there is a strong emotional impact on the relationship
between operator and patient, such as the intensive care
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DEFINITION AND PHYSIOPATHOLOGY
In children, coronary allograft vasculopathy (CAV) remains
the main limiting survival factor after heart transplantation
and the major cause of mortality after the first year post
transplant leading ultimately to graft loss[1,2].
One elegant etiological description of CAV is that of
“immunologic mechanisms operating in a milieu of nonimmunologic risk factors”[3]. The process is believed to
start off as a response to endothelial injury in the graft,
originated by a complex interaction of multiple donor and
recipient factors. The resulting endothelial dysfunction,
leads to altered endothelial permeability and subsequent
intimal hyperplasia as a consequence of the vascular
remodeling originated by the inflammatory response. The
immunologic events constitute the original trigger and noninflammatory events such as cytomegalovirus infection,
ischemic time (reperfusion injury), increased donor age
and classical cardiovascular risk factors (i.e., diabetes,
dyslipidemias, smoking and hypertension), perpetuate the
inflammatory response and increase the endothelial injury[4].
Typical lesions (Figures 1 and 2) consist of diffuse
intimal proliferation leading to the development of
luminal stenosis and small vessels occlusion which then
limits blood supply to the graft causing chronic vascular
injury and ultimately myocardial ischemia[5]. The lesions
develop earlier and quicker than atherosclerotic lesions.

Abstract
Coronary allograft vasculopathy remains one of the leading
causes of death beyond the first year post transplant. As a
result of denervation following transplantation, patients lack
ischaemic symptoms and presentation is often late when
the graft is already compromised. Current diagnostic tools
are rather invasive, or in case of angiography, significantly
lack sensitivity. Therefore a non-invasive tool that could
allow early diagnosis would be invaluable.This paper review
the disease form its different diagnosis techniques,including
new and less invasive diagnostic tools to its pharmacological
management and possible treatments.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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content of the study
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leading cause of great loss in children after the first year
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Figure 1 Stenotic coronary artery macroscopic aspect in post mortem
study of explanted heart.

Figure 2 Histopathologic example of stenotic microvasculopathy: Medial
thickening and endothelial swelling with evidence of luminal stenosis
(hematoxylin-eosin stain).

In addition, progression is often silent due to the lack of
ischemic symptoms from the denervated heart and often,
the first clinical manifestation is an adverse cardiac event[6].
The real incidence of CAV among the pediatric
population remains unknown, with a reported incidence
varying between studies from 3% to 43%[7]. According to
an angiographic multicenter study, the incidence of CAV
would be 2%, 9% and 17% at 1, 3 and 5 years[1]. Looking
at the incidence reported in studies that use intravascular
ultrasound (IVUS), this is even higher, with 75% incidence
of detectable intimal thickening at 5 years, with half of
these representing at least mild disease[8]. The most current
angiographic data estimates the incidence of CAV in the
pediatric cohort of 13% at 5 years, 25% at 10 years and 54%
at 15 years[9].
According to the ISHLT registry, using angiographic
definitions, 65% of recipients are free of CAV at 10 years,
but after a diagnosis of CAV, the 2-year graft survival rate is
less than 50%[2].
Age at transplantation has a strong influence on survival
with a 74% 8-year freedom of CAV in younger recipients
compared to 56% in recipients older than 10 years[10].
As CAV lesions are preceded by endothelial dysfunction,
it is essential to identify and characterize this as early as
possible for targeted therapy and ultimately to improve
patient survival.

depending mainly on local preferences and expertise.
Angiography
For many years, until the introduction of IVUS, this has been
the cornerstone of CAV diagnosis[12,13]. Despite its relatively
low sensitivity[14,15] and resulting delay in diagnosis, coronary
angiography remains the most widely used diagnostic
technique for CAV in the majority of transplant centers.
Angiography is known to underestimate the disease[16].
Adults series display a low sensitivity and negative predictive
value. St Goar et al[14] found that 50% of patients with
normal angiographies had moderate to severe intima
thickening on IVUS. In a series by Tuzcu et al[17] the
sensitivity of angiography for CAV detection (defined by
maximal intimal thickness > 0.5 mm) was 43%, specificity
was however high with 95%.
Similarly in a most recent paper, Gregory et al[18], using
the same definition, showed a sensitivity even lower of
11% with a negative predictive value of 57%. Defining
CAV as mean intimal thickness > 0.3 mm, Störk et al[19]
found a sensitivity of 44% and a negative predictive value
of 28% when compared to the IVUS data.
Its main limitation arises from the fact that it assesses
the vessel lumen. The contrast fills the patent lumen
without direct visualisation of the vessel wall. By the time
a filling defect appears and there is significant stenosis,
the graft is already compromised. CAV tends to be diffuse
and concentric affecting large and medium size vessels as
well as the microvasculature[14,20]. Typically there is initial
vessel expansion: as the intima thickens, the external
elastic membrane expands preserving initially the lumen
area (Glagov-type positive remodeling)[21-24]. This explains
why the coronary angiography result can be normal
in the presence of significant disease demonstrated by
IVUS. Nevertheless, angiography is inexpensive, readily
available across centers and findings have proven prognostic
implications regarding graft survival and adverse cardiac
events[25,26].
One of the largest experiences in pediatric patients
has been published by Pahl et al[1] in 2005 and included

DIAGNOSIS
The diagnosis of CAV is challenging. As a result of the
denervation inherent to heart transplantation, patients fail
to display classical clinical warning signs of angina[11]. The
ability of early diagnosis is essential but unfortunately, the
majority of the diagnostic techniques lack sensitivity or
are rather invasive. A reliable and repeatable non-invasive
method that detects CAV and its functional significance
would have a huge impact on the follow up of heart
transplant recipients. However, sensitivity and specificity of
the currently available non-invasive tests remain limited.
Screening protocols vary among centers and the majority
of units use a combination of diagnostic modalities,
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Table 1 ISHLT consensus grading for coronary allograft vasculopathy (Mehra et al

[13]

2010)

Grade
0 (Not significant) No detectable angiographic lesion
Angiographic LM < 50% stenosis, or primary vessel with maximal lesion of < 70%, or any branch stenosis of < 70% ( including
Ⅰ (Mild)
diffuse narrowing)
Angiographic LM 50%-69% stenosis, a single primary vessel ≥ 70% stenosis, or isolated branch stenosis of ≥ 70%in branches of 2
Ⅱ (Moderate)
systems
Angiographic LM ≥ 70%, or 2 or more primary vessels ≥ 70% stenosis, or isolated branch stenosis of ≥ 70% in all 3 systems, or
Ⅲ (Severe)
mild/moderate angiographic disease with LVEF < 45% or evidence of significant restrictive physiology (i.e., symptomatic heart failure
with echocardiographic E to A velocity ratio > 2 (> 1.5 in children), shortened isovolumetric relaxation time (< 60 ms), shortened
deceleration time (< 150 ms), or restrictive hemodynamic values (Right Atrial Pressure > 12 mmHg, Pulmonary Capillary Wedge
Pressure > 25 mmHg, Cardiac Index < 2l min/m2)
LM: Left main.

Table 2 Stanford score (severity based on the localization of
the most severe disease
Grade

Severity

Ⅰ
Ⅱ
Ⅱ

Minimal
Mild
Moderate

Ⅳ

Severe

Intimal thickness
< 0.3 mm and < 180 degrees
< 0.3 mm and > 180 degrees
0.3-0.5 mm
OR
0.5-1 mm and < 180 degrees
> 1 mm
OR
0.5-1 mm and > 180 degrees

Figure 3 Left coronary angiography showing severe epicardial disease with
multiple stenosis in left anterior descending artery and left circumflex artery.

multicenter data proceeding from the Pediatric Heart
Transplant Study database. Two thousand and fortynine angiograms from 751 patients were analysed. The
incidence of angiographic abnormalities at 5 years was
17%. However, moderate-to-severe disease occurred
in only 6% at 5 years[1]. The use of IVUS in children is
limited and they showed a sensitivity of angiography to
detect CAV when compared to IVUS data between 18%
and 30%[8,27].
In 2010, the ISHLT published new guidelines for
CAV including a new classification (Table 1) in view to
provide a more refined definition and prognostic value[13].
Figures 3 and 4 showed angiography of two grats with
severe disease.

IVUS parameters reported in the literature include:
intimal thickness, mean intimal index (ratio of the mean
intimal area to the sum of the mean intimal and luminal
areas), total atheroma volume and percentage of atheroma
volume. In 1995, the Rickenbacher et al[28] demonstrated
that, in an adult cohort, moderate to severe intimal
thickening diagnosed by IVUS was predictive of the future
development of angiographically detectable disease (Table
2). This article describes CAV as being present when
maximal intimal thickness is ≥ 0.3 mm. A further finding
was that maximal intimal thickness (MIT) ≥ 0.3 at 1 year
was associated with a 4 year survival of 73% compared
to 96% within the group of MIT < 0.3 mm[28]. Two more
recent studies published in 2005[17,29] reported that a change
of MIT ≥ 0.5 mm over the first year post-transplant was
an independent predictor for subsequent angiographic
development of CAV; for myocardial infarction and for
all-cause death at 5-years post-transplant. Patients with a
change in MIT > 0.5 mm had a 5-year incidence of 21%
for death or graft loss, 46% for all major adverse events
and 65% for the development of subsequent angiographic
disease compared to 6%, 17% and 35% respectively for
patients without a 0.5 mm change[29].
Interestingly, however, intimal proliferation evaluated
in IVUS does not always correlate with microvascular or
small artery disease in biopsies specimens[13,30]. Looking
specifically at Pediatric data, IVUS has not shown yet

IVUS
IVUS is more sensitive than angiography for early CAV
detection and allows delineation of the vessel wall as well
as measurement of intimal thickness[14]. Even if it might
provide an oversimplified picture of the disease process,
the intimal thickening measured via IVUS remains the
most sensitive diagnostic modality available[13].
As mentioned above, Glagov-type positive remodeling
occurs in response to the vessel wall disease. This serves
to maintain initial lumen patency and the angiographic
appearance of the vessel can therefore be normal despite
significant CAV. This is particularly significant in the first
year post transplantation. Later on in the disease process,
constrictive negative remodeling of the vessel will occur
and lead to the stenosis of the vessel[23].
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Figure 4 RCA angiography.

Figure 5 Intravascular ultrasound still frame showing severe intimal
thickening (Stanford grade IV).

impact on prognosis[27] and this probably relates to the
limited number of studies, each with differing analysis
methodology.
According to published data, sensitivity increases
with the number of vessels imaged[31]. However, our
experience in children suggests that this is not the
case and multi-vessel imaging increases risk without
substantially altering sensitivity. Therefore, in our usual
practice, we only image the left main and proximal
left anterior descending. We use automatic pullback to
enhance consistent sampling and identification of branch
vessels that are used as landmarks in order to be able
to compare serial investigations. We analyze 30 crosssection images taken at 1.5 mm intervals and identified (as
mentioned above) by branch points. Additionally, image
analysis is performed during mid-diastolic rest period for
consistency. In addition to maximal intimal thickness,
mean intimal thickness, and mean intimal index, Stanford
grading score (Table 2) and percentage of atheroma are
recorded. We also use a semi-automatic interactive edge
detection software (QIVUS) to improve reproducibility
of measurements[32] (Figure 5).
Unfortunately, IVUS remains rather unused in
clinical routine: the higher cost and potential morbidity
added to the requirement of a trained operator, limits
its use currently. This is particularly true in the pediatric
population, where the size of the patient is an additional
limitation. Nicolas et al[27], have reported feasibility in
patients ≥ 10 kg but in our institution, we normally do
not proceed in patients under 10 years of age[8,27].

an adult cohort, that in patients with abnormal DSE, 90%
had significant CAV by IVUS, but only 49% by angiography
again demonstrating the relative insensitivity of angiography.
Furthermore, they showed that a normal pharmacological
stress echocardiography after heart transplantation has
a high negative predictive value for any major adverse
cardiovascular event. This suggests that if a strict DSE
protocol is followed, a selective invasive angiography/IVUS
policy may be adopted[34,35,37,38,41]. This was corroborated
in a Pediatric cohort by Pahl et al[39]. Some authors have
pointed out that endothelial dysfunction might be the cause
of abnormal wall motion detected by DSE and normal
angiography[42].
In children, the variability when compared to angiography,
is even higher than that showed in adult series. Sensitivity
rates vary between 35% and 71%, specificity between 80%
and 94%, positive predictive value between 45% and 91%
and negative predictive value between 81% and 92%[37,43,44].
If reliability within a given department is established, then it
certainly appears to be an attractive option for children due
to its non-invasive nature. However, it does require a good
set up, effective sedation, expertise in images acquisition,
expertise in interpretation and a standardised, reproducible
protocol.
Sensitivity and specificity of stress echocardiography
techniques can be improved by quantitative analysis using
strain imaging. This modality can quantify regions of
wall motion abnormality, (i.e., a reduction in peak systolic
strain % will be seen in LV segments associated with
inducible ischemia and accurate measurements of time
to peak strain may also give information on regional wall
motion abnormalities). Eroglu et al[40], showed that, in
adults, the accuracy of DSE can be improved using strain
analysis (Figure 6).
Combined use of contrast-enhanced echocardiography
with adenosine mediated hyperemia in order to assess
coronary flow reserve has shown encouraging results in
adults. Tona et al[45] demonstrated feasibility and prognostic
value of coronary flow reserve measured by contrast
enhanced echocardiography with good correlation with
major acute cardiac events. Severe Coronary Flow Reserve
(CFR) alteration was shown to precede acute cardiac event

Echocardiography
The usefulness and accuracy of several echocardiographic
techniques, as diagnostic methods for CAV have been
explored. Published data have shown disparate results
but more recent reports involving dobutamine stress
echocardiography have demonstrated greater prognostic
value[33-40].
Dobutamine stress echocardiography (DSE) allows
assessment of wall motion, inducible ischemia and viability.
Nevertheless, the sensitivity, specificity positive predictive
value and negative predictive value vary significantly among
these studies. Despite these limitations, Spes et al[35] noted, in
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Figure 6 Speckle-tracking echocardiographic analysis of myocardial deformation showing circumferential strain in a patient with coronary allograft
vasculopathy. On the top right image we can appreciate the dyssinchrony (later contraction compared to the rest of the segments) and lower contractility of the green
and purple segment corresponding to LCX territory. On the bottom right figure, we can appreciate how the same green and purple segments have significant lower
contractility than the others (red corresponds to the maximum contractility and blue to the absence of it). The left superior panel shows the color coding for each of the
segments. The left inferior panel shows the time interval between beginning of QRS and maximal strain value.

onset. On a more recent study, the same group, showed
high sensitivity and specificity for this technique in the
detection of significant CAV (defined by Media Intimal
Thickness > 0.5 in IVUS)[46]. Although these results are
really encouraging, more studies are needed to establish
the reproducibility. Interestingly, a separate small study in
adults showed that transesophageal echocardiographic
measurement of CFR impairment could identify CAV but it
did not allow grading of severity[47]. However, this approach
will be more difficult to implement in children, owing to
difficulty in imaging due to the small size of the coronary
arteries and the need for sedation in many patients.
The application of tissue Doppler techniques to the
transplant population is also worth mentioning. Dandel
et al[48,49] showed the utility of power Doppler TDI for
the diagnosis of CAV in adults. Systolic Tissue Doppler
Imaging (TDI) parameters at basal lateral LV wall level
showed the highest diagnostic accuracy. Peak systolic
motion velocity (Sm) and time to peak systole (TSm)
differed significantly between patients with and without
CAV as identified by IVUS. Furthermore, with Sm > 11
cm/s and TSm > 110 cm/s2, angiographic disease can
be excluded and, in the absence of any rejection, an Sm
< 10 cm/s has a positive predictive value of over 97%
for CAV (as detected by IVUS or angiography)[48,49]. The
main limitations for the widespread use of this technique
arise from the inter-observer and inter-departmental
variability. These techniques have been applied to adult
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cohorts mainly and the available literature in the pediatric
population is still very limited. One small retrospective
study has shown that tricuspid annulus velocity was the best
predictor of graft failure in pre-terminal patients. However,
conventional echocardiographic parameters such as
increase in tricuspid regurgitation severity and a reduction
in left ventricular ejection fraction were also associated with
increased mortality[50]. However, another recent study in
a pediatric cohort showed poor correlation between TDI
and hemodynamics parameters[51], highlighting the need for
further confirmatory studies in children.
Exercise stress echocardiography (ESE) in adult patients
was initially found to have unacceptably low sensitivity for
the detection of CAV[33,52]. However, Chen et al[53] showed
recently a sensitivity higher than 88% with almost 92%
specificity in detecting significant epicardial angiographic
CAD among pediatric heart transplant recipients. The
positive predictive value of ESE was 72.7%, and the
negative predictive value was 97.1%[53]. These results need
wider confirmation prior to consideration as a screening
tool.
Invasive coronary hemodynamics
CAV is a complex and diffuse process that leads to
concentric luminal stenosis and occlusion of epicardial large
and medium sized vessels. It also affects the intramyocardial
microvasculature. Microvascular disease is present in
heart transplant recipients early after transplant, even in
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Figure 7 (A) Resting pressure and flow recording (Red: Aortic
pressure; Yellow: Distal coronary pressure; Blue: Pulse wave
Doppler envelope) and (B) during hyperemia note that the aortic
pressure has decrease as well as the distal coronary pressure.
FFR: Ratio of the mean distal coronary pressure at a point past the
stenosis the aortic pressure during maximal hyperemia; CFR: Ratio
of hyperemic blood flow to resting myocardial blood flow.
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asymptomatic patients[20,54] and it is known to be associated
with CAV, ischemia and death.
Fractional flow reserve (FFR) is defined as the ratio
of maximum flow in the presence of a stenosis to normal
maximum flow. It is a lesion-specific index of stenosis
severity that can be calculated by simultaneous measurement
of mean arterial, distal coronary, and central venous pressure,
during pharmacological vasodilation. FFR is a well established
tool to assess hemodynamic significance of coronary focal
stenosis and has been recommended since 2010 by European
Society of Cardiology for the physiological assessment of
moderate coronary stenosis when functional information is
lacking[55] in atherosclerotic disease.
In such cases, pressure gradients and FFR are recorded
throughout the length of the artery through a pull back
of the wire during maximum pharmacologically-induced
hyperemia.
The Combowire ® XT also allows simultaneous
measurement of flow and pressure and FFR simultaneously
to the coronary flow reserve (CFR) (Figure 7).
In transplanted patients, the exact value of FFR to
determine epicardial disease is difficult to establish and
results have been inconsistent between series[56,57]. In a
publication by Hirohata et al[20], FFR improved as the
microvascular disease deteriorated and therefore, due
to the particular interaction between microvascular and
epicardial disease that occurs in CAV, FFR might not
be the best reflection of epicardial affectation in this
situation.
CFR reflects the ability of the myocardium to increase
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blood flow in response to maximal exercise or stress. It
is expressed by the ratio of the myocardial blood flow at
peak stress, or maximal vasodilatation, to the flow at rest.
Decrease in CFR, after Adenosine administration to achieve
maximum vasodilation, in the absence of significant
epicardial stenosis (normal fractional flow reserve)
indicates microvascular dysfunction[58]. If the significance
of decreased CFR is well established in the atherosclerotic
population[59,60]. Although theoretically more important for
CAV, the exact significance of CFR measurement remains to
be determined. Using acetylcholine-mediated, endotheliumdependent, coronary vasodilatation measurement of CFR,
Hollenberg et al[61] showed that endothelial microvascular
dysfunction was more common in the group suffering
adverse outcomes (death or angiographic evidence of
CAV) than in those without adverse outcome. However,
published data are not consistent between studies. Kübrich
et al[62], in a larger cohort, found no correlation between
epicardial and microvascular disease and found that, whilst
microvascular dysfunction demonstrated by CFR was a
predictor of outcome (death or adverse cardiovascular
event) in the univariate analysis, it did not predict outcome
in the multivariate analysis.
The pediatric population offers very limited data for
CFR. In a small cohort, a decrease in CFR correlated
with microvasculopathy seen in endomyocardial biopsy
specimens[63]. The invasive nature of Doppler wire flow
measurements to determine CFR makes it an unattractive
tool for children.
Several groups have presented data of CFR quantified
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specificity in the diagnosis of angiographic coronary
arteriopathy and characterization of the stenotic disease[90].
Recent studies also indicate that detection and characterization
of the plaque is possible although challenging[91,92] increasing
potential value as a diagnostic tool.
The literature provides some data regarding the heart
transplant population: Sigurdsson et al[93] used a 16-detector
MDCT to identify coronary stenosis and compared to
angiographic disease (defined by luminal stenosis > 95%).
Sensitivity, specificity, positive and negative predictive values
were 86%, 99%, 81% and 99% respectively, unfortunately
only a few subgroup of patients underwent IVUS.
Gregory et al[18], on the other hand, did use IVUS to
compare 64-slice MDCT results in 20 patients at 1 year
post-transplant. They defined CAV as maximal intimal
thickness > 0.5 mm and found that MDCT has a sensitivity
of 70% and a specificity of 92% with a positive predictive
value of 89% and negative predictive value of 77%.
However, in this study, slightly less than 20% of coronary
segments (mainly distal) could not been analysed due to
poor image quality (probably in relation with elevated heart
rate)[18].
Recent studies showed that dual source MDCT
allows good image quality of vessel lumen[94,95] and, when
validated against IVUS, high diagnostic accuracy[96]. A
small study, just under 20 patients, demonstrated that
MDCT, using 64-slices, was superior to angiography for
the identification of non-obstructive vessel wall disease.
However, they did not use IVUS for comparison [94].
Schepis et al[96] compared 64 channels dual source MDCT
with IVUS to look at vessel wall thickness. Defining CAV
as intimal thickness > 0.5 mm on IVUS they established
sensitivity, specificity, negative predictive value and positive
predictive value of MDCT of 85%, 84%, 76% and 91%
respectively.
Therefore, MDCT appears to be a useful tool for CAV
screening. Although not as sensitive as IVUS, it is noninvasive and clearly superior to angiography. However,
the elevated heart rate post-transplantation, especially in
pediatric patients, compromises image quality and the need
for potentially nephro-toxic contrast agent adds concern for
heart transplant recipients, for whom renal impairment is a
frequent comorbidity[97,98].
There is preliminary data available in children using
MDCT compared to angiography and IVUS to identify
coronary luminal stenosis, although the size of the series
was very small[99] and results would require further studies
to be validated.
Again, the implied repeated radiation dosage makes it
a less attractive screening option in children.

by CMRI of the coronary sinus showing good correlation
with PET or flow phantoms[64-66]. More recently, Ishida
et al[67] presented data on CFR as independent predictor
of MACE in patients with known or suspected CAD.
Kennedy et al [68] have translated this idea into the
transplant population: they found that CFR determination
by Cardiac Magnetic Resonance Imaging (CMRI) in the
coronary sinus, was significantly decreased inpatients with
severe CAV and therefore, it may be a useful tool in noninvasively evaluating coronary allograft vasculopathy in
heart transplant recipients.
Single photon emission computed tomography
Single photon emission computed tomography (SPECT)
is a useful clinical tool for myocardial perfusion imaging
to detect and risk-stratify of coronary atherosclerotic
disease for management guidance[69]. Either exercise
or pharmacological stress can be employed and, most
commonly, one of theTc-99m-labeled tracers is used.
Numerous studies in adult population with coronary
atherosclerotic disease have assessed the relative accuracies
of stress imaging using nuclear cardiology techniques: for
stress SPECT, sensitivity is around 87% with a specificity
of 73% (compared to coronary angiography)[70]. Recently,
it has been recognized that some patients with noncritical coronary artery stenosis can have abnormal stress
perfusion imaging. This is due to microvascular and
endothelial dysfunction causing abnormal flow reserve[71].
When applied to CAV, SPECT has a high negative
predictive value in adults[72-77]. When using Dobutamine
stress and 99m technetium tetrofosmin, abnormal perfusion
is associated to a risk ratio of 3.5 in predicting cardiac
death[78-80]. A reversible perfusion defect on stress SPECT is
an independent predictor of mortality or graft loss[72,81-83] and
it seems that stress SPECT at one year post transplantation
could be an earlier prognostic indicator[84].
In Pediatrics, the experience with SPECT is largely
anecdotal. The small size of the heart might be a limiting
technical factor and the radiation related to the technique
itself makes it a rather unattractive diagnostic tool.
Positron emission tomography
Positron emission tomography (PET) has established
itself as the gold standard for noninvasive assessment
of myocardial perfusion measuring myocardial blood
flow at rest and during stress. As well as myocardial
perfusion reserve, perfusion of the epicardial arteries
and the microvasculature can be determined [85,86]. In
patients after heart transplantation, myocardial perfusion
reserve measured with PET has been performed in a few
studies[87-89]. Wu et al[88] found good correlation between
IVUS and myocardial perfusion reserve even in the absence
of angiographic lesions. Published data is very limited even
in adults, related to the limited availability of the technique
and the expertise required.

Optical coherence tomography
Optical coherence tomography (OCT) is an intravascular
high resolution imaging modality that measures reflected
light waves intensity and converts these into a high
resolution tomographic image[100]. In CAD patients, OCT
has been used to characterize plaque composition and
differentiate between intimal hyperplasia, fibrous plaque,
lipid-rich plaque or calcifications[101,102] (Figure 8).

Multidetector computed tomography
In the atherosclerotic population, multidetector computed
tomography (MDCT) has shown high sensitivity and
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Figure 8 Optical coherence tomography images showing intima hyperplasia. The superior image shows a transverse cut of the coronary. On the inferior part of
the image, longitudinal cut.

Recent studies have evaluated the use of OCT in heart
transplant recipients with promising results. The OCTAV
study demonstrated, in 15 patients early post-transplant
(with no angiographic evidence of CAV), that early
quantification of intima-media ratio and characterization
of the plaque is possible. There was no IVUS performed
for comparison[103]. Garrido et al[104] compared OCT to
IVUS in 21 patients, later post-transplant, and not only
found good correlation with IVUS but also postulated
that OCT offers better plaque characterization and less
inter-observer variability.
Cassar et al[105] compared OCT to IVUS and angiography
in 53 patients, showing that OCT was superior to
angiography but not to IVUS. IVUS and OCT were strongly
correlated with 100% agreement.
Further prospective and larger studies are needed to
define the exact role of OCT in the diagnosis of CAV and,
more importantly, to define its prognostic implications.

cohorts. Unfortunately, when compared to MDCT, CMRA
does not seem to be as sensitive or robust in the detection
of coronary stenoses, although limited studies have
been done. CMRI offers several advantages: it provides
functional information on myocardial characterization and
contractility as well as wall motion performance; it allows
quantitative measurements of ventricular volumes and it is
radiation-free, which is especially valuable in a population
already exposed to repeated X-ray angiography.
In conventional atherosclerosis, perfusion imaging has
shown to be effective in detecting myocardial ischemia and to
assess microvascular dysfunction as it detects downstream
microvacular blood flow within the myocardium. The
MR-IMPACT study demonstrated that CMRI is superior
to SPECT in identifying perfusion defects within the
myocardium for atherosclerotic patients[112]. Perfusion stress
with adenosine also provides prognostic data: a normal
CMR stress perfusion scan showed 99% event free survival
at 3 years[113].
The use of adenosine for myocardium stress perfusion
after heart transplantation has not been widely reported.
Nevertheless, Muehling et al[114] showed a reduced myocardial
perfusion reserve in patients with CAV with good correlation
between MRI and invasive measurements. Unfortunately,
microvascular disease in this study could not be assessed.
They also demonstrated that patients with CAV have a
reduced myocardial perfusion even during rest conditions[114].
In regards to CMR tissue characterization, Steen et
al[115] showed that more than 80% of patients with severe
angiographic CAV had a late gadolinium enhancement
pattern suggesting subendocardial infarction with a
distribution consistent with the angiographic pattern.
Furthermore, he was able to identify silent myocardial

Cardiac magnetic resonance imaging
Cardiac magnetic resonance imaging (CMRI) coronary
angiography in the context of CAD has proved its
capacity to detect atherosclerotic plaque and proximal to
mid-coronary artery stenoses[106-108]. Uribe et al[109] have
demonstrated the feasibility and accuracy of MR coronary
angiography in the detection of coronary anomalies in
children, despite elevated heart rates with whole heart
dual phase cardiac imaging [109,110]. Greil et al[111], have
also previously shown the utility of coronary magnetic
resonance angiography (CMRA) in patients with Kawasaki
disease.
These studies undoubtedly open the door for the
application of CMRA in CAV including in pediatric
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Figure 9 Late gadolinium enhancement scar imaging. A: Typical infarct pattern Late enhancement with > 75% transmurality; B: Atypical pattern with diffuse pattern
of late enhancement.
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Figure 10 Late gadolinium enhancement in the coronary vessel wall showing corresponding positions for intravascular ultrasound: Illustrates intimal
thickening corresponding to enhancement on overlay picture on the left.

infraction in otherwise apparently event-free patients (Figure
9). In a more recent publication, the same group looked
at infarct-atypical myocardial involvement that they were
not able to correlate with coronary angiographic pattern
in the prior study. According to their findings, within the
4 different patterns of infarct-atypical LGE-CMR, only
the diffuse form was significantly higher patients early
post transplantation, but they could not establish a definite
reason for the findings[116].
Hussain et al[117], have taken this technique further
showing that high resolution late gadolinium enhancement
(LGE) can be used to show vessel wall disease in CAV
with good correlation with IVUS Figure 10. LGE scores
correlated well with the maximal intimal thickness and mean
intimal index [Pearson coefficient 0.80 (P < 0.001) and 0.92 (P
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< 0.001), respectively]. An enhancement diameter > 7.5 mm
gave promising sensitivity and specificity values of 86% and
93%, respectively, for the detection of significant CAV.
A recently published paper, evaluated in 48 transplanted
patients both epicardial and microvacular disease concomitantly.
The patients underwent coronary angiography, invasive
coronary physiological assessment, IVUS and multiparametric cardiac MRI that includes, tissue characterization,
perfusion analysis and tissue tagging. They found that cardiac
MRI-based myocardial perfusion reserve was independently
predictive of both epicardial and microvacular components
of CAV and furthermore that diagnostic performance was
significantly higher than angiography[118].
More studies are needed to establish CMRI as a reliable
non-invasive tool for CAV diagnostic but certainly the latest
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data are encouraging and more work needs to be achieved
in this direction.

in preventing and slowing CAV progression. Calcium
channels blockers and ACE inhibitors have been reported
in the literature to be beneficial but large prospective
trials are needed to determine their exact role [128-130].
Most transplant institutions use both of these to treat
hypertension, which develops frequently as side effect of
calcineurin inhibitors therapy.

PREVENTION AND TREATMENT
Rapid progression of CAV within the first year post transplant
is a strong indicator of severe CAV, graft loss and mortality[17].
Therefore, prophylactic strategies are paramount and must
been introduced early to improve long-term outcomes and
prognosis.
Similar to native coronary disease, primary prevention
includes control of traditional cardiovascular risk factors
such as hypertension, smoking, diabetes and hyperlipidemia.
This can be challenging, as many of these factors are also
side effects of the immunosuppressive therapy. Tobacco
should be avoided and care should be taken to avoid
passive smoking in children. Modifications of specific risk
factors related to the transplant include prevention and
aggressive treatment in case of cytomegalovirus (CMV)
sero-conversion[118]. In addition, it is essential to treat any
episode of rejection early and aggressively.

Immunosuppression
Most of the data are from adult studies with limited evidence
in the pediatric population.
Calcineurin inhibitors
Tacrolimus not only offers better protection against acute
rejection compared to cyclosporine[131-133], but it is also
superior against CAV[134]. Moreover, Petrakopoulou et al[135]
showed that tacrolimus is better than cyclosporine in the
prevention of microvascular endothelial dysfunction.
Mycophenolate mofetil
Mycophenolate mofetil (MMF) has demonstrated
superiority to azathioprine in mortality and graft loss[136].
In the re-analysis of the same study, it also showed less
intimal thickening and wider lumen area [137]. Finally,
Kaczmarek et al[138], in 2006 demonstrated that MMF
decreased CAV incidence.

Psychological care
Psychological support is crucial in transplanted children and
their families throughout all the transplant journey: Leaving
with a reduced life expectancy when compared to peers is
often complicated and despite good quality of life can be a
source of distress for the recipients. In the context of CAV
psychological support is especially important: Prevention
is paramount; and, if it is essential to treat aggressively
any rejection episode, it is also vital for the patients to be
compliant with the antirejection therapy. However, it is well
known that often therapy compliance declines in adolescence
and case of sudden death have been reported related to
antirejection treatment discontinuation. In these patients
psychological support is essential to ensure therapy obeisance.
In cases of advanced CAV the ineluctability of the graft loss
and its implication lead to severe depression and negation
that also frequently required psychological input.

Proliferation signal inhibitors
Contrary to Calcineurin Inhibitors (CNIs) that blocks T-cell
activation and proliferation by suppressing lymphokines
production, proliferation signal inhibitors (PSIs) inhibit
Tcell and B cell proliferation by impairing their response
to growth promoting lymphokines[139]. In addition, PSIs
have also a significant cytostatic effect on the immune
system[134,140]. In 2003, Eisen et al[141] published the first
data in favor of PSIs, using everolimus de novo after heart
transplantation. They showed preservation of the coronary
lumen at 1 year with significant lower incidence of CAV
in the everolimus group compared to the aziathropine
group. A sub-study published in 2007 confirmed the results
at 24 mo[142] and the same group has also shown reduced
incidence of cardiovascular events in the everolimus
group[143]. Nevertheless, despite the promising results of
these studies, all of them compared PSIs to Azathioprine,
which is not used as first line therapy anymore and known
to be associated to higher rate of rejection than newer
immunosuppressive agents. The results of an eagerly
awaited clinical trial comparing everolimus de novo
to cyclosporine has been recently published showing
marked improvement in renal function at 12 mo in the
everolimus group without increased of adverse events as
well as demonstrated, via IVUS, significantly reduced CAV
progression at 12 mo in the everolimus group[144].
Mancini et al [145], in a randomized study reported
that sirolimus (as a secondary immunosuppressant) slows
progression of CAV and reduces the incidence of clinically
significant events, such as death or graft failure. Keogh
et al[146], using randomized de novo treatment between

Statins
Most transplant protocols nowadays include statin,
independently of the lipid level. Several studies have highlighted
their benefits beyond lipid lowering effects[119-121]; including
reduced incidence of severe rejection episodes, reduced CAV
progression and improved long term survival[122-124]. Consensus
guidelines unequivocally recommend statin therapy[125].
CMV
CMV infection results in acceleration of CAV as the result of the
host immune response. Aggressive treatment with ganciclovir
reduces progression of CAV[126] and the lack of prophylaxis
is associated with increased lumen loss[127]. Our institution, as
with most of the transplant centers, uses acyclovir for CMV
prophylaxis during the first 3 mo post-transplantation.
Vasodilators
A few reports indicate a potential role for vasodilators
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less restenosis[57,166]. However, only the minority of CAV
lesions are amenable for percutaneous revascularization
as outlined above and stent angioplasty might only be an
option in selected patients.

sirolimus or azathioprine reported significantly reduced
progression in intimal and medial proliferation at 6
mo post-transplant and a reduction in the number of
acute rejection episodes of around 50%. The effect
was sustained at 2 years post transplant using IVUS to
quantify vessel wall proliferation.
Although a combined regime CNIs + PSIs appears to be
attractive in preventing and slowing CAV, serious concerns
with this regimen should be raised regarding nephrotoxicity.
PSIs have shown in several studies to increase side effects of
CNIs, especially for nephropathy[147-151].
Raichlin et al[152] have published encouraging data with
sirolimus-based immunosuppression, and even postulated
that a CNI free regimen would be safe, well tolerated and
associated with less CAV progression, coronary events
and graft failure, when initiated beyond the first year (and
within the first 2 years).
In a more recent study, the same group showed that
early conversion to sirolimus attenuated plaque progression,
improved overall survival, and increased freedom from
cardiac events. However, the retrospective nature of the
design and the differences in criteria for the therapy changes,
make the results less generalizable[153]. Moreover, a recent
study reported that late conversion to PSIs is associated with
necrotic plaque core and calcification of the plaque[154].
Hence, safety of early CNI withdrawal with PSI
conversion remains uncertain, especially in the first year
post-transplant with concerns also raised about acute
rejection. Therefore, many continue to recommend
against withdrawal of CNIs during the first 12 mo post
transplantation[155].
Side effects from PSIs are not infrequent: anemia,
dyslipidemia, increased incidence of bacterial infections,
peripheral oedema, pericardial or pleural effusion,
pneumonitis and delayed wound closure. They seem to be
dose-related and reversed by discontinuation of the drug,
although most can be controlled with dose adjustments[155].
PSIs have also been attributed with a reduction in CMV
infections and an inhibition of Epstein-Barr virus-infected
tumorigenic cell lines[156-158]. In the Pediatric population, PSI
use is still limited to a rescue therapy for post-transplant
complications such as CAV or renal impairment secondary
to therapy.

Bypass grafting
Surgical revascularization is associated with a very high
mortality (up to 40%)[162,167,168] and limited success. Indication
is then reserved to highly selected patients.
Re-transplantation
Re-transplantation is the only definitive treatment for CAV.
Unfortunately it is associated with lower survival than with
the primary graft[169] (relative risk for 10 years mortality
according to ISHLT 2012 data is 1.56) and the probability
of CAV recurrence is higher (50% at 3 years)[167,170].
The scarcity of donors, and prior antigen sensitization
means that, in practice, re-transplantation occurs infrequently.

CONCLUSION
Despite a wide range of new diagnostic techniques,
angiography remains, to date, the most commonly used
diagnostic tool for CAV. Not only is it invasive, costly
and radiation-prone but it also fails to identify the disease
in its early phase. IVUS is the most sensitive technique
but requires trained operators and it is, again, an invasive
technique requiring ionizing radiation.
Overall, the available published evidence support a
role for MDCT or DSE as non-invasive screening test to
reduce the number of invasive angiograms (and IVUS).
However, an accurate and reproducible non-invasive
diagnostic tool is yet to be widely established. CMR offers
anatomical, histological and physiological assessments
and, in the future, it could be valuable in the detection
and grading of CAV.
Early detection is paramount but remains challenging.
It may allow us to identify those requiring modification in
immunosuppression, such as early introduction of PSIs
for those with more aggressive CAV.
Unfortunately CAV remains the primary cause of
graft failure after the first year post-transplantation and
the only definitive treatment is re-transplantation.

Coronary revascularization
In contrast to native coronary disease, CAV is progressive
and revascularization procedures are only palliative with
no survival benefit [159,160]. Moreover, the concentric,
diffuse and distal nature of CAV precludes the majority
of patients for revascularization procedures.

REFERENCES
1

2

Percutaneous interventions
Percutaneous intervention in transplanted patients are
characterized by good short term results but high restenosis
rates[160-165].
Unfortunately, stents do not offer better long-term
results with a late re-stenosis rate around 70%. Drug
eluting stents appear to have slightly better results with

WT|www.wjgnet.com

3

286

Pahl E, Naftel DC, Kuhn MA, Shaddy RE, Morrow WR,
Canter CE, Kirklin J. The impact and outcome of transplant
coronary artery disease in a pediatric population: a 9-year
multi-institutional study. J Heart Lung Transplant 2005; 24:
645-651 [PMID: 15949722 DOI: 10.1016/j.healun.2004.03.021]
Kirk R, Edwards LB, Kucheryavaya AY, Aurora P, Christie
JD, Dobbels F, Rahmel AO, Stehlik J, Hertz MI. The Registry of
the International Society for Heart and Lung Transplantation:
thirteenth official pediatric heart transplantation report--2010.
J Heart Lung Transplant 2010; 29: 1119-1128 [PMID: 20870166
DOI: 10.1016/j.healun.2010.08.009]
Rahmani M, Cruz RP, Granville DJ, McManus BM. Allograft
vasculopathy versus atherosclerosis. Circ Res 2006; 99: 801-815
[PMID: 17038650 DOI: 10.1161/01.RES.0000246086.93555.f3]

December 24, 2014|Volume 4|Issue 4|

Dedieu N et al . Coronay allograft vasculopathy in children
4

5

6

7
8
9

10

11

12
13

14

15

16

17

18

Colvin-Adams M, Harcourt N, Duprez D. Endothelial
dysfunction and cardiac allograft vasculopathy. J Cardiovasc
Transl Res 2013; 6: 263-277 [PMID: 23135991 DOI: 10.1007/
s12265-012-9414-3]
Valantine H. Cardiac allograft vasculopathy after heart
transplantation: risk factors and management. J Heart Lung
Transplant 2004; 23: S187-S193 [PMID: 15093804 DOI: 10.1016/
j.healun.2004.03.009]
Raichlin ER, McConnell JP, Lerman A, Kremers WK, Edwards
BS, Kushwaha SS, Clavell AL, Rodeheffer RJ, Frantz RP.
Systemic inflammation and metabolic syndrome in cardiac
allograft vasculopathy. J Heart Lung Transplant 2007; 26:
826-833 [PMID: 17692787 DOI: 10.1016/j.healun.2007.05.008]
Conway J, Dipchand AI. Heart transplantation in children.
Pediatr Clin North Am 2010; 57: 353-373, table of contents
[PMID: 20371041 DOI: 10.1016/j.pcl.2010.01.009]
Dent CL, Canter CE, Hirsch R, Balzer DT. Transplant coronary
artery disease in pediatric heart transplant recipients. J Heart
Lung Transplant 2000; 19: 240-248 [PMID: 10713248]
Kobayashi D, Du W, L’ecuyer TJ. Predictors of cardiac
allograft vasculopathy in pediatric heart transplant recipients.
Pediatr Transplant 2013; 17: 436-440 [PMID: 23714284 DOI:
10.1111/petr.12095]
Kirk R, Edwards LB, Aurora P, Taylor DO, Christie JD,
Dobbels F, Kucheryavaya AY, Rahmel AO, Stehlik J, Hertz
MI. Registry of the International Society for Heart and
Lung Transplantation: Twelfth Official Pediatric Heart
Transplantation Report-2009. J Heart Lung Transplant 2009; 28:
993-1006 [PMID: 19782282 DOI: 10.1016/j.healun.2009.08.008]
Gao SZ, Schroeder JS, Hunt SA, Billingham ME, Valantine
HA, Stinson EB. Acute myocardial infarction in cardiac
transplant recipients. Am J Cardiol 1989; 64: 1093-1097 [PMID:
2816760]
Schmauss D, Weis M. Cardiac allograft vasculopathy: recent
developments. Circulation 2008; 117: 2131-2141 [PMID:
18427143 DOI: 10.1161/CIRCULATIONAHA.107.711911]
Mehra MR, Crespo-Leiro MG, Dipchand A, Ensminger SM,
Hiemann NE, Kobashigawa JA, Madsen J, Parameshwar J,
Starling RC, Uber PA. International Society for Heart and
Lung Transplantation working formulation of a standardized
nomenclature for cardiac allograft vasculopathy-2010. J Heart
Lung Transplant 2010; 29: 717-727 [PMID: 20620917 DOI:
10.1016/j.healun.2010.05.017]
St Goar FG, Pinto FJ, Alderman EL, Valantine HA, Schroeder
JS, Gao SZ, Stinson EB, Popp RL. Intracoronary ultrasound
in cardiac transplant recipients. In vivo evidence of
“angiographically silent” intimal thickening. Circulation 1992;
85: 979-987 [PMID: 1537134 DOI: 10.1161/01.CIR.85.3.979]
O'Neill BJ, Pflugfelder PW, Singh NR, Menkis AH, McKenzie
FN, Kostuk WJ. Frequency of angiographic detection and
quantitative assessment of coronary arterial disease one and
three years after cardiac transplantation. Am J Cardiol 1989;
63: 1221-1226 [PMID: 2653018]
Johnson DE, Alderman EL, Schroeder JS, Gao SZ, Hunt
S, DeCampli WM, Stinson E, Billingham M. Transplant
coronary artery disease: histopathologic correlations with
angiographic morphology. J Am Coll Cardiol 1991; 17: 449-457
[PMID: 1991903]
Tuzcu EM, Kapadia SR, Sachar R, Ziada KM, Crowe
TD, Feng J, Magyar WA, Hobbs RE, Starling RC, Young
JB, McCarthy P, Nissen SE. Intravascular ultrasound
evidence of angiographically silent progression in coronary
atherosclerosis predicts long-term morbidity and mortality
after cardiac transplantation. J Am Coll Cardiol 2005; 45:
1538-1542 [PMID: 15862431 DOI: 10.1016/j.jacc.2004.12.076]
Gregory SA, Ferencik M, Achenbach S, Yeh RW, Hoffmann
U, Inglessis I, Cury RC, Nieman K, McNulty IA, Laffan
JA, Pomerantsev EV, Brady TJ, Semigran MJ, Jang IK.
Comparison of sixty-four-slice multidetector computed
tomographic coronary angiography to coronary angiography

WJT|www.wjgnet.com

19

20

21

22

23

24

25

26

27

28

29

30

287

with intravascular ultrasound for the detection of transplant
vasculopathy. Am J Cardiol 2006; 98: 877-884 [PMID: 16996866
DOI: 10.1016/j.amjcard.2006.04.027]
Störk S, Behr TM, Birk M, Uberfuhr P, Klauss V, Spes CH,
Angermann CE. Assessment of cardiac allograft vasculopathy
late after heart transplantation: when is coronary angiography
necessary? J Heart Lung Transplant 2006; 25: 1103-1108 [PMID:
16962473 DOI: 10.1016/j.healun.2006.05.009]
Hirohata A, Nakamura M, Waseda K, Honda Y, Lee DP,
Vagelos RH, Hunt SA, Valantine HA, Yock PG, Fitzgerald PJ,
Yeung AC, Fearon WF. Changes in coronary anatomy and
physiology after heart transplantation. Am J Cardiol 2007; 99:
1603-1607 [PMID: 17531589 DOI: 10.1016/j.amjcard.2007.01.039]
Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis
GJ. Compensatory enlargement of human atherosclerotic
coronary arteries. N Engl J Med 1987; 316: 1371-1375 [PMID:
3574413 DOI: 10.1056/NEJM198705283162204]
Tsutsui H, Schoenhagen P, Ziada KM, Crowe TD, Klingensmith
JD, Vince DG, Bott-Silverman C, Starling R, Hobbs RE, Young
J, Nissen SE, Tuzcu EM. Early constriction or expansion of the
external elastic membrane area determines the late remodeling
response and cumulative lumen loss in transplant vasculopathy:
an intravascular ultrasound study with 4-year follow-up. J Heart
Lung Transplant 2003; 22: 519-525 [PMID: 12742413]
Tsutsui H, Ziada KM, Schoenhagen P, Iyisoy A, Magyar WA,
Crowe TD, Klingensmith JD, Vince DG, Rincon G, Hobbs RE,
Yamagishi M, Nissen SE, Tuzcu EM. Lumen loss in transplant
coronary artery disease is a biphasic process involving
early intimal thickening and late constrictive remodeling:
results from a 5-year serial intravascular ultrasound study.
Circulation 2001; 104: 653-657 [PMID: 11489770 DOI: 10.1161/
hc3101.093867]
Wong C, Ganz P, Miller L, Kobashigawa J, Schwarzkopf A,
Valantine von Kaeper H, Wilensky R, Ventura H, Yeung
AC. Role of vascular remodeling in the pathogenesis of early
transplant coronary artery disease: a multicenter prospective
intravascular ultrasound study. J Heart Lung Transplant 2001;
20: 385-392 [PMID: 11295575]
Costanzo MR, Naftel DC, Pritzker MR, Heilman JK, Boehmer
JP, Brozena SC, Dec GW, Ventura HO, Kirklin JK, Bourge
RC, Miller LW. Heart transplant coronary artery disease
detected by coronary angiography: a multiinstitutional study
of preoperative donor and recipient risk factors. Cardiac
Transplant Research Database. J Heart Lung Transplant 1998;
17: 744-753 [PMID: 9730422]
Barbir M, Lazem F, Banner N, Mitchell A, Yacoub M. The
prognostic significance of non-invasive cardiac tests in heart
transplant recipients. Eur Heart J 1997; 18: 692-696 [PMID:
9129903]
Nicolas RT, Kort HW, Balzer DT, Trinkaus K, Dent CL,
Hirsch R, Canter CE. Surveillance for transplant coronary
artery disease in infant, child and adolescent heart transplant
recipients: an intravascular ultrasound study. J Heart Lung
Transplant 2006; 25: 921-927 [PMID: 16890112 DOI: 10.1016/
j.healun.2006.03.022]
Rickenbacher PR, Pinto FJ, Lewis NP, Hunt SA, Alderman
EL, Schroeder JS, Stinson EB, Brown BW, Valantine HA.
Prognostic importance of intimal thickness as measured
by intracoronary ultrasound after cardiac transplantation.
Circulation 1995; 92: 3445-3452 [PMID: 8521566]
Kobashigawa JA, Tobis JM, Starling RC, Tuzcu EM, Smith
AL, Valantine HA, Yeung AC, Mehra MR, Anzai H, Oeser
BT, Abeywickrama KH, Murphy J, Cretin N. Multicenter
intravascular ultrasound validation study among heart
transplant recipients: outcomes after five years. J Am Coll
Cardiol 2005; 45: 1532-1537 [PMID: 15862430 DOI: 10.1016/
j.jacc.2005.02.035]
Clausell N, Butany J, Molossi S, Lonn E, Gladstone P,
Rabinovitch M, Daly PA. Abnormalities in intramyocardial
arteries detected in cardiac transplant biopsy specimens and

December 24, 2014|Volume 4|Issue 4|

Dedieu N et al . Coronay allograft vasculopathy in children

31

32

33

34

35

36

37

38

39

40

41

42

43

44

lack of correlation with abnormal intracoronary ultrasound
or endothelial dysfunction in large epicardial coronary
arteries. J Am Coll Cardiol 1995; 26: 110-119 [PMID: 7541058]
Kapadia SR, Ziada KM, L’Allier PL, Crowe TD, Rincon
G, Hobbs RE, Bott-Silverman C, Young JB, Nissen SE,
Tuzcu EM. Intravascular ultrasound imaging after cardiac
transplantation: advantage of multi-vessel imaging. J Heart
Lung Transplant 2000; 19: 167-172 [PMID: 10703693]
Koning G, Dijkstra J, von Birgelen C, Tuinenburg JC,
Brunette J, Tardif JC, Oemrawsingh PW, Sieling C, Melsa S,
Reiber JH. Advanced contour detection for three-dimensional
intracoronary ultrasound: a validation--in vitro and in vivo.
Int J Cardiovasc Imaging 2002; 18: 235-248 [PMID: 12123316]
Smart FW, Ballantyne CM, Cocanougher B, Farmer JA, Sekela
ME, Noon GP, Young JB. Insensitivity of noninvasive tests
to detect coronary artery vasculopathy after heart transplant.
Am J Cardiol 1991; 67: 243-247 [PMID: 1990786]
Derumeaux G, Redonnet M, Soyer R, Cribier A, Letac B.
Assessment of the progression of cardiac allograft vasculopathy
by dobutamine stress echocardiography. J Heart Lung Transplant
1998; 17: 259-267 [PMID: 9563602]
Spes CH, Klauss V, Mudra H, Schnaack SD, Tammen AR,
Rieber J, Siebert U, Henneke KH, Uberfuhr P, Reichart B,
Theisen K, Angermann CE. Diagnostic and prognostic value
of serial dobutamine stress echocardiography for noninvasive
assessment of cardiac allograft vasculopathy: a comparison
with coronary angiography and intravascular ultrasound.
Circulation 1999; 100: 509-515 [PMID: 10430765]
Bacal F, Moreira L, Souza G, Rodrigues AC, Fiorelli A,
Stolf N, Bocchi E, Bellotti G, Ramires JA. Dobutamine
stress echocardiography predicts cardiac events or death in
asymptomatic patients long-term after heart transplantation:
4-year prospective evaluation. J Heart Lung Transplant 2004; 23:
1238-1244 [PMID: 15539121 DOI: 10.1016/j.healun.2003.09.007]
Larsen RL, Applegate PM, Dyar DA, Ribeiro PA, Fritzsche
SD, Mulla NF, Shirali GS, Kuhn MA, Chinnock RE, Shah PM.
Dobutamine stress echocardiography for assessing coronary
artery disease after transplantation in children. J Am Coll
Cardiol 1998; 32: 515-520 [PMID: 9708485]
Lewis JF, Selman SB, Murphy JD, Mills RM, Geiser EA, Conti
CR. Dobutamine echocardiography for prediction of ischemic
events in heart transplant recipients. J Heart Lung Transplant
1997; 16: 390-393 [PMID: 9154948]
Pahl E, Crawford SE, Swenson JM, Duffy CE, Fricker FJ,
Backer CL, Mavroudis C, Chaudhry FA. Dobutamine stress
echocardiography: experience in pediatric heart transplant
recipients. J Heart Lung Transplant 1999; 18: 725-732 [PMID:
10452350]
Eroglu E, D’hooge J, Sutherland GR, Marciniak A, Thijs D,
Droogne W, Herbots L, Van Cleemput J, Claus P, Bijnens B,
Vanhaecke J, Rademakers F. Quantitative dobutamine stress
echocardiography for the early detection of cardiac allograft
vasculopathy in heart transplant recipients. Heart 2008; 94: e3
[PMID: 17916666 DOI: 10.1136/hrt.2007.119693]
Akosah KO, McDaniel S, Hanrahan JS, Mohanty PK. Dobutamine
stress echocardiography early after heart transplantation predicts
development of allograft coronary artery disease and outcome. J
Am Coll Cardiol 1998; 31: 1607-1614 [PMID: 9626841]
Jackson PA, Akosah KO, Kirchberg DJ, Mohanty PK, Minisi
AJ. Relationship between dobutamine-induced regional wall
motion abnormalities and coronary flow reserve in heart
transplant patients without angiographic coronary artery
disease. J Heart Lung Transplant 2002; 21: 1080-1089 [PMID:
12398873]
Dipchand AI, Bharat W, Manlhiot C, Safi M, Lobach NE,
McCrindle BW. A prospective study of dobutamine stress
echocardiography for the assessment of cardiac allograft
vasculopathy in pediatric heart transplant recipients. Pediatr
Transplant 2008; 12: 570-576 [PMID: 18363614 DOI: 10.1111/
j.1399-3046.2007.00861.x]

WJT|www.wjgnet.com

45

46

47

48

49

50

51

52

53

54

55

56

288

Di Filippo S, Semiond B, Roriz R, Sassolas F, Raboisson MJ,
Bozio A. Non-invasive detection of coronary artery disease by
dobutamine-stress echocardiography in children after heart
transplantation. J Heart Lung Transplant 2003; 22: 876-882
[PMID: 12909467 DOI: 10.1016/S1053-2498(02)00664-2]
Tona F, Caforio AL, Montisci R, Angelini A, Ruscazio M,
Gambino A, Ramondo A, Thiene G, Gerosa G, Iliceto S. Coronary
flow reserve by contrast-enhanced echocardiography: a new
noninvasive diagnostic tool for cardiac allograft vasculopathy.
Am J Transplant 2006; 6: 998-1003 [PMID: 16611336 DOI: 10.1111/
j.1600-6143.2006.01298.x]
Tona F, Osto E, Tarantini G, Gambino A, Cavallin F, Feltrin
G, Montisci R, Caforio AL, Gerosa G, Iliceto S. Coronary flow
reserve by transthoracic echocardiography predicts epicardial
intimal thickening in cardiac allograft vasculopathy. Am J
Transplant 2010; 10: 1668-1676 [PMID: 20642688 DOI: 10.1111/
j.1600-6143.2010.03160.x]
Rodrigues AC, Frimm Cde C, Bacal F, Andreolli V, Tsutsui
JM, Bocchi EA, Mathias W, Lage SG. Coronary flow reserve
impairment predicts cardiac events in heart transplant patients
with preserved left ventricular function. Int J Cardiol 2005; 103:
201-206 [PMID: 16080981 DOI: 10.1016/j.ijcard.2004.12.017]
Dandel M, Hummel M, Müller J, Wellnhofer E, Meyer
R, Solowjowa N, Ewert R, Hetzer R. Reliability of tissue
Doppler wall motion monitoring after heart transplantation
for replacement of invasive routine screenings by optimally
timed cardiac biopsies and catheterizations. Circulation 2001;
104: I184-I191 [PMID: 11568053]
Dandel M, Wellnhofer E, Hummel M, Meyer R, Lehmkuhl
H, Hetzer R. Early detection of left ventricular dysfunction
related to transplant coronary artery disease. J Heart Lung
Transplant 2003; 22: 1353-1364 [PMID: 14672750 DOI: 10.1016/
S1053-2498(03)00055-X]
Fyfe DA, Ketchum D, Lewis R, Sabatier J, Kanter K, Mahle W,
Vincent R. Tissue Doppler imaging detects severely abnormal
myocardial velocities that identify children with pre-terminal
cardiac graft failure after heart transplantation. J Heart Lung
Transplant 2006; 25: 510-517 [PMID: 16678028 DOI: 10.1016/
j.healun.2005.11.453]
Savage A, Hlavacek A, Ringewald J, Shirali G. Evaluation
of the myocardial performance index and tissue doppler
imaging by comparison to near-simultaneous catheter
measurements in pediatric cardiac transplant patients. J Heart
Lung Transplant 2010; 29: 853-858 [PMID: 20471861 DOI:
10.1016/j.healun.2010.03.014]
Collings CA, Pinto FJ, Valantine HA, Popylisen S, Puryear
JV, Schnittger I. Exercise echocardiography in heart transplant
recipients: a comparison with angiography and intracoronary
ultrasonography. J Heart Lung Transplant 1994; 13: 604-613
[PMID: 7947876]
Chen MH, Abernathey E, Lunze F, Colan SD, O’Neill S,
Bergersen L, Geva T, Blume ED. Utility of exercise stress
echocardiography in pediatric cardiac transplant recipients:
a single-center experience. J Heart Lung Transplant 2012; 31:
517-523 [PMID: 22301421 DOI: 10.1016/j.healun.2011.12.014]
Hollenberg SM, Klein LW, Parrillo JE, Scherer M, Burns D,
Tamburro P, Oberoi M, Johnson MR, Costanzo MR. Coronary
endothelial dysfunction after heart transplantation predicts
allograft vasculopathy and cardiac death. Circulation 2001;
104: 3091-3096 [PMID: 11748106]
Wijns W, Kolh P, Danchin N, Di Mario C, Falk V, Folliguet T,
Garg S, Huber K, James S, Knuuti J, Lopez-Sendon J, Marco
J, Menicanti L, Ostojic M, Piepoli MF, Pirlet C, Pomar JL,
Reifart N, Ribichini FL, Schalij MJ, Sergeant P, Serruys PW,
Silber S, Sousa Uva M, Taggart D. Guidelines on myocardial
revascularization. Eur Heart J 2010; 31: 2501-2555 [PMID:
20802248 DOI: 10.1093/eurheartj/ehq277]
Fearon WF, Hirohata A, Nakamura M, Luikart H, Lee DP,
Vagelos RH, Hunt SA, Valantine HA, Fitzgerald PJ, Yock PG,
Yeung AC. Discordant changes in epicardial and microvascular

December 24, 2014|Volume 4|Issue 4|

Dedieu N et al . Coronay allograft vasculopathy in children

57

58

59

60

61

62

63

64

65

66

67

68

69

coronary physiology after cardiac transplantation: Physiologic
Investigation for Transplant Arteriopathy II (PITA II) study. J
Heart Lung Transplant 2006; 25: 765-771 [PMID: 16818118 DOI:
10.1016/j.healun.2006.03.003]
Lee CM, Wu YW, Jui HY, Yen RF, Tzen KY, Chou NK, Wang
SS. Intravascular ultrasound correlates with coronary flow
reserve and predicts the survival in angiographically normal
cardiac transplant recipients. Cardiology 2008; 109: 93-98
[PMID: 17664873 DOI: 10.1159/000105548]
Fearon WF, Nakamura M, Lee DP, Rezaee M, Vagelos RH,
Hunt SA, Fitzgerald PJ, Yock PG, Yeung AC. Simultaneous
assessment of fractional and coronary flow reserves in cardiac
transplant recipients: Physiologic Investigation for Transplant
Arteriopathy (PITA Study). Circulation 2003; 108: 1605-1610
[PMID: 12963639 DOI: 10.1161/01.CIR.0000091116.84926.6F]
Suwaidi JA, Hamasaki S, Higano ST, Nishimura RA,
Holmes DR, Lerman A. Long-term follow-up of patients with
mild coronary artery disease and endothelial dysfunction.
Circulation 2000; 101: 948-954 [PMID: 10704159]
Schächinger V, Britten MB, Zeiher AM. Prognostic impact
of coronary vasodilator dysfunction on adverse long-term
outcome of coronary heart disease. Circulation 2000; 101:
1899-1906 [PMID: 10779454]
Hollenberg SM, Klein LW, Parrillo JE, Scherer M, Burns D,
Tamburro P, Bromet D, Satran A, Costanzo MR. Changes in
coronary endothelial function predict progression of allograft
vasculopathy after heart transplantation. J Heart Lung
Transplant 2004; 23: 265-271 [PMID: 15019634 DOI: 10.1016/
S1053-2498(03)00150-5]
Kübrich M, Petrakopoulou P, Kofler S, Nickel T, Kaczmarek
I, Meiser BM, Reichart B, von Scheidt W, Weis M. Impact of
coronary endothelial dysfunction on adverse long-term outcome
after heart transplantation. Transplantation 2008; 85: 1580-1587
[PMID: 18551063 DOI: 10.1097/TP.0b013e318170b4cd]
Schubert S, Abdul-Khaliq H, Wellnhofer E, Hiemann
NE, Ewert P, Lehmkuhl HB, Meyer R, Miera O, Peters B,
Hetzer R, Berger F. Coronary flow reserve measurement
detects transplant coronary artery disease in pediatric heart
transplant patients. J Heart Lung Transplant 2008; 27: 514-521
[PMID: 18442717 DOI: 10.1016/j.healun.2008.02.005]
van Rossum AC, Visser FC, Hofman MB, Galjee MA,
Westerhof N, Valk J. Global left ventricular perfusion:
noninvasive measurement with cine MR imaging and phase
velocity mapping of coronary venous outflow. Radiology 1992;
182: 685-691 [PMID: 1535881]
Koskenvuo JW, Sakuma H, Niemi P, Toikka JO, Knuuti J,
Laine H, Komu M, Kormano M, Saraste M, Hartiala JJ. Global
myocardial blood flow and global flow reserve measurements
by MRI and PET are comparable. J Magn Reson Imaging 2001;
13: 361-366 [PMID: 11241807]
Schwitter J, DeMarco T, Kneifel S, von Schulthess GK, Jörg
MC, Arheden H, Rühm S, Stumpe K, Buck A, Parmley
WW, Lüscher TF, Higgins CB. Magnetic resonance-based
assessment of global coronary flow and flow reserve and
its relation to left ventricular functional parameters: a
comparison with positron emission tomography. Circulation
2000; 101: 2696-2702 [PMID: 10851206]
Ishida M, Ito T, Shiraishi Y, Kitagawa K, Dohi K, Nakajima H,
Ito M, Sakuma H. Impaired coronary flow reserve determined
by MR measurement of coronary sinus flow predicts adverse
outcome in patients with known or suspected coronary artery
disease. J Cardiovasc Magn Reson 2013; 15 (Suppl 1): O91 [DOI:
10.1186/1532-429X-15-S1-O91]
Kennedy K, Dick A, Drangova M, Raval A, Mahoney C,
Karlik S, Pflugfelder PW. Magnetic resonance measurements
of coronary flow reserve in heart transplant recipients: an
exploratory study of the relationship to coronary angiographic
findings. J Cardiovasc Magn Reson 2007; 9: 701-707 [PMID:
17578727 DOI: 10.1080/10976640701198980]
Shaw LJ, Berman DS, Maron DJ, Mancini GB, Hayes SW,

WJT|www.wjgnet.com

70

71
72

73

74

75

76

77

78

79

80

289

Hartigan PM, Weintraub WS, O’Rourke RA, Dada M, Spertus
JA, Chaitman BR, Friedman J, Slomka P, Heller GV, Germano
G, Gosselin G, Berger P, Kostuk WJ, Schwartz RG, Knudtson
M, Veledar E, Bates ER, McCallister B, Teo KK, Boden WE.
Optimal medical therapy with or without percutaneous
coronary intervention to reduce ischemic burden: results
from the Clinical Outcomes Utilizing Revascularization
and Aggressive Drug Evaluation (COURAGE) trial nuclear
substudy. Circulation2008; 117: 1283-1291 [PMID: 18268144
DOI: 10.1161/CIRCULATIONAHA.107.743963]
Klocke FJ, Baird MG, Lorell BH, Bateman TM, Messer JV,
Berman DS, O’Gara PT, Carabello BA, Russell RO, Cerqueira
MD, St John Sutton MG, DeMaria AN, Udelson JE, Kennedy
JW, Verani MS, Williams KA, Antman EM, Smith SC, Alpert
JS, Gregoratos G, Anderson JL, Hiratzka LF, Faxon DP, Hunt
SA, Fuster V, Jacobs AK, Gibbons RJ, Russell RO. ACC/AHA/
ASNC guidelines for the clinical use of cardiac radionuclide
imaging--executive summary: a report of the American
College of Cardiology/American Heart Association Task
Force on Practice Guidelines (ACC/AHA/ASNC Committee
to Revise the 1995 Guidelines for the Clinical Use of Cardiac
Radionuclide Imaging). Circulation 2003; 108: 1404-1418 [PMID:
12975245 DOI: 10.1161/01.CIR.0000080946.42225.4D]
Camici PG, Crea F. Coronary microvascular dysfunction. N
Engl J Med 2007; 356: 830-840 [PMID: 17314342 DOI: 10.1056/
NEJMra061889]
Wu YW, Yen RF, Lee CM, Ho YL, Chou NK, Wang SS,
Huang PJ. Diagnostic and prognostic value of dobutamine
thallium-201 single-photon emission computed tomography
after heart transplantation. J Heart Lung Transplant 2005; 24:
544-550 [PMID: 15896751 DOI: 10.1016/j.healun.2003.12.004]
Carlsen J, Toft JC, Mortensen SA, Arendrup H, Aldershvile
J, Hesse B. Myocardial perfusion scintigraphy as a screening
method for significant coronary artery stenosis in cardiac
transplant recipients. J Heart Lung Transplant 2000; 19: 873-878
[PMID: 11008077]
Ciliberto GR, Mangiavacchi M, Banfi F, Massa D, Danzi
G, Cataldo G, Cipriani M, Piccalò G, Dabalà A, Gronda E.
Coronary artery disease after heart transplantation: noninvasive evaluation with exercise thallium scintigraphy. Eur
Heart J 1993; 14: 226-229 [PMID: 8449198]
Rodney RA, Johnson LL, Blood DK, Barr ML. Myocardial
perfusion scintigraphy in heart transplant recipients with
and without allograft atherosclerosis: a comparison of
thallium-201 and technetium 99m sestamibi. J Heart Lung
Transplant 1994; 13: 173-180 [PMID: 8031797]
Howarth DM, Forstrom LA, Samudrala V, Sinak LJ, McGregor
CG, Rodeheffer RJ. Evaluation of 201Tl SPET myocardial
perfusion imaging in the detection of coronary artery disease
after orthotopic heart transplantation. Nucl Med Commun 1996;
17: 105-113 [PMID: 8778633]
Ambrosi P, Habib G, Kreitman B, Metras D, Riberi A,
Faugère G, Bernard P, Luccioni R. Thallium perfusion and
myocardial hypertrophy in transplanted heart recipients with
normal or near-normal coronary arteriograms. Eur Heart J
1994; 15: 1119-1123 [PMID: 7988605]
Elhendy A, Sozzi FB, van Domburg RT, Vantrimpont P,
Valkema R, Krenning EP, Roelandt JR, Maat LP, Balk AH.
Accuracy of dobutamine tetrofosmin myocardial perfusion
imaging for the noninvasive diagnosis of transplant coronary
artery stenosis. J Heart Lung Transplant 2000; 19: 360-366
[PMID: 10775817]
Verhoeven PP, Lee FA, Ramahi TM, Franco KL, Mendes
de Leon C, Amatruda J, Gorham NA, Mattera JA, Wackers
FJ. Prognostic value of noninvasive testing one year after
orthotopic cardiac transplantation. J Am Coll Cardiol 1996; 28:
183-189 [PMID: 8752812]
Elhendy A, van Domburg RT, Vantrimpont P, Poldermans D,
Bax JJ, van Gelder T, Baan CC, Schinkel A, Roelandt JR, Balk
AH. Prediction of mortality in heart transplant recipients

December 24, 2014|Volume 4|Issue 4|

Dedieu N et al . Coronay allograft vasculopathy in children

81

82

83

84

85
86

87

88

89

90

91

92

by stress technetium-99m tetrofosmin myocardial perfusion
imaging. Am J Cardiol 2002; 89: 964-968 [PMID: 11950436]
Ciliberto GR, Ruffini L, Mangiavacchi M, Parolini M, Sara
R, Massa D, De Maria R, Gronda E, Vitali E, Parodi O.
Resting echocardiography and quantitative dipyridamole
technetium-99m sestamibi tomography in the identification
of cardiac allograft vasculopathy and the prediction of longterm prognosis after heart transplantation. Eur Heart J 2001;
22: 964-971 [PMID: 11428820 DOI: 10.1053/euhj.2000.2422]
Hacker M, Tausig A, Romüller B, Hoyer X, Klauss V,
Stempfle U, Reichart B, Hahn K, Tiling R. Dobutamine
myocardial scintigraphy for the prediction of cardiac events
after heart transplantation. Nucl Med Commun 2005; 26:
607-612 [PMID: 15942481]
Manrique A, Bernard M, Hitzel A, Bubenheim M, Tron
C, Agostini D, Cribier A, Véra P, Bessou JP, Redonnet M.
Diagnostic and prognostic value of myocardial perfusion
gated SPECT in orthotopic heart transplant recipients. J Nucl
Cardiol 2010; 17: 197-206 [PMID: 20151240 DOI: 10.1007/
s12350-009-9166-x]
Lenihan DJ, Rosenbaum AF, Burwinkel P, Tseng CY, Bhat
G, Wagoner L, Walsh RA, Gerson MC. Prediction of human
transplantation arteriopathy and coronary events with
lung/heart count ratios during intravenous dipyridamole
thallium-201 imaging. Am Heart J 1999; 137: 942-948 [PMID:
10220645]
Bengel FM, Higuchi T, Javadi MS, Lautamäki R. Cardiac
positron emission tomography. J Am Coll Cardiol 2009; 54:
1-15 [PMID: 19555834 DOI: 10.1016/j.jacc.2009.02.065]
Uren NG, Melin JA, De Bruyne B, Wijns W, Baudhuin T, Camici
PG. Relation between myocardial blood flow and the severity
of coronary-artery stenosis. N Engl J Med 1994; 330: 1782-1788
[PMID: 8190154 DOI: 10.1056/NEJM199406233302503]
Allen-Auerbach M, Schöder H, Johnson J, Kofoed K, Einhorn
K, Phelps ME, Kobashigawa J, Czernin J. Relationship
between coronary function by positron emission tomography
and temporal changes in morphology by intravascular
ultrasound (IVUS) in transplant recipients. J Heart Lung
Transplant 1999; 18: 211-219 [PMID: 10328146]
Wu YW, Chen YH, Wang SS, Jui HY, Yen RF, Tzen KY,
Chen MF, Lee CM. PET assessment of myocardial perfusion
reserve inversely correlates with intravascular ultrasound
findings in angiographically normal cardiac transplant
recipients. J Nucl Med 2010; 51: 906-912 [PMID: 20484427 DOI:
10.2967/jnumed.109.073833]
Preumont N, Berkenboom G, Vachiery J, Jansens J, Antoine
M, Wikler D, Damhaut P, Degré S, Lenaers A, Goldman S.
Early alterations of myocardial blood flow reserve in heart
transplant recipients with angiographically normal coronary
arteries. J Heart Lung Transplant 2000; 19: 538-545 [PMID:
10867333]
Mollet NR, Cademartiri F, van Mieghem CA, Runza G,
McFadden EP, Baks T, Serruys PW, Krestin GP, de Feyter
PJ. High-resolution spiral computed tomography coronary
angiography in patients referred for diagnostic conventional
coronary angiography. Circulation 2005; 112: 2318-2323 [PMID:
16203914 DOI: 10.1161/CIRCULATIONAHA.105.533471]
Leber AW, Knez A, von Ziegler F, Becker A, Nikolaou K,
Paul S, Wintersperger B, Reiser M, Becker CR, Steinbeck
G, Boekstegers P. Quantification of obstructive and
nonobstructive coronary lesions by 64-slice computed
tomography: a comparative study with quantitative
coronary angiography and intravascular ultrasound. J Am
Coll Cardiol 2005; 46: 147-154 [PMID: 15992649 DOI: 10.1016/
j.jacc.2005.03.071]
Hoffmann U, Moselewski F, Nieman K, Jang IK, Ferencik
M, Rahman AM, Cury RC, Abbara S, Joneidi-Jafari H,
Achenbach S, Brady TJ. Noninvasive assessment of plaque
morphology and composition in culprit and stable lesions
in acute coronary syndrome and stable lesions in stable

WJT|www.wjgnet.com

93

94

95

96

97

98

99

100
101

102

103

290

angina by multidetector computed tomography. J Am Coll
Cardiol 2006; 47: 1655-1662 [PMID: 16631006 DOI: 10.1016/
j.jacc.2006.01.041]
Sigurdsson G, Carrascosa P, Yamani MH, Greenberg NL,
Perrone S, Lev G, Desai MY, Garcia MJ. Detection of transplant
coronary artery disease using multidetector computed
tomography with adaptative multisegment reconstruction.
J Am Coll Cardiol 2006; 48: 772-778 [PMID: 16904548 DOI:
10.1016/j.jacc.2006.04.082]
Iyengar S, Feldman DS, Cooke GE, Leier CV, Raman SV.
Detection of coronary artery disease in orthotopic heart
transplant recipients with 64-detector row computed
tomography angiography. J Heart Lung Transplant 2006; 25:
1363-1366 [PMID: 17097502 DOI: 10.1016/j.healun.2006.06.018]
Romeo G, Houyel L, Angel CY, Brenot P, Riou JY, Paul JF.
Coronary stenosis detection by 16-slice computed tomography
in heart transplant patients: comparison with conventional
angiography and impact on clinical management. J Am Coll
Cardiol 2005; 45: 1826-1831 [PMID: 15936614 DOI: 10.1016/
j.jacc.2005.02.069]
Schepis T, Achenbach S, Weyand M, Raum P, Marwan M,
Pflederer T, Daniel WG, Tandler R, Kondruweit M, Ropers
D. Comparison of dual source computed tomography
versus intravascular ultrasound for evaluation of coronary
arteries at least one year after cardiac transplantation. Am J
Cardiol 2009; 104: 1351-1356 [PMID: 19892049 DOI: 10.1016/
j.amjcard.2009.06.060]
Bogot NR, Durst R, Shaham D, Admon D. Cardiac CT of
the transplanted heart: indications, technique, appearance,
and complications. Radiographics 2007; 27: 1297-1309 [PMID:
17848692 DOI: 10.1148/rg.275065107]
Nunoda S, Machida H, Sekikawa A, Shitakura K, Okajima
K, Kubo Y, Ueno E, Otsuka K. Evaluation of cardiac allograft
vasculopathy by multidetector computed tomography and
whole-heart magnetic resonance coronary angiography. Circ
J 2010; 74: 946-953 [PMID: 20215697]
Bae KT, Hong C, Takahashi N, Gutierrez F, Sharkey
AM, Hirsch R, Canter CE. Multi-detector row computed
tomographic angiography in pediatric heart transplant
recipients: Initial observations. Transplantation 2004; 77:
599-602 [PMID: 15084942]
Pinto TL, Waksman R. Clinical applications of optical
coherence tomography. J Interv Cardiol 2006; 19: 566-573
[PMID: 17107374 DOI: 10.1111/j.1540-8183.2006.00201.x]
Suter MJ, Nadkarni SK, Weisz G, Tanaka A, Jaffer FA, Bouma
BE, Tearney GJ. Intravascular optical imaging technology
for investigating the coronary artery. JACC Cardiovasc
Imaging 2011; 4: 1022-1039 [PMID: 21920342 DOI: 10.1016/
j.jcmg.2011.03.020]
Tearney GJ, Regar E, Akasaka T, Adriaenssens T, Barlis P,
Bezerra HG, Bouma B, Bruining N, Cho JM, Chowdhary S,
Costa MA, de Silva R, Dijkstra J, Di Mario C, Dudek D, Falk
E, Feldman MD, Fitzgerald P, Garcia-Garcia HM, Gonzalo
N, Granada JF, Guagliumi G, Holm NR, Honda Y, Ikeno
F, Kawasaki M, Kochman J, Koltowski L, Kubo T, Kume T,
Kyono H, Lam CC, Lamouche G, Lee DP, Leon MB, Maehara
A, Manfrini O, Mintz GS, Mizuno K, Morel MA, Nadkarni S,
Okura H, Otake H, Pietrasik A, Prati F, Räber L, Radu MD,
Rieber J, Riga M, Rollins A, Rosenberg M, Sirbu V, Serruys
PW, Shimada K, Shinke T, Shite J, Siegel E, Sonoda S, Suter
M, Takarada S, Tanaka A, Terashima M, Thim T, Uemura S,
Ughi GJ, van Beusekom HM, van der Steen AF, van Es GA,
van Soest G, Virmani R, Waxman S, Weissman NJ, Weisz
G. Consensus standards for acquisition, measurement, and
reporting of intravascular optical coherence tomography
studies: a report from the International Working Group for
Intravascular Optical Coherence Tomography Standardization
and Validation. J Am Coll Cardiol 2012; 59: 1058-1072 [PMID:
22421299]
Khandhar SJ, Yamamoto H, Teuteberg JJ, Shullo MA, Bezerra

December 24, 2014|Volume 4|Issue 4|

Dedieu N et al . Coronay allograft vasculopathy in children

104

105

106

107

108

109

110

111

112

113

114

115

HG, Costa MA, Selzer F, Lee JS, Marroquin OC, McNamara
DM, Mulukutla SR, Toma C. Optical coherence tomography
for characterization of cardiac allograft vasculopathy
after heart transplantation (OCTCAV study). J Heart Lung
Transplant 2013; 32: 596-602 [PMID: 23499356 DOI: 10.1016/
j.healun.2013.02.005]
Garrido IP, García-Lara J, Pinar E, Pastor-Pérez F, SánchezMas J, Valdés-Chavarri M, Pascual-Figal DA. Optical
coherence tomography and highly sensitivity troponin
T for evaluating cardiac allograft vasculopathy. Am J
Cardiol 2012; 110: 655-661 [PMID: 22640973 DOI: 10.1016/
j.amjcard.2012.04.047]
Cassar A, Matsuo Y, Herrmann J, Li J, Lennon RJ, Gulati
R, Lerman LO, Kushwaha SS, Lerman A. Coronary
atherosclerosis with vulnerable plaque and complicated
lesions in transplant recipients: new insight into cardiac
allograft vasculopathy by optical coherence tomography. Eur
Heart J 2013; 34: 2610-2617 [PMID: 23801824 DOI: 10.1093/
eurheartj/eht236]
Kim WY, Danias PG, Stuber M, Flamm SD, Plein S, Nagel E,
Langerak SE, Weber OM, Pedersen EM, Schmidt M, Botnar
RM, Manning WJ. Coronary magnetic resonance angiography
for the detection of coronary stenoses. N Engl J Med 2001; 345:
1863-1869 [PMID: 11756576 DOI: 10.1056/NEJMoa010866]
Botnar RM, Kim WY, Börnert P, Stuber M, Spuentrup E,
Manning WJ. 3D coronary vessel wall imaging utilizing a
local inversion technique with spiral image acquisition. Magn
Reson Med 2001; 46: 848-854 [PMID: 11675634]
Botnar RM, Stuber M, Kissinger KV, Kim WY, Spuentrup E,
Manning WJ. Noninvasive coronary vessel wall and plaque
imaging with magnetic resonance imaging. Circulation 2000;
102: 2582-2587 [PMID: 11085960]
Uribe S, Hussain T, Valverde I, Tejos C, Irarrazaval P, Fava
M, Beerbaum P, Botnar RM, Razavi R, Schaeffter T, Greil
GF. Congenital heart disease in children: coronary MR
angiography during systole and diastole with dual cardiac
phase whole-heart imaging. Radiology 2011; 260: 232-240
[PMID: 21493790 DOI: 10.1148/radiol.11101659]
Tangcharoen T, Bell A, Hegde S, Hussain T, Beerbaum P,
Schaeffter T, Razavi R, Botnar RM, Greil GF. Detection of
coronary artery anomalies in infants and young children
with congenital heart disease by using MR imaging.
Radiology 2011; 259: 240-247 [PMID: 21325034 DOI: 10.1148/
radiol.10100828]
Greil GF, Stuber M, Botnar RM, Kissinger KV, Geva T,
Newburger JW, Manning WJ, Powell AJ. Coronary magnetic
resonance angiography in adolescents and young adults
with kawasaki disease. Circulation 2002; 105: 908-911 [PMID:
11864916]
Schwitter J, Wacker CM, van Rossum AC, Lombardi M,
Al-Saadi N, Ahlstrom H, Dill T, Larsson HB, Flamm SD,
Marquardt M, Johansson L. MR-IMPACT: comparison of
perfusion-cardiac magnetic resonance with single-photon
emission computed tomography for the detection of coronary
artery disease in a multicentre, multivendor, randomized
trial. Eur Heart J 2008; 29: 480-489 [PMID: 18208849 DOI:
10.1093/eurheartj/ehm617]
Jahnke C, Nagel E, Gebker R, Kokocinski T, Kelle S, Manka R,
Fleck E, Paetsch I. Prognostic value of cardiac magnetic resonance
stress tests: adenosine stress perfusion and dobutamine stress wall
motion imaging. Circulation 2007; 115: 1769-1776 [PMID: 17353441
DOI: 10.1161/CIRCULATIONAHA.106.652016]
Muehling OM, Wilke NM, Panse P, Jerosch-Herold M, Wilson
BV, Wilson RF, Miller LW. Reduced myocardial perfusion
reserve and transmural perfusion gradient in heart transplant
arteriopathy assessed by magnetic resonance imaging. J Am
Coll Cardiol 2003; 42: 1054-1060 [PMID: 13678930]
Steen H, Merten C, Refle S, Klingenberg R, Dengler T,
Giannitsis E, Katus HA. Prevalence of different gadolinium
enhancement patterns in patients after heart transplantation.

WJT|www.wjgnet.com

116

117

118

119

120

121

122

123

124

125

126

127

291

J Am Coll Cardiol 2008; 52: 1160-1167 [PMID: 18804744 DOI:
10.1016/j.jacc.2008.05.059]
Braggion-Santos MF, Andre F, Lossnitzer D, Hofmann E,
Simpfendörfer J, Dösch A, Katus HA, Steen H. Prevalence of
different forms of infarct-atypical late gadolinium enhancement
in patients early and late after heart transplantation. Clin
Res Cardiol 2014; 103: 57-63 [PMID: 24122145 DOI: 10.1007/
s00392-013-0623-9]
Hussain T, Burch M, Fenton MJ, Whitmore PM, Rees P, Elliott
M, Aurora P. Positive pretransplantation cytomegalovirus
serology is a risk factor for cardiac allograft vasculopathy in
children. Circulation 2007; 115: 1798-1805 [PMID: 17353448
DOI: 10.1161/CIRCULATIONAHA.106.627570]
Miller CA, Sarma J, Naish JH, Yonan N, Williams SG, Shaw
SM, Clark D, Pearce K, Stout M, Potluri R, Borg A, Coutts
G, Chowdhary S, McCann GP, Parker GJ, Ray SG, Schmitt
M. Multiparametric cardiovascular magnetic resonance
assessment of cardiac allograft vasculopathy. J Am Coll
Cardiol 2014; 63: 799-808 [PMID: 24355800 DOI: 10.1016/
j.jacc.2013.07.119]
Blum A, Shamburek R. The pleiotropic effects of statins on
endothelial function, vascular inflammation, immunomodulation
and thrombogenesis. Atherosclerosis 2009; 203: 325-330 [PMID:
18834985 DOI: 10.1016/j.atherosclerosis.2008.08.022]
Anderson TJ, Uehata A, Gerhard MD, Meredith IT, Knab S,
Delagrange D, Lieberman EH, Ganz P, Creager MA, Yeung
AC. Close relation of endothelial function in the human
coronary and peripheral circulations. J Am Coll Cardiol 1995;
26: 1235-1241 [PMID: 7594037]
Treasure CB, Klein JL, Weintraub WS, Talley JD, Stillabower
ME, Kosinski AS, Zhang J, Boccuzzi SJ, Cedarholm JC,
Alexander RW. Beneficial effects of cholesterol-lowering
therapy on the coronary endothelium in patients with
coronary artery disease. N Engl J Med 1995; 332: 481-487
[PMID: 7830728 DOI: 10.1056/NEJM199502233320801]
Wenke K, Meiser B, Thiery J, Nagel D, von Scheidt W,
Krobot K, Steinbeck G, Seidel D, Reichart B. Simvastatin
initiated early after heart transplantation: 8-year prospective
experience. Circulation 2003; 107: 93-97 [PMID: 12515749]
Mehra MR, Uber PA, Vivekananthan K, Solis S, Scott RL,
Park MH, Milani RV, Lavie CJ. Comparative beneficial effects
of simvastatin and pravastatin on cardiac allograft rejection
and survival. J Am Coll Cardiol 2002; 40: 1609-1614 [PMID:
12427413]
Mehra MR, Raval NY. Metaanalysis of statins and survival
in de novo cardiac transplantation. Transplant Proc 2004; 36:
1539-1541 [PMID: 15251380 DOI: 10.1016/j.transproceed.2004
.05.036]
Costanzo MR, Dipchand A, Starling R, Anderson A, Chan M,
Desai S, Fedson S, Fisher P, Gonzales-Stawinski G, Martinelli
L, McGiffin D, Smith J, Taylor D, Meiser B, Webber S, Baran
D, Carboni M, Dengler T, Feldman D, Frigerio M, Kfoury
A, Kim D, Kobashigawa J, Shullo M, Stehlik J, Teuteberg J,
Uber P, Zuckermann A, Hunt S, Burch M, Bhat G, Canter C,
Chinnock R, Crespo-Leiro M, Delgado R, Dobbels F, Grady K,
Kao W, Lamour J, Parry G, Patel J, Pini D, Towbin J, Wolfel
G, Delgado D, Eisen H, Goldberg L, Hosenpud J, Johnson
M, Keogh A, Lewis C, O’Connell J, Rogers J, Ross H, Russell
S, Vanhaecke J. The International Society of Heart and Lung
Transplantation Guidelines for the care of heart transplant
recipients. J Heart Lung Transplant 2010; 29: 914-956 [PMID:
20643330 DOI: 10.1016/j.healun.2010.05.034]
Valentine VG, Weill D, Gupta MR, Raper B, Laplace SG,
Lombard GA, Bonvillain RW, Taylor DE, Dhillon GS.
Ganciclovir for cytomegalovirus: a call for indefinite prophylaxis
in lung transplantation. J Heart Lung Transplant 2008; 27: 875-881
[PMID: 18656801 DOI: 10.1016/j.healun.2008.05.009]
Fearon WF, Potena L, Hirohata A, Sakurai R, Yamasaki M,
Luikart H, Lee J, Vana ML, Cooke JP, Mocarski ES, Yeung AC,
Valantine HA. Changes in coronary arterial dimensions early

December 24, 2014|Volume 4|Issue 4|

Dedieu N et al . Coronay allograft vasculopathy in children

128

129

130

131

132

133

134

135

136

137

138

after cardiac transplantation. Transplantation 2007; 83: 700-705
[PMID: 17414701 DOI: 10.1097/01.tp.0000256335.84363.9b]
Mehra MR, Ventura HO, Smart FW, Collins TJ, Ramee
SR, Stapleton DD. An intravascular ultrasound study of
the influence of angiotensin-converting enzyme inhibitors
and calcium entry blockers on the development of cardiac
allograft vasculopathy. Am J Cardiol 1995; 75: 853-854 [PMID:
7717300]
Schroeder JS, Gao SZ, Alderman EL, Hunt SA, Johnstone
I, Boothroyd DB, Wiederhold V, Stinson EB. A preliminary
study of diltiazem in the prevention of coronary artery disease
in heart-transplant recipients. N Engl J Med 1993; 328: 164-170
[PMID: 8417382 DOI: 10.1056/NEJM199301213280303]
Erinc K, Yamani MH, Starling RC, Crowe T, Hobbs R, BottSilverman C, Rincon G, Young JB, Feng J, Cook DJ, Smedira N,
Tuzcu EM. The effect of combined Angiotensin-converting
enzyme inhibition and calcium antagonism on allograft
coronary vasculopathy validated by intravascular ultrasound.
J Heart Lung Transplant 2005; 24: 1033-1038 [PMID: 16102438
DOI: 10.1016/j.healun.2004.06.005]
Meiser BM, Groetzner J, Kaczmarek I, Landwehr P, Müller
M, Jung S, Uberfuhr P, Fraunberger P, Stempfle HU, Weis
M, Reichart B. Tacrolimus or cyclosporine: which is the
better partner for mycophenolate mofetil in heart transplant
recipients? Transplantation 2004; 78: 591-598 [PMID: 15446320]
Grimm M, Rinaldi M, Yonan NA, Arpesella G, Arizón Del
Prado JM, Pulpón LA, Villemot JP, Frigerio M, Rodriguez
Lambert JL, Crespo-Leiro MG, Almenar L, Duveau D,
Ordonez-Fernandez A, Gandjbakhch J, Maccherini M, Laufer
G. Superior prevention of acute rejection by tacrolimus vs.
cyclosporine in heart transplant recipients--a large European
trial. Am J Transplant 2006; 6: 1387-1397 [PMID: 16686762
DOI: 10.1111/j.1600-6143.2006.01300.x]
Kobashigawa JA, Miller LW, Russell SD, Ewald GA, Zucker MJ,
Goldberg LR, Eisen HJ, Salm K, Tolzman D, Gao J, Fitzsimmons
W, First R. Tacrolimus with mycophenolate mofetil (MMF)
or sirolimus vs. cyclosporine with MMF in cardiac transplant
patients: 1-year report. Am J Transplant 2006; 6: 1377-1386 [PMID:
16686761 DOI: 10.1111/j.1600-6143.2006.01290.x]
Segovia J, Gómez-Bueno M, Alonso-Pulpón L. Treatment of
allograft vasculopathy in heart transplantation. Expert Opin
Pharmacother 2006; 7: 2369-2383 [PMID: 17109612 DOI: 10.151
7/14656566.7.17.2369]
Petrakopoulou P, Anthopoulou L, Muscholl M, Klauss V,
von Scheidt W, Uberfuhr P, Meiser BM, Reichart B, Weis
M. Coronary endothelial vasomotor function and vascular
remodeling in heart transplant recipients randomized for
tacrolimus or cyclosporine immunosuppression. J Am Coll
Cardiol 2006; 47: 1622-1629 [PMID: 16631000 DOI: 10.1016/
j.jacc.2005.10.073]
Eisen HJ, Kobashigawa J, Keogh A, Bourge R, Renlund D,
Mentzer R, Alderman E, Valantine H, Dureau G, Mancini D,
Mamelok R, Gordon R, Wang W, Mehra M, Constanzo MR,
Hummel M, Johnson J. Three-year results of a randomized,
double-blind, controlled trial of mycophenolate mofetil
versus azathioprine in cardiac transplant recipients. J Heart
Lung Transplant 2005; 24: 517-525 [PMID: 15896747 DOI:
10.1016/j.healun.2005.02.002]
Kobashigawa JA, Tobis JM, Mentzer RM, Valantine HA,
Bourge RC, Mehra MR, Smart FW, Miller LW, Tanaka K,
Li H, Gjertson DW, Gordon RD. Mycophenolate mofetil
reduces intimal thickness by intravascular ultrasound after
heart transplant: reanalysis of the multicenter trial. Am J
Transplant 2006; 6: 993-997 [PMID: 16611335 DOI: 10.1111/
j.1600-6143.2006.01297.x]
Kaczmarek I, Ertl B, Schmauss D, Sadoni S, Knez A,
Daebritz S, Meiser B, Reichart B. Preventing cardiac allograft
vasculopathy: long-term beneficial effects of mycophenolate
mofetil. J Heart Lung Transplant 2006; 25: 550-556 [PMID:
16678034 DOI: 10.1016/j.healun.2006.01.003]

WJT|www.wjgnet.com

139 Sehgal SN. Sirolimus: its discovery, biological properties,
and mechanism of action. Transplant Proc 2003; 35: 7S-14S
[PMID: 12742462]
140 Raichlin E, Kushwaha SS. Proliferation signal inhibitors
and cardiac allograft vasculopathy. Curr Opin Organ
Transplant 2008; 13: 543-550 [PMID: 19060540 DOI: 10.1097/
MOT.0b013e32830fdf70]
141 Eisen HJ, Tuzcu EM, Dorent R, Kobashigawa J, Mancini D,
Valantine-von Kaeppler HA, Starling RC, Sørensen K, Hummel
M, Lind JM, Abeywickrama KH, Bernhardt P. Everolimus
for the prevention of allograft rejection and vasculopathy in
cardiac-transplant recipients. N Engl J Med 2003; 349: 847-858
[PMID: 12944570 DOI: 10.1056/NEJMoa022171]
142 Viganò M, Tuzcu M, Benza R, Boissonnat P, Haverich A, Hill
J, Laufer G, Love R, Parameshwar J, Pulpón LA, Renlund D,
Abeywickrama K, Cretin N, Starling RC, Eisen HJ. Prevention
of acute rejection and allograft vasculopathy by everolimus
in cardiac transplants recipients: a 24-month analysis. J Heart
Lung Transplant 2007; 26: 584-592 [PMID: 17543781 DOI:
10.1016/j.healun.2007.03.005]
143 Eisen H. Long-term cardiovascular risk in transplantation-insights from the use of everolimus in heart transplantation.
Nephrol Dial Transplant 2006; 21 Suppl 3: iii9-ii13 [PMID:
16815858 DOI: 10.1093/ndt/gfl295]
144 Andreassen AK, Andersson B, Gustafsson F, Eiskjaer H,
Rådegran G, Gude E, Jansson K, Solbu D, Sigurdardottir V,
Arora S, Dellgren G, Gullestad L. Everolimus Initiation and
Early Calcineurin Inhibitor Withdrawal in Heart Transplant
Recipients: A Randomized Trial. Am J Transplant 2014; 14:
1828-1838 [PMID: 25041227 DOI: 10.1111/ajt.12809]
145 Mancini D, Pinney S, Burkhoff D, LaManca J, Itescu S,
Burke E, Edwards N, Oz M, Marks AR. Use of rapamycin
slows progression of cardiac transplantation vasculopathy.
Circulation 2003; 108: 48-53 [PMID: 12742978 DOI: 10.1161/01.
CIR.0000070421.38604.2B]
146 Keogh A, Richardson M, Ruygrok P, Spratt P, Galbraith A,
O’Driscoll G, Macdonald P, Esmore D, Muller D, Faddy S.
Sirolimus in de novo heart transplant recipients reduces acute
rejection and prevents coronary artery disease at 2 years:
a randomized clinical trial. Circulation 2004; 110: 2694-2700
[PMID: 15262845 DOI: 10.1161/01.CIR.0000136812.90177.94]
147 Lyster H, Panicker G, Leaver N, Banner NR. Initial experience
with sirolimus and mycophenolate mofetil for renal rescue
from cyclosporine nephrotoxicity after heart transplantation.
Transplant Proc 2004; 36: 3167-3170 [PMID: 15686720 DOI:
10.1016/j.transproceed.2004.10.062]
148 Rothenburger M, Teerling E, Bruch C, Lehmkuhl H,
Suwelack B, Bara C, Wichter T, Hinder F, Schmid C,
Stypmann J. Calcineurin inhibitor-free immunosuppression
using everolimus (Certican) in maintenance heart transplant
recipients: 6 months’ follow-up. J Heart Lung Transplant 2007;
26: 250-257 [PMID: 17346627 DOI: 10.1016/j.healun.2007.01.017]
149 Groetzner J, Kaczmarek I, Meiser B, Müller M, Daebritz
S, Reichart B. Sirolimus and mycophenolate mofetil as
calcineurin inhibitor-free immunosuppression in a cardiac
transplant patient with chronic renal failure. J Heart Lung
Transplant 2004; 23: 770-773 [PMID: 15366440]
150 Groetzner J, Kaczmarek I, Landwehr P, Mueller M, Daebritz S,
Lamm P, Meiser B, Reichart B. Renal recovery after conversion
to a calcineurin inhibitor-free immunosuppression in late
cardiac transplant recipients. Eur J Cardiothorac Surg 2004; 25:
333-341 [PMID: 15019657 DOI: 10.1016/j.ejcts.2003.11.030]
151 Hunt J, Lerman M, Magee MJ, Dewey TM, Herbert M, Mack
MJ. Improvement of renal dysfunction by conversion from
calcineurin inhibitors to sirolimus after heart transplantation.
J Heart Lung Transplant 2005; 24: 1863-1867 [PMID: 16297793
DOI: 10.1016/j.healun.2005.02.018]
152 Raichlin E, Bae JH, Khalpey Z, Edwards BS, Kremers WK, Clavell
AL, Rodeheffer RJ, Frantz RP, Rihal C, Lerman A, Kushwaha
SS. Conversion to sirolimus as primary immunosuppression

292

December 24, 2014|Volume 4|Issue 4|

Dedieu N et al . Coronay allograft vasculopathy in children

153

154

155

156

157

158

159

160

attenuates the progression of allograft vasculopathy after
cardiac transplantation. Circulation 2007; 116: 2726-2733 [PMID:
18025531 DOI: 10.1161/CIRCULATIONAHA.107.692996]
Topilsky Y, Hasin T, Raichlin E, Boilson BA, Schirger JA, Pereira
NL, Edwards BS, Clavell AL, Rodeheffer RJ, Frantz RP, Maltais
S, Park SJ, Daly RC, Lerman A, Kushwaha SS. Sirolimus as
primary immunosuppression attenuates allograft vasculopathy
with improved late survival and decreased cardiac events after
cardiac transplantation. Circulation 2012; 125: 708-720 [PMID:
22207715 DOI: 10.1161/CIRCULATIONAHA.111.040360]
Arora S, Erikstad I, Ueland T, Sigurdardottir V, Ekmehag B,
Jansson K, Eiskjaer H, Bøtker HE, Mortensen SA, Saunamaki
K, Gude E, Ragnarsson A, Solbu D, Aukrust P, Gullestad L.
Virtual histology assessment of cardiac allograft vasculopathy
following introduction of everolimus--results of a multicenter
trial. Am J Transplant 2012; 12: 2700-2709 [PMID: 22958738
DOI: 10.1111/j.1600-6143.2012.04234.x]
Zuckermann A, Manito N, Epailly E, Fiane A, Bara C, Delgado
JF, Lehmkuhl H, Ross H, Eisen H, Chapman J, Valantine H.
Multidisciplinary insights on clinical guidance for the use
of proliferation signal inhibitors in heart transplantation. J
Heart Lung Transplant 2008; 27: 141-149 [PMID: 18267219 DOI:
10.1016/j.healun.2007.08.014]
Demopoulos L, Polinsky M, Steele G, Mines D, Blum M,
Caulfield M, Adamkovic A, Liu Q, Harler MB, Hahn C, Singh
A. Reduced risk of cytomegalovirus infection in solid organ
transplant recipients treated with sirolimus: a pooled analysis
of clinical trials. Transplant Proc 2008; 40: 1407-1410 [PMID:
18589118 DOI: 10.1016/j.transproceed.2008.03.084]
Hill JA, Hummel M, Starling RC, Kobashigawa JA, Perrone
SV, Arizón JM, Simonsen S, Abeywickrama KH, Bara C. A
lower incidence of cytomegalovirus infection in de novo
heart transplant recipients randomized to everolimus.
Transplantation 2007; 84: 1436-1442 [PMID: 18091519 DOI:
10.1097/01.tp.0000290686.68910.bd]
Nepomuceno RR, Balatoni CE, Natkunam Y, Snow AL,
Krams SM, Martinez OM. Rapamycin inhibits the interleukin
10 signal transduction pathway and the growth of Epstein
Barr virus B-cell lymphomas. Cancer Res 2003; 63: 4472-4480
[PMID: 12907620]
Benza RL, Zoghbi GJ, Tallaj J, Brown R, Kirklin JK, Hubbard M,
Rayburn B, Foley B, McGiffin DC, Pinderski LJ, Misra V, Bourge
RC. Palliation of allograft vasculopathy with transluminal
angioplasty: a decade of experience. J Am Coll Cardiol 2004; 43:
1973-1981 [PMID: 15172400 DOI: 10.1016/j.jacc.2004.02.045]
Simpson L, Lee EK, Hott BJ, Vega DJ, Book WM. Long-term
results of angioplasty vs stenting in cardiac transplant recipients
with allograft vasculopathy. J Heart Lung Transplant 2005; 24:

1211-1217 [PMID: 16143235 DOI: 10.1016/j.healun.2004.10.005]
161 Jonas M, Fang JC, Wang JC, Giri S, Elian D, Har-Zahav Y,
Ly H, Seifert PA, Popma JJ, Rogers C. In-stent restenosis and
remote coronary lesion progression are coupled in cardiac
transplant vasculopathy but not in native coronary artery
disease. J Am Coll Cardiol 2006; 48: 453-461 [PMID: 16875968
DOI: 10.1016/j.jacc.2006.01.081]
162 Halle AA, DiSciascio G, Massin EK, Wilson RF, Johnson MR,
Sullivan HJ, Bourge RC, Kleiman NS, Miller LW, Aversano
TR. Coronary angioplasty, atherectomy and bypass surgery
in cardiac transplant recipients. J Am Coll Cardiol 1995; 26:
120-128 [PMID: 7797740]
163 Schnetzler B, Drobinski G, Dorent R, Camproux AC, Ghossoub
J, Thomas D, Gandjbakhch I. The role of percutaneous
transluminal coronary angioplasty in heart transplant recipients.
J Heart Lung Transplant 2000; 19: 557-565 [PMID: 10867336]
164 Doshi AA, Rogers J, Kern MJ, Hauptman PJ. Effectiveness
of percutaneous coronary intervention in cardiac allograft
vasculopathy. Am J Cardiol 2004; 93: 90-92 [PMID: 14697475]
165 Fernández-Yáñez J, Palomo J, Elízaga J, Moreno J, Sánchez
A, Almendral J. Results of percutaneous revascularization in
cardiac allograft vascular disease. Transplant Proc 2003; 35:
1996-1998 [PMID: 12962874]
166 Bader FM, Kfoury AG, Gilbert EM, Barry WH, Humayun N,
Hagan ME, Thomas H, Renlund D. Percutaneous coronary
interventions with stents in cardiac transplant recipients. J
Heart Lung Transplant 2006; 25: 298-301 [PMID: 16507423 DOI:
10.1016/j.healun.2005.09.016]
167 Musci M, Loebe M, Wellnhofer E, Meyer R, Pasic M,
Hummel M, Bocksch W, Grauhan O, Weng Y, Hetzer R.
Coronary angioplasty, bypass surgery, and retransplantation
in cardiac transplant patients with graft coronary disease.
Thorac Cardiovasc Surg 1998; 46: 268-274 [PMID: 9885117 DOI:
10.1055/s-2007-1010237]
168 Patel VS, Radovancevic B, Springer W, Frazier OH, Massin
E, Benrey J, Kadipasaoglu K, Cooley DA. Revascularization
procedures in patients with transplant coronary artery disease.
Eur J Cardiothorac Surg 1997; 11: 895-901 [PMID: 9196306]
169 Topkara VK, Dang NC, John R, Cheema FH, Barbato R,
Cavallo M, Liu JF, Liang LM, Liberman EA, Argenziano M, Oz
MC, Naka Y. A decade experience of cardiac retransplantation
in adult recipients. J Heart Lung Transplant 2005; 24: 1745-1750
[PMID: 16297775 DOI: 10.1016/j.healun.2005.02.015]
170 Srivastava R, Keck BM, Bennett LE, Hosenpud JD. The
results of cardiac retransplantation: an analysis of the Joint
International Society for Heart and Lung Transplantation/
United Network for Organ Sharing Thoracic Registry.
Transplantation 2000; 70: 606-612 [PMID: 10972218]
P- Reviewer: Izawa KP, Petix NR, Said SAM S- Editor: Ji FF
L- Editor: A E- Editor: Lu YJ

WJT|www.wjgnet.com

293

December 24, 2014|Volume 4|Issue 4|

WJT

World Journal of
Transplantation
World J Transplant 2014 December 24; 4(4): 294-298
ISSN 2220-3230 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5500/wjt.v4.i4.294

© 2014 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Role of liver transplantation in the management of
hepatoblastoma in the pediatric population
Saira Khaderi, Jacfranz Guiteau, Ronald T Cotton, Christine O’Mahony, Abbas Rana, John A Goss
followed by surgical resection with the goal of complete
tumor removal. Classic treatments regimens include a
combination of cisplatin, fluorouracil, and vincristine or
cisplatin and doxorubicin. Liver transplantation is the
only treatment option for unresectable HB. In 2010 the
pediatric end-stage liver disease, a pediatric-specific
scoring system that determines a patient’s ranking on the
liver transplant list, began to award additional “exception”
points for patients with HB. We analyzed the Standard
Transplant Analysis and Research dataset to assess the
impact of changes in exception point criteria for HB on
outcomes after liver transplantation at Texas Children’s
Hospital in Houston, Texas. We found that patients who
were listed for transplantation with current HB exception
criteria experienced a shorter waitlist time but survival was
similar between the two eras.
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Abstract
Hepatoblastoma (HB) is the most common primary
liver tumor in children and accounts for two-thirds of all
malignant liver neoplasms in the pediatric population.
For patients with advanced HB (unresectable or
unresponsive to chemotherapy), combined treatment with
chemotherapy and liver transplantation is an excellent
option. The etiology of HB is mostly obscure because of
its extreme rarity although some inherited syndromes and
very low birth weight have been associated with it. The
prognosis for children with HB has significantly improved
in the past three decades thanks to advancements in
chemotherapy, surgical resection and postoperative care.
In 2002 a surgical staging system called pretreatment
extent of disease (PRETEXT) was designed to allow a
universal, multidisciplinary approach to patients with HB.
Between one-third to two-thirds of patients initially present
with unresectable tumors or distant metastases, but up to
85% of these tumors become operable after neoadjuvant
chemotherapy. Patients with PRETEXT categories 1, 2,
and some 3 are referred for neoadjuvant chemotherapy
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Core tip: Hepatoblastoma (HB) is the most common
primary liver tumor in children. Between one-third to
two-thirds of patients present with unresectable tumors
or distant metastases, but up to 85% of these tumors
become operable after neoadjuvant chemotherapy. Liver
transplantation is the only treatment option for unresectable
HB. In 2010 the pediatric end-stage liver disease scoring
system began to award additional “exception” points for
patients with HB. We analyzed the Standard Transplant
Analysis and Research dataset and found that patients who
were listed for transplantation with current HB exception
criteria experienced a shorter waitlist time but survival was
similar between the two eras.
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EXTent of disease (PRETEXT) was designed to allow a
universal, multidisciplinary approach to patients with HB
(Figure 1). The main aim of PRETEXT grouping was to
identify patients in whom complete tumor resection was
possible with a partial hepatectomy. Physicians placed
patients in one of four PRETEXT categories based on
the extent of their tumor on imaging. The liver is divided
into four sectors in the PRETEXT system - anterior and
posterior on the right and a medial and lateral sector on the
left. Four groups were identified based on tumor extension:
PRETEXT Ⅰ, tumor only in one sector; PRETEXT Ⅱ,
tumor involves two sectors; PRETEXT Ⅲ, tumor involves
three sectors or two non-adjoining sectors; and PRETEXT
4, tumor involves all four sectors[11]. These categories are
further characterized by describing extrahepatic spread: V for
involvement of the hepatic veins and/or inferior vena cava,
P for involvement of the portal vein, E for extrahepatic
tumor extension, and M for distant metastases[11].
Between one-third to two-thirds of patients initially
present with unresectable tumors or distant metastases,
but up to 85% of these tumors become operable after
neoadjuvant chemotherapy[12]. Preoperative chemotherapy
has many advantages. It is responsible for making tumors
smaller and more demarcated from the surrounding
liver. Most surgeons agree that operating on tumors
that shrink with chemotherapy is easier because the
tumor is more defined and less prone to bleeding. It also
exposes metastases (both visible and micrometastases) to
chemotherapy earlier. In one trial, up to 52% of patients
with initial lung metastases achieved complete remission
with chemotherapy alone[13]. Classic treatment regimens
include a combination of cisplatin, fluorouracil, and
vincristine or cisplatin and doxorubicin. Although an
effective agent, patients treated with doxorubicin can
have a higher incidence of treatment complications and
toxic death-especially from heart failure[14]. More recent
studies have shown the effectiveness of single-agent
cisplatin treatment in both standard and high-risk patients
with HB[15,16] decreasing the likelihood of chemotherapyinduced toxicity.
Patients with PRETEXT categories 1, 2, and some
3 are referred for neoadjuvant chemotherapy followed
by surgical resection with the goal of complete tumor
removal. Current chemotherapy at our institution consists
of cisplatin, 5-fluorouracil, and vincristine or vincristine
and doxorubicin. Patients will undergo four rounds of
chemotherapy prior to resection and two rounds after
resection. Disease-free survival following partial liver
resection under these circumstances has been reported to
be greater than 70%[2]. It has been argued that tumors with
favorable prognostic factors, such as pure fetal histology
and low mitotic rate, may not require toxic chemotherapy
and should be treated with surgical resection only[17].
However, the treatment regimen at our institution closely
follows the precedent set forth in European studies
which emphasize the use of neoadjuvant chemotherapy
in all HB patients because of the high frequency of HB
chemosensitivity[11,18].
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INTRODUCTION
Hepatoblastoma (HB) is the most common primary
liver tumor in children and accounts for two-thirds of all
malignant liver neoplasms in the pediatric population[1].
Standard treatment of HB includes neoadjuvant chemotherapy
and surgical resection followed by adjuvant chemotherapy.
For patients with advanced HB (unresectable or unresponsive
to chemotherapy), combined treatment with chemotherapy
and liver transplantation is an excellent option[2]. This article
briefly reviews the epidemiology and treatment of HB in
the pediatric population with an emphasis on the role of
orthotopic liver transplantation (OLT).

EPIDEMIOLOGY
The etiology of HB is mostly obscure because of its extreme
rarity. The rate of HB in the United States Surveillance,
Epidemiology, and End Results (SEER) from 2002-2008
was 10.5 cases per million in children less than one year of
age and 5.2 cases per million in children 1 through 4 years
of age[3]. It is assumed the tumor originates in utero for two
reasons. Histologically HB cells resemble embryonal liver
cells and the incidence is highest at birth suggesting the
process is initiated during gestation[4].
Some inherited syndromes have been associated with HB.
Incidence of HB among children with Familial Adenomatous
Polyposis was found to be 847 times the incidence in the
SEER population[5]. Those with the Beckwith-Wiedemann
overgrowth syndrome had an incidence 2280 times that of
the United States population of the same age[6]. Although
these inherited conditions raise the risk of HB, they account
for only a few cases overall.
Very low birth weight (< 1500 g) increases the risk of
HB in children 20-fold and moderate low birth weight
(1500-2500 g) doubles the risk[7]. The association of low
birth weight and HB has two explanations. HB may be
initiated or promoted by iatrogenic hazards in the neonatal
intensive care units [8] in combination with decreased
antioxidant defense mechanisms of pre-term infants[9].
Alternatively, HB and very low birth weight may share a
common mechanism and the increase in survival of these
patients has made the association more apparent.

TREATMENT
The prognosis for children with HB has significantly
improved in the past three decades thanks to advancements
in chemotherapy, surgical resection and postoperative
care[10]. Prior to the discovery of effective chemotherapy,
cure was limited to completely resectable tumors and
overall survival was dismal[10].
Early experiences with successful cure were sporadic at
best and were limited to lesions that could be completely
resected. In 2002 a staging system called the PRETreatment
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Figure 1 Pretreatment (pretreatment extent of disease) grouping system. Printed with permission from Baylor College of Medicine.

Liver transplant
Liver transplantation is the only treatment option for
unresectable HB. Transplant should be considered in
the following cases: multifocal disease (PRETEXT Ⅳ),
PRETEXT Ⅲ with the tumor in close proximity to
major vessels, and tumor extension into major vessels.
Patients that fall into these categories at our institution
are listed for OLT immediately after the diagnosis of
HB is confirmed and undergo chemotherapy while they
await transplantation. Overall patient survival at 6 years
has been reported to be over 80% making OLT the
preferred treatment modality in this group[19]. Patients
with intrahepatic recurrence or residual tumor after
resection are rarely candidates for transplant because of
poor outcomes[19].
There are few contraindications to OLT for unresectable
HB. Patients with persistent pulmonary metastases despite
neoadjuvant therapy and those with viable extrahepatic
tumor not amenable to resection are not candidates
for OLT. Patients that present with lung metastases are
candidates for OLT if their lung metastases resolve with
chemotherapy or with resection. Those with extrahepatic
disease that remains viable after full chemotherapy and not
amenable to surgical resection represent the only absolute
contraindication to OLT in patients with HB[19].
Organ allocation rules for children with HB have
changed over the past decade. The pediatric end-stage liver
disease (PELD) is a pediatric-specific scoring system that
was adopted in 2002 to help determine a patient’s ranking
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on the liver transplant list. The effect of the system has
been to decrease the rate of death and removal from the
transplant list and increase the percentage of children who
receive a deceased donor organ. The score is based on
total bilirubin, coagulopathy, serum albumin, age < 1 year
and growth failure, but additional “exception” points may
be awarded for risk factors not represented by the PELD
equation. For example, patients with unresectable HB are
listed with a PELD score of 30 for 30 d and are increased
to status 1B if they have not been transplanted.
We analyzed the Standard Transplant Analysis and
Research dataset to assess the impact of changes in
exception point criteria for HB on outcomes after liver
transplantation at Texas Children’s Hospital in Houston,
Texas. Patients who underwent orthotopic liver transplant
in our center from 1987-2014 with recipient diagnosis of
either HB, cirrhosis post-resection of HB, or for whom
a MELD exception was granted for non-metastatic HB
were selected for analysis. Patients were grouped based on
date of initial listing for transplantation. The 1987-2009
era preceded the current policy for HB exception while the
2010-2014 era followed its implementation. Differences
in age at listing, recipient gender, waitlist time, and posttransplant patient survival between the two groups were
calculated. To examine the difference between the number
of patients listed in each era, a one-sample binomial test was
used. Independent samples Mann-Whitney U testing was
performed to compute differences in means between the
two groups, while Pearson’s Chi-Squared was employed for
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Patient survival by Era of transplantation

Table 1 Pediatric patients transplanted for hepatoblastoma at our
center before (Era 1) and after (Era 2) implementation of pediatric
end-stage liver disease exception points for hepatoblastoma

1.0

Total patients listed
for transplantation
Gender
Male
Female
Age at listing (yr)
Age at transplant (yr)
Waitlist time (d)

Era 1
(1987-2009)

Era 2
(2010-2014)

Significance
(P -value)

7

14

0.189

Cumulative survival

0.8

0.557
57.10%
42.90%
5.4
5.6
45.6

35.70%
64.30%
2
2.1
25.4

0.094
0.110
0.025

0.6
0.4

Era of transplantation
1987-2009
2009-2014
1987-2009-censored events
2009-2014-censored events

0.2
0.0

0.00 10.00 20.00 30.00 40.00 50.00 60.00
Survival time (mo)

differences in frequencies. Actuarial survival was assessed
via the Kaplan-Meier Method. All statistical computations
were performed with SPSS version 22 (IBM Armonk, New
York).
Descriptive statistics for patients transplanted in each
era are displayed in Table 1. A statistically similar number
of patients were transplanted in each group (7 vs 14, P
= 0.189). Similarly, there was no significant difference in
gender, age at listing, and age at transplantation between
the two eras. Patients listed for transplantation with the
current HB exception criteria experienced a shorter
waitlist time (45.5 d vs 25.4 d, P = 0.025).
Figure 2 demonstrates patient survival in our center
before and after implementation of the revised HB
exception policy. From 1987-2009, 30-d, one-year, and fiveyear survival following liver transplant in our center was
98.6%, 87.0%, and 77.4%, respectively. In comparison,
30-d, one-year survival following transplantation from
2010-2014 was 97.1% and 90.5%. Statistically, patient
survival is similar between the two eras (P = 0.7).

Figure 2 Patient survival by Era of transplantation.

2

3

4

CONCLUSION

5

In conclusion, standard treatment with neoadjuvant
chemotherapy, surgical resection followed by adjuvant
chemotherapy is a good option for most pediatric and
adolescent patients with HB. For those with tumors
that are unresectable or unresponsive to chemotherapy,
combined treatment with chemotherapy and liver
transplantation is an excellent option. PELD exception
points for HB have decreased the wait time for most
patients listed for transplant but it is too soon to
determine if this translates into increased survival for the
group.
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1400W reduces ischemia reperfusion injury in an ex-vivo
porcine model of the donation after circulatory death kidney
donor
Sarah A Hosgood, Phillip J Yates, Michael L Nicholson
level of creatinine clearance (CrCl) [area under the curve
(AUC) CrCl: 2.37 ± 0.97 mL/min per 100 g vs 0.96 ± 0.32
mL/min per 100 g, P = 0.004] and urine output [Total:
320 ± 96 mL vs 156 ± 82 mL, P = 0.008]. There was no
significant difference in levels of fractional excretion of
sodium (AUC, Fr ex Na+: Control, 186.3% ± 81.7%.h vs
1400W, 153.4% ± 12.1%.h, P = 0.429). Levels of total
protein creatinine ratio were significantly lower in the
1400W group after 1 h of reperfusion (1h Pr/Cr: 1400W
9068 ± 6910 mg/L/mmol/L vs Control 21586 ± 5464
mg/L/mmol/L, P = 0.026). Levels of 8-isoprostane were
significantly lower in the 1400W group [8-iso/creatinine
ratio: Control 239 ± 136 pg/L/mmol/L vs 1400W 139 ±
47 pg/L/mmol/L, P = 0.041].
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CONCLUSION: This study demonstrated that 1400W
reduced ischaemia reperfusion injury in this porcine kidney
model of DCD donor. Kidneys had improved renal function
and reduced oxidative stress.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Kidney; Transplantation; Ischemia; Donation
after circulatory death; Inducible nitric oxide

AIM: To investigate the effects of 1400W-a selective
inducible nitric oxide synthase (iNOS) inhibitor in a model
of donation after circulatory death (DCD) kidneys.

Core tip: It is important to examine the effects of therapies
that can reduce ischemia reperfusion injury particularly
in donation after circulatory death donor kidneys. The
biological role of inducible nitric oxide synthase (iNOS) is
somewhat controversial. This study uses a large animal
ex vivo model to assess the effects of 1400W, an iNOS
inhibitor. The model provides a functional assessment
of each kidney, providing a close simulation to clinical
transplantation. The study found that 1400W improved
early renal function and reduced oxidative stress.

METHODS: Porcine kidneys were retrieved after 25
min warm ischemia. They were then stored on ice for
18 h before being reperfused ex vivo with oxygenated
autologous blood on an isolated organ perfusion system.
The selective iNOS inhibitor 1400W (10 mg/kg) was
administered before reperfusion (n = 6) vs control group
(n = 7). Creatinine (1000 µmol/L) was added to the
system, renal and tubular cell function and the level of
ischemia reperfusion injury were assessed over 3 h of
reperfusion using plasma, urine and tissue samples.

Hosgood SA, Yates PJ, Nicholson ML. 1400W reduces ischemia
reperfusion injury in an ex-vivo porcine model of the donation af-

RESULTS: Kidneys treated with 1400W had a higher
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receptacle containing 25000 units of heparin (Multiparin®; CP
Pharmaceuticals, Wrexham, United Kingdom). The blood
was then transferred into CPDA-1 blood bags (Baxter
Healthcare, Thetford, United Kingdom) for storage at
4 ℃.
The kidneys were retrieved after 25 min of in situ warm
ischemia and flushed with 500 mL of hyperosmolar citrate
(Soltran; Baxter Healthcare) at 4 ℃ infused at a hydrostatic
pressure of 100 cm H2O. Kidneys were then placed in ice
for a period of 18 h.

ter circulatory death kidney donor. World J Transplant 2014; 4(4):
299-305 Available from: URL: http://www.wjgnet.com/2220-3230/
full/v4/i4/299.htm DOI: http://dx.doi.org/10.5500/wjt.v4.i4.299

INTRODUCTION
The pathophysiology of ischemia reperfusion (I/R)
injury is a complex action involving many intercellular and
molecular processes. It is characterised by the up-regulation
of inflammatory processes, activation of endothelial cells,
generation and release of reactive oxygen species (ROS),
migration of inflammatory leucocytes, cellular oedema, cell
membrane damage, apoptosis and necrosis[1-3]. Severe I/R
injury causes significant disruption to the microcirculation
and is associated with high rates of delayed graft function,
primary non function and acute rejection after kidney
transplantation[4,5]. This is of particular significance in kidneys
from marginal or donation after circulatory death (DCD)
donors that sustain both a period of warm and cold ischemic
injury prior to transplantation. It is therefore important
to investigate therapies to alleviate injury to improve the
outcome of DCD transplantation.
Nitric oxide (NO) is an important mediator of normal
biological processes. It is a free radical produced by all
mammalian cells from the synthesis of L-arginine and
oxygen, by the enzyme NO synthase (NOS)[6]. It is capable
of regulating local blood flow, scavenging free radicals
and inhibiting platelet and leukocyte activation[6,7]. There
are three different isoforms of NO; neuronal, endothelial
(eNOS) and inducible (iNOS)[8].
The biological role of iNOS is somewhat controversial[9].
iNOS is known to be up-regulated by certain disease states
such as inflammation, ischemia and during reperfusion after
transplantation[10]. Although NO is generally regarded as
cytoprotective, excess NO derived from iNOS during these
states can contribute to the injury process[11,12]. NO can
augment I/R injury by reacting with superoxide generated by
excess ROS to form peroxynitrite, causing severe oxidative
damage ands cellular injury[10]. It also has a role in the
mediation of neutrophil activation, although the processes
are not fully understood[9].
Evidence suggests that the effects and role of iNOS
are influenced by the microenvironment and bioavailability
of the other forms of NO[9] and iNOS inhibitors have
been shown to reduce I/R injury[11-13]. However, these have
principally been studied in small animal models after a sole
period of warm ischemic injury and reperfusion. The aim
of this study was to assess the effects of 1400W a selective
iNOS inhibitor on I/R injury in a model of the DCD
donor using porcine kidneys.

Reperfusion
After the preservation period kidneys were prepared
for ex vivo reperfusion. The renal artery, vein and ureter
were cannulated and kidneys flushed with Ringer’s at
4 ℃ (Baxter Healthcare, United Kingdom) to remove the
preservation solution before being placed immediately on
the isolated organ preservation system. They were then
reperfused with oxygenated autologous blood for 3 h at
a temperature of 38 ℃ and set mean arterial pressure of
85 mmHg. The system has been previously described[14].
Creatinine (Sigma-Aldrich, Steinheim, Germany) was
added to the perfusate to achieve an initial circulating
concentration of 1000 µmol/L.
1400W (Sigma-Aldrich) -a highly selective iNOS
inhibitor was prepared before use and stored at -20 ℃ until
required.
Experimental design
Kidneys were divided into two groups; Control (n = 7)
and 1400W at a dose of 10 mg/kg per kidney weight (n =
6). 1400W was added as a bolus to the arterial arm of the
circuit 15 min before reperfusion of the kidney.
Parameters
Renal blood flow (RBF) and mean arterial pressure (MAP)
were recorded continuously and intrarenal resistance (IRR)
calculated (MAP/RBF). Urine output was also measured
during reperfusion.
Biochemical analysis of serum and urine samples was
carried out at hourly intervals. The following parameters
were calculated:
Creatinine clearance (urinary creatinine × urinary
volume/plasma creatinine), fractional excretion of sodium
[(urinary sodium × urine volume) / (glomerular filtration
rate × plasma sodium) × 100)] and the urinary total protein
(mg/L) to creatinine (mmol/L) ratio.
Blood gas analysis was used to record PaO2, PvO2
and acid-base homeostasis. Oxygen consumption [(PaO2venous PvO2) × flow rate/weight] was calculated
8-Isoprostane
Urine samples were taken at 1 and 3 h of reperfusion and
stored at -80 ℃ until analyses. Levels of urine 8-isoprostane
were determined by ELISA (Cayman Chemical Co, MI,
United States). Urine samples were centrifuged at 10000 g
for 2 min and the supernatant taken for analysis. Samples
were diluted 10 fold prior to analysis. The sample and

MATERIALS AND METHODS
Under Home Office regulations (Scientific Act 1986,
Schedule 1 procedure) female large white pigs (60-70 kg)
were killed by electrocution followed by exsanguination.
Approximately 2 L of blood was collected into a sterile
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Statistical analysis
Values are presented as mean ± SD. Levels of continuous
variables such as RBF were plotted against time and the area
under the curve (AUC) for individual perfusion experiments
was calculated using Excel® software (Microsoft, Reading,
United Kingdom) and Graphpad Prism (GraphPad Software,
San Diego California, United States).
Mean AUC values were compared using Mann Whitney
U-Test (GraphPad InStat version 3.00 for Windows 95, GraphPad
Software, San Diego California, United States). Correlations
between parameters were made with Spearman’s non parametric
rank correlation. P < 0.050 was taken as statistically
significant.

standards were added in duplicate to the ELISA plate
together with an 8-isoprostane-acetylcholinesterase (AChE)
conjugate and incubated for 18 h at 4 ℃. During incubation
8-isoprostane present in the sample competed with the
8-isoprostane AChE conjugate for the 8-isoprostane rabbit
antiserum binding sites on the pre-coated plate. The plate
was then washed and developed by the addition of the
substrate to AChE. The plate was read at 405 nm after
colour development for 90 min.
Total nitric oxide
Plasma samples were taken pre and 3 h after reperfusion and
urine samples taken at 1 and 3 h of reperfusion and stored
at -80 ℃ until analyses. Urine levels of NO were quantified
using the total NO test kit (Assay Designs, MI, United
States) according to the manufacturers’ instructions. This
assay is based on the conversion of NO to nitrate and the
subsequent conversion of nitrate to nitrite by the enzyme
nitrate reductase. Nitrite is then detected colorimetrically
at 540 nm as an azodye product of the Griess reaction.
Briefly, plasma and urine sample were centrifuged at 10000
g and the supernatant withdrawn. Fifty µL of each sample
were added in duplicate to a micro titre test plate. Twentyfive µL NADH and 25 µL nitrate reductase were added to
each well and incubated at 37 ℃ for 30 min. One hundred
µL Griess reagents (sulphanilamide and N-(l-Naphthyl)
ethylenediamine in 2M HCl) were then added and incubated
at room temperature for 10 min. Optical density was
then read at 540 nm using a spectrophotometer and the
concentration calculated using standards.

RESULTS
Renal function
There was a significant fall in the level of RBF and an
increase in intra-renal resistance in the 1400W group
after 10 and 15 min of reperfusion compared to the
control kidneys (RBF, P = 0.002 and 0.005, respectively;
IRR, P = 0.005 and 0.014, respectively; Figure 1A and
B). RBF then recovered and IRR fell with no significant
difference between the groups throughout the rest of the
reperfusion period (AUC, RBF: Control 270 ± 86 mL/
min/100 g.h vs 1400W 274 ± 143 mL/min/100 g.h, P =
0.999; IRR: Control 13.4 ± 7.3 mmHg/min.h vs 1400W
17.8 ± 8.5 mmHg/min.h, P = 0.234). The level of oxygen
consumption after reperfusion was higher in the 1400W
group after 3 h of reperfusion but this did not reach
statistical significance (3 h: Control 28.0 ± 13.9 mL/min/
g vs 1400W 36.7 ± 22.8 mL/min/g, P = 0.731).
Levels of creatinine clearance were significantly higher
after 1 and 2 h of reperfusion in the 1400W group compared
to the control (P = 0.026 and 0.009 respectively; Figure 2A)
and the AUC creatinine clearance was significantly higher
(AUC, CrCl: 1400W 2.37 ± 0.97 mL/min/100 g.h vs Control
0.96 ± 0.32 mL/min/100 g.h, P = 0.004). Levels of serum
creatinine fell more quickly in the 1400W group but the
difference with controls was only marginally significant at the
end of reperfusion (P = 0.073; Figure 2B).

Histology
Wedge biopsies were taken after 25 min warm ischemia
and after 3 h of reperfusion, fixed in 10% formal saline,
dehydrated and embedded in paraffin wax. Sections of 4
µm were cut and stained with haematoxylin and eosin for
evaluation using light microscopy. Sections were scored
over five fields, assessing changes in four morphological
variables; Tubular dilation, Tubular debris, vaculolation
and interstitial oedema. Samples were scored from 0 to 3
according to the level of damage; 0 representing normal,
1 representing mild, 2 representing moderate and 3
representing severe morphological changes.

Tubular function
There was no significant difference in levels of fractional
excretion of sodium (AUC, Fr ex Na+: Control 186.
3% ± 81.7%.h vs 1400W 153.4% ± 12.1%.h, P = 0.429),
although total urine output was significantly higher in the
1400W group (Total urine output: 1400W 320 ± 96 vs
Control, 156 ± 83 mL, P = 0.008).
Levels of total protein creatinine ratio were significantly
lower in the 1400W group after 1 h of reperfusion (1h Pr/
Cr: 1400W 9068 ± 6910 mg/L/mmol/L vs Control 21586
± 5464 mg/L/mmol/L, P = 0.026). There was no further
difference in the levels between the groups after 2 and 3 h
of reperfusion (P = 0.662 and 0.628, respectively).

Myeloperoxidase activity
Immunohistochemical staining of MPO, a marker mainly
for neutrophil granulocytes, was undertaken on post
reperfusion paraffin sections using a DAKO ChemMate
EnVision™ Detection Kit (DAKO, Glostrup, Denmark).
The sections were digested by 40 µg/mL proteinase K
for 15 min at 37 ℃ then blocked by peroxidase-blocking
reagent. The sections were labelled by an anti-MPO
antibody (1:600, DAKO) at 4 ℃ overnight. The antibody
binding was revealed by 3’-amino-9-ethylcarbazole.
MPO+ cells in the tubular, interstitial and glomeruli were
semi-quantitatively scored by counting the number of
positive cells in 20 fields at 400 × magnification.
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Figure 1 Mean renal blood flow over 3 h of reperfusion in the Control and 1400W groups. Area under the curve (AUC), P = 0.999 (A); Mean intrarenal resistance
over 3 h of reperfusion in the Control and 1400W groups, AUC, P = 0.234 (B). Mann Whitney U-test. RBF: Mean renal blood flow.
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Figure 2 Mean creatinine clearance over 3 h of reperfusion in the Control and 1400W groups. (P = 0.026 and 0.009 after 1 and 2 h, respectively) (A); Mean serum creatinine levels over 3 h of reperfusion in the Control and 1400W groups, P > 0.050 between groups (B). Mann Whitney U-test.

the control group (P = 0.041; Figure 3A).
There was no significant difference in the pre or 3
h reperfusion plasma concentrations of total NO (Pre:
Control 73.6 ± 43.1 pg/mL, 1400W 79.9 ± 14.5 pg/mL;
3h: Control 48.7 ± 21.7 pg/mL, 1400W 63.9 ± 20.2 pg/
mL). Urinary levels of total nitric oxide were significantly
higher in the 1400W group after 1 and 3 h of reperfusion (P
= 0.002 and 0.002, respectively; Figure 3B).
There was a significantly higher amount of MPO
positive cells in the control group compared to the 1400W
(P = 0.002; Figure 3C). Positive cells were largely localised
in the interstitium.

Table 1 Acid base balance, levels of pH, bicarbonate and potassium
pre and 3 h after reperfusion
Control
Pre

1400W
3h

Pre

pH
7.43 ± 0.03 7.30 ± 0.08 7.47 ± 0.04
Bicarbonate (mmol/L) 21.2 ± 1.4 17.3 ± 3.0 23.4 ± 1.6
Potassium (mmol/L)
5.5 ± 0.3a 10.7 ± 1.3
5.9 ± 0.2

3h
7.24 ± 0.04
17.6 ± 2.1
11.9 ± 0.3

a

P < 0.05 between groups. Mann Whitney U-test.

significant difference between groups at 3 h (P = 0.100;
Table 1). There was also no significant difference in levels
of bicarbonate or potassium after 3 h (P = 0.628 and
0.295, respectively; Table 1). Pre levels of potassium were
significantly lower but within normal range in the control
group compared to 1400W (P = 0.002; Table 1).

Histology
Baseline biopsies showed an increased level of tubular
dilatation in the 1400W group compared to the control (P
= 0.001; Table 2) and a higher level of interstitial oedema
in the control group compared to the 1400W (P = 0.032;
Table 2). After 3 h of reperfusion there was a significant
increase in tubular dilatation and vacuolation in the control
group (P = 0.0003 and 0.033, respectively; Table 2) and

Oxidative damage/inflammation
Urinary levels of 8-isoprostane were significantly lower in
the 1400W group after 3 h of reperfusion compared to
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Figure 3 Urinary levels of 8-isoprostane after 3 h of reperfusion in the Control and 1400W groups (aP = 0.041 between groups) (A); Levels of total nitric oxide
in the urine after 1 and 3 h of reperfusion Control and 1400W groups (bP = 0.002 and 0.002, respectively) between groups (B); Myeloperoxidase score after 3 h
of reperfusion in the Control and 1400W (bP = 0.002) between groups (C). Mann Whitney U-test, scored by counting the number of positive cells in 20 fields (× 400).
MPO: Myeloperoxidase.

Table 2 Histology score
Control
Pre
Tubular dilatation
Tubular debris
Vacuolation
Interstitial oedema

0.91 ± 0.68
1.44 ± 0.50
0.52 ± 0.76
1.33 ± 0.48b

1400W
Post

Pre
a

1.60 ± 0.60
1.14 ± 0.73
1.09 ± 1.091
1.29 ± 0.52

Post
b

2.03 ± 0.80
1.47 ± 0.50
0.50 ± 0.60
0.93 ± 0.70

1.63 ± 0.81
2.07 ± 0.74a,b
1.00 ± 0.91a
1.47 ± 0.82a

Pre and post reperfusion biopsies in the control and 1400W groups. Biopsies were
scored over 5 fields assessing tubular dilatation, tubular debris, vacuolation and interstitial oedema. aP ≤ 0.05 between time points, bP ≤ 0.05 between groups. Mann Whitney
U-test.

1400W, a selective iNOS inhibitor, reduced the level I/R
injury in porcine kidneys that were subjected to warm
and cold ischemic injury. Kidneys had a higher level
of creatinine clearance, reduced oxidative stress and
neutrophil infiltration during reperfusion compared to
untreated kidneys.
NO is generally regarded as cytoprotective: scavenging
free radicals, relaxing the endothelium, inhibiting platelet
aggregation and reducing neutrophil adherence [6,15].

tubular debris, vacuolation and interstitial oedema in the
1400W group (P = 0.003, 0.040 and 0.011, respectively;
Table 2). The 1400W group had a significantly higher
level of tubular debris after reperfusion compared to the
control (P = 0.0001; Table 2).

DISCUSSION
This study demonstrated that the administration of
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of endotoxic shock, NO released by cNOS and iNOS
reduced neutrophil migration due to decreased rolling and
adhesion[19]. Levels of neutrophil infiltration were reduced
by almost half after iNOS inhibition in this present
study. Hickey et al[9] suggested that the role of iNOS
varies according to the cell type and location in which it
is expressed, and that leukocyte recruitment could alter
according to the type of inflammatory response. Evidence
from this study supports the findings of others that iNOS
inhibition prevents neutrophil infiltration during I/R injury,
although the exact mechanisms are still to be elucidated.
Nonetheless, the activation of neutrophils has also an
important role in regeneration and repair and it is likely
that a balance is needed to ensure optimal graft function[20].
Plasma concentrations of total NO were not affected
by iNOS inhibition in this study and perhaps real time
analysis of NO or the measurement of eNOS and iNOS
expression may have provided more information on the
significance and bioavailability of NO in this model.
Urinary levels of total NO were however, significantly
increased during reperfusion after iNOS inhibition possibly
indicating a higher level of proximal tubular cell injury.
Nonetheless, high levels were not associated with tubular
cell dysfunction. Urinary levels of 8-isoprostane, a marker
of lipid peroxidation, generated by free radical catalyzed
attack on arachidonic acid, were significantly lower after
the administration of 1400W[21]. Lower levels of lipid
peroxidation suggest less oxidative damage and formation
of peroxynitrite during reperfusion possibly due to less
neutrophil infiltration.
In conclusion, the administration of 1400W a selective
inhibitor of iNOS improved renal function, reduced
oxidative stress and neutrophil infiltration in this porcine
kidney model of the DCD. This study supports the
evidence of the deleterious effects of iNOS during I/R
injury.

However, the biological effects of NO derived from
iNOS can be either deleterious or beneficial, depending
on the disease state[9]. iNOS is known to be upregulated
during ischemia and reperfusion and is widely expressed
throughout the vasculature, tubule cells and glomeruli in
the kidney. It is also expressed on monocytes, macrophages
and neutrophils[16].
Warm and cold ischemic injury sustained before
transplantation exacerbates the level of I/R injury[4,14]. The
anoxic conditions, depletion of adenosine triphosphate
(ATP) and accumulation of toxic substances results in
severe cellular disruption[5]. The level of warm and cold
ischemic injury in this porcine kidney model of the DCD
donor was sufficient to cause severe renal dysfunction,
alteration of acid base homeostasis and histological change
during reperfusion. Kidneys treated with 1400W showed
some ameliorate of injury with higher levels of creatinine
clearance, urine output and reduced levels of protein
excretion and oxidative stress compared to untreated
kidneys. However, iNOS inhibition did not improve
tubular cell function, acid base balance or reduce the level
of histological injury.
1400W is a selective inhibitor of iNOS. It is relatively
long acting and has been used successfully in several
rat I/R injury models to reduce injury[13,17]. Mark et al[17]
found that 1400W administered 20 min before ischemia,
improved renal function and reduced the level of tubular
dysfunction. Another study compared the effects of
1400W and melatonin: an antioxidant, iNOS inhibitor and
scavenger of peroxynitrite[13]. They found that both agents
reduced the level of oxidative damage, albeit melatonin
to a greater extent due to its scavenging properties. Other
selective iNOS inhibitors such as, L-N6-(L-iminoethyl)
lysine (L-NIL)[16] and the novel iNOS inhibitor GW274150
have also been used to improved glomerular and tubular
function and reduce levels of NO in rat models of I/R
injury[12] and FR260330 in Vervet monkeys[18].
A key role of NO is the modulation of blood flow
and NO derived from eNOS is thought to be particularly
important during early reperfusion[6-8]. In this present study
there was a marked reduction in renal blood flow and
increase in intra-renal resistance during the first 15 min of
reperfusion with iNOS inhibition. This warrants further
investigation but was possibly due to low levels of NO
derived from eNOS during the early reperfusion phase as
a result of the level of ischemic injury and inhibition of
iNOS. This suggests an important role for iNOS in the
control of homeostasis during this acute phase.
The activation of neutrophils during reperfusion is a
principle mediator of I/R injury causing microcirculatory
disruption and release of superoxide[19]. NO can inhibit the
expression of P-selectin on endothelial cells, preventing
rolling, and expression of intercellular and vascular cell
adhesion molecules-1 (ICAM-1, VCAM-1) reducing
neutrophil adhesion and infiltration[11,17]. NO derived
from iNOS is thought to enhance endothelial-leukocyte
activation and inhibitors have demonstrated a reduction
in neutrophil activation[12]. Contrary to this, in a model

WJT|www.wjgnet.com

COMMENTS
COMMENTS
Background

The shortage of organ donors has led to increasing use of marginal donors.
Although a valuable source of kidneys for transplantation these kidneys have
more injury and a high percentage do not function immediately after transplantation. This injury is in part, mediated by an inflammatory action immediately after
transplantation: ischaemia reperfusion injury. Targeting this inflammatory process
by using therapies may improve early graft function. Despite an abundance of
research into such therapeutic agents, none are used clinically as part of standard
practice.

Research Frontiers

Inducible nitric oxide synthase (iNOS) is produced naturally by the body and
thought to play a role in the injury process after transplantation. 1400W is an
iNOS inhibitor that has been shown to reduce injury and improve graft function.
However, the research hotspot is that it has not been trialed in a clinically relevant
model such as the porcine kidney with similar ischaemic insults that human kidneys are subject to.
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iNOS inhibitors such as 1400W have previously been used to reduce injury and
improve renal function. However, some studies have found no benefit in inhibiting iNOS. Furthermore, most of these studies have used small animal models
which do not necessarily represent the effect in humans. In this present study
the authors used a porcine model with similar periods of ischaemic injury to
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assess the effects of 1400W. Porcine kidneys have similar anatomy to human
kidneys and their physiological response to ischaemic injury is also comparable.
The authors found that 1400W significantly reduced the injury processes and
improved renal function. This suggests that iNOS plays an important role in the
injury process after transplantation.
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Applications
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Terminology
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This study suggests that iNOS inhibitors are a potential therapy for reducing renal
ischaemia reperfusion injury after transplantation.
Ischaemia reperfusion injury is a natural inflammatory like reaction that a transplanted organ suffers. It involves a cascade of events that can cause irreversible
cellular damage. This can reduce renal function and also limit graft survival. Nitric
oxide synthase (NOS) is a gaseous molecule that is produced naturally in the
body. There are three different forms of NOS. Generally it has a protective role
however iNOS is associated with inflammatory disease states.
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