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Pancreas transplantation in type Ⅱ diabetes mellitus
Phillip Weems, Matthew Cooper
kidney transplantation to appropriately screened DM2
recipients may limit access to a potential life-saving
measure with beneficial quality of life improvements.
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.
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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
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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
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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
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outcome of kidney transplanted children.
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Female gender in the setting of liver transplantation
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Patrizia Burra
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.
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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].
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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
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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
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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
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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

270

December 24, 2014|Volume 4|Issue 4|

De Pasquale C et al . Psychopathological aspects of kidney transplantation

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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post transplant. This paper offers a state of the art review
of the disease from diagnosis including most recent and
less invasive tools to management.
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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.

Key words: Cardiac transplantation; Allograft vasculopathy;
Paediatrics; Diagnosis; Management which reflect the
content of the study
Core tip: Coronary allograft vasculopathy remains the
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.
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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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8-isoprostane levels (3 h)
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a
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b
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1
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3
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350
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C
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Total Nitric Oxide levels/Creatinine ratio
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8-isoprostane/creatinine ratio (pg/L/mmol/L)

A
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b
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0.5
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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
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