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1

INTRODUCTION

1.1

The Need for Guidelines

Transplantation has benefited enormously over the last 40 years from the improved
identification of antibodies relevant to transplantation. This has allowed a better understanding
of risk so that some transplants can take place in the presence of potentially damaging
antibodies.
The applications of these newer techniques is not straightforward and the British
Transplantation Society has produced these guidelines to inform the clinical teams,
commissioners of transplant services, and patients of the special requirements of antibody
incompatible transplantation.
Because of the limited experience and evidence base in other areas, these guidelines deal
almost exclusively with antibody incompatible transplantation (AIT) in adults and, except for
the final section, concentrate on issues related to kidney transplantation.

1.2

Process of Writing and Methodology

The British Transplantation Society formed a working party to produce the first edition of these
guidelines in April 2004. The first guideline was mostly written by Dr Rob Higgins and
Dr Robert Vaughan and was published in 2006. Following extensive revision, the second
edition was published in January 2011.
This third edition has been written under the auspices of the BTS Standards Committee and
has been produced by a series of writing teams coordinated by Professor Rob Higgins. An
important change has been to add guidance regarding the strength of the evidence base
underlying the statements of recommendation, and to ensure that the guidance has been
produced in line with the BTS Clinical Practice Guideline and the recommendations of NHS
Evidence (1).
These guidelines are based on published evidence and up-to-date analysis of clinical
outcomes by NHSBT, using the National AIT Registry. Initially, a literature search was
performed by Professor Rob Higgins using PubMed® and search terms including combinations
of ABO, HLA, antibody, incompatible, transplant, transplantation, mediated, rejection, acute,
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chronic, kidney, heart, lung liver, pancreas. Publications were included if published (fully or
epub ahead of publication) before 01 July 2015. An exception was made for the randomised
controlled trial “A randomized, open-label, multi-center trial to determine safety and efficacy of
eculizumab in the prevention of antibody mediated rejection (AMR) in living donor kidney
transplant recipients requiring desensitization therapy” (NCT01399593). This has not been
published in full but the trial was closed on 06 November 2014 and the results were released
in preliminary form on 07 January 2015.
Transplant centres in the UK were informed of the development process and asked for
nominations of interested authors. The first draft of the guidelines was written by Dr Michelle
Willicombe, Dr David Lowe, Professor David Talbot, Dr Vaughan Carter, Dr Sian Griffin, and
Professor Rob Higgins, with contributions from Dr Rommel Ravanan, Dr Brendan Clark,
Professor Anthony Dorling, Dr Bob Vaughan, Professor David Briggs, Dr John Smith, and
Dr Phil Mason. The preliminary draft guideline was reviewed by members of the Guideline
Development Group and revised by Professor Rob Higgins. Further contributions were
received from Dr Michelle Willicombe, Dr David Lowe, Dr Sian Griffin, Professor Susan
Fuggle, Professor Anthony Dorling, Dr Sunil Daga, Dr Jack Galliford, Dr Andrew Bentall,
Dr Phil Mason, Dr Vaughan Carter, Mr Ajay Sharma, Dr Bob Vaughan, Professor David Briggs,
Professor Nizam Mamode, Dr Peter Andrews and Dr William McKane. Other contributors
through the guideline development process were Dr Simon Ball and Miss Lorna Marson.
The guidelines were edited by Dr Peter Andrews, Chair of the BTS Standards Committee, and
opened for public consultation through the website of the British Transplantation Society in
December 2015. The final guidelines were published in February 2016.

It is anticipated that these guidelines will next be revised in 2020.

1.3

Guideline Development Group

Professor Rob Higgins MD FRCP
Consultant Nephrologist, Department of Nephrology and Transplantation
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1.5

Grading of Recommendations

These guidelines represent consensus opinion from experts in the field of transplantation in
the United Kingdom. They represent a snapshot of the evidence available at the time of writing.
It is recognised that recommendations are made even when the evidence is weak. It is felt
that this is helpful to clinicians in daily practice and is similar to the approach adopted by
KDIGO (3).

In these guidelines, the GRADE system has been used to rate the strength of evidence and
the strength of recommendations. This approach is consistent with that adopted by KDIGO,
and also with guidelines from the European Best Practice Committee, and from the Renal
Association (2,3). Explicit recommendations are made on the basis of the trade-offs between
the benefits on the one hand, and risks, burden, and costs on the other.
For each recommendation the quality of evidence has been graded as:
A (high)
B (moderate)
C (low)
D (very low)
Grade A evidence means high quality evidence that comes from consistent results from well
performed randomised controlled trials, or overwhelming evidence of another sort (such as
well-executed observational studies with very strong effects).
Grade B evidence means moderate quality evidence from randomised trials that suffer from
serious flaws in conduct, inconsistency, indirectness, imprecise estimates, reporting bias, or
some combination of these limitations, or from other study designs with special strength.
Grade C evidence means low quality evidence from observational evidence, or from controlled
trials with several very serious limitations.

9

Grade D evidence is based only on case studies or expert opinion.
For each recommendation, the strength of recommendation has been indicated as one of:
Level 1 (we recommend)
Level 2 (we suggest)
Not graded (where there is not enough evidence to allow formal grading)
A Level 1 recommendation is a strong recommendation to do (or not do) something where
the benefits clearly outweigh the risks (or vice versa) for most, if not all patients.
A Level 2 recommendation is a weaker recommendation, where the risks and benefits are
more closely balanced or are more uncertain.

1.6

Abbreviations

AAR

Accelerated acute rejection (second set response)

ABOi

Blood group incompatibility

AHG

Anti-human globulin

AIT

Antibody incompatible transplantation

AMR

Antibody mediated rejection

ATG

Antithymocyte globulin

CDC

Complement dependent cytotoxic (crossmatch)

cRF

Calculated reaction frequency

DDT

Deceased donor transplant

DFPP

Double filtration plasmapheresis

DSA

Donor specific antibody

DTT

Dithriothritol

EDTA

Ethylenediaminetetraacetic acid

FC

Flow cytometry (crossmatch)

HAR

Hyperacute rejection

HLA

Human leucocyte antigen

HLAi

Donor specific HLA antibody incompatibility

HSP

Highly sensitised patient

IA

Immunoadsorption

IVIg

Intravenous immunoglobulins

LD

Living donor
10

LDT

Living donor transplantation

MFI

Mean fluorescence intensity

NLDKSS

UK National living donor kidney sharing schemes

PP

Plasmapheresis

PRA

Panel-reactive antibodies

Standard transplantation

Transplantation without antibody incompatibility

TG

Transplant glomerulopathy

XM

Crossmatch

1.7

Disclaimer

This document provides a guide to best practice, which inevitably evolves over time. All
clinicians involved in this aspect of transplantation need to undertake clinical care on an
individualised basis and keep up to date with changes in the practice of clinical medicine.
These guidelines represent the collective opinions of a number of experts in the field and do
not have the force of law. They contain information/guidance for use by practitioners as a best
practice tool. It follows that the guidelines should be interpreted in the spirit rather than to the
letter of their contents. The opinions presented are subject to change and should not be used
in isolation to define the management for any individual patient. The guidelines are not
designed to be prescriptive, nor to define a standard of care.
The British Transplantation Society cannot attest to the accuracy, completeness or currency
of the opinions contained herein and do not accept any responsibility or liability for any loss or
damage caused to any practitioner or any third party as a result of any reliance being placed
on the guidelines or as a result of any inaccurate or misleading opinion contained in the
guidelines.
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2

EXECUTIVE SUMMARY OF RECOMMENDATIONS

Transplant Units and Laboratories
We recommend that:
•

Data on AIT must be collected and reported to the NHSBT AIT Registry to the standard
set by the BSHI/BTS guidelines and as requested by NHSBT. In view of these revised
guidelines, it is recommended that the content of this data set be reviewed. (1C)

•

Laboratories must be able to define antibodies to the standard defined in the BSHI/BTS
document ‘Guidelines for the Detection and Characterisation of Clinically Relevant
Antibodies in Allotransplantation’. Sensitive and rapid techniques for the assessment
of donor-specific HLA antibody levels must be available. (1B)

•

If ABOi transplantation is to be performed, blood group antibody titres must be
measured with differentiation between A1 and A2 subgroups of recipient blood group
A (when appropriate) and discrimination between IgG and IgM specific for ABO
antibodies. (1C)

•

An AIT programme will require additional staffing in the laboratory, as well as additional
consumable costs. Such costs must be included in the funding arrangements with
commissioners. (1C)

•

All transplant units performing AIT must follow appropriate clinical guidelines. (1C)

•

If a transplant unit does not perform AIT, there must be a mechanism for informing
patients of this option where appropriate, and the option of referral to another unit with
an established AIT programme. (1C)

•

MDT meetings must review all potential AIT, with representation by clinicians and
laboratory colleagues. Laboratories must define the level of safe/unsafe antibody
thresholds for HLAi that can be reproduced locally. (1C)

We suggest that:
•

In living donor transplantation, it is not necessary to provide a 24-hour service for
antibody measurement, but a 7 day per week service with same day turn-around time
is required. (2C)

Selection, Risk Assessment and Making Choices
We recommend that:
•

Any patient considering AIT must be fully counselled regarding the procedures, risks,
and potential outcomes, and must also be informed of the alternative routes to
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standard transplantation including exchange transplantation and the option of
deceased donor transplantation. (1D)
•

Patient counselling must include a risk assessment of the likelihood of accelerated
acute, acute and chronic antibody mediated rejection, graft loss, and death using
appropriate local and national/international data. (1D)

•

In HLAi transplantation, patients must be risk assessed according to the principal risk
factors for adverse outcome. These include a positive CDC crossmatch or a high FC
crossmatch and may include high levels of cumulative DSA beyond MFI 10000,
multiple donor specific antibodies, transplantation of a kidney from a deceased donor,
and repeat mismatches including those related to pregnancy. (1C)

•

In ABOi transplantation, patients must be risk assessed for acute AMR. Risk factors
include ABO antibody titres above 1/256 and additional HLA antibody incompatibility.
(1C)

Conditioning Treatment before Transplantation
We recommend that:
•

Extracorporeal therapies must be used to remove HLA or ABO antibodies so that they
are at levels at the time of implantation where the risks of AMR and graft loss are
reduced. A reduced risk transplant may be considered where HLA antibody levels give
a negative cytotoxic crossmatch or microbead measurement of MFI <5000, but this
level may be flexible depending on an overall risk assessment. In ABOi, a
haemagglutination titre of <1/8 is considered to be acceptable. (1C)

•

In HLAi, the usual drug therapy before the transplant and at induction should be
indicated in the unit’s guidelines. Tacrolimus and mycophenolate may be started
before the transplant. Combinations of IVIg and rituximab may also be used. (1C)

•

In ABOi, the usual drug therapy during pre-transplant conditioning should be specified
in the unit’s guidelines. Combinations of IVIg, rituximab, and mycophenolate may be
used. (1C)

We suggest that:
•

There are several methods available for extracorporeal antibody removal (plasma
exchange, cascade plasmapheresis, immunoglobulin immunoadsorption, specific
antigen adsorption (ABOi only)). At present there is no evidence that one particular
method produces superior clinical outcomes. (2C)
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Initial Therapy and Monitoring in the Early Post-Transplant phase
We recommend that:
•

The highest risk period for acute AMR is the first 2 weeks after transplantation. Patients
must be monitored carefully in hospital or in clinic during this period. (1C)

•

In HLAi, drug therapy during the first two weeks post-transplant should include
tacrolimus and mycophenolate. Prednisolone, basiliximab, alemtuzumab, IVIg, ATG
and bortezomib may be used according to local guidelines and risk assessment. (1C)

•

In ABOi, drug therapy during the first two weeks post-transplant should include
tacrolimus and mycophenolate. Prednisolone, basiliximab, alemtuzumab, IVIg, and
ATG may be used according to local guidelines. (1C)

We suggest that:
•

Daily measurement of HLA or ABO antibody levels is not mandatory, but daily samples
should be taken when in hospital and at each clinical visit and be available for urgent
analysis if required. (2D)

Diagnosis and Treatment of Acute Antibody Mediated Rejection
We recommend that:
•

The diagnosis of acute antibody mediated rejection (AMR) is made on allograft biopsy.
(1C)

•

Patients with histologically proven acute AMR are screened for the presence of donor
specific antibodies (DSA) at the time of diagnosis. (1C)

•

Patients with acute AMR receive (or are switched to) baseline immunosuppression
including tacrolimus, mycophenolate mofetil and corticosteroids, and are treated with
high dose steroids. (1C)

•

Patients with acute AMR in the presence of a detectable DSA receive extracorporeal
antibody removal with five cycles of treatment or until the DSA is no longer detectable.
(1C)

•

In ABOi renal transplantation, AMR may occur rapidly so multiple therapies may need
to be used. (1C)

We suggest that:
•

IVIg, ATG, rituximab or bortezomib may be used in combination with other agents until
evidence emerges to the contrary. (2D)
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•

Eculizumab may be considered for rescue therapy in resistant acute AMR in cases
which are C4d positive or the DSA have complement fixing properties. (2D)

•

Splenectomy may be considered (with or without additional eculizumab) to rescue
acute AMR presenting with acute onset oligo/anuria in the early period after AIT.
Where possible, the diagnosis should be confirmed pre-splenectomy by biopsy. (2D)

Diagnosis and Treatment of Chronic Antibody Mediated Rejection
We recommend that:
•

The diagnosis of chronic antibody mediated rejection (cAMR) is made on renal allograft
biopsy. (1C)

•

Patients with histological changes consistent with cAMR are screened for the presence
of DSA. (1C)

•

In ABOi transplantation, the risks of late AMR related to blood group antibodies are
very low. If there is a suspicion of AMR, the patient’s current HLA antibody status
should be checked. (1C)

•

Other causes of ‘glomerular double contours’ are excluded. (1C)

We suggest that:
•

In order to prevent cAMR, there is no evidence that maintenance immunosuppression
needs be more intense than for ‘standard’ transplants, but there should be careful
attention to advising and supervising adherence to care. (2C)

•

Immunosuppressive agents used for the treatment of acute AMR may be considered
for the treatment of cAMR in the presence of coexisting acute features of AMR. (Not
graded)

Heart, Lungs, Liver and other Solid Organs apart from Kidney
We recommend that:
•

Heart and liver transplantation may be carried out across ABO incompatibility in infants
who have no detectable ABO antibodies. (1C)

•

HLAi heart, lung and liver transplantation may be performed when there is no suitable
compatible organ available and there has been a risk assessment in conjunction with
the patient and the H&I laboratory. (1C)

•

Transplantation of a liver at the same time as other organs (e.g. kidney, pancreas or
small bowel) may confer protection against AMR and may be performed following risk
assessment and informed patient consent. (1C)
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We suggest that
•

ABOi heart, lung and liver transplantation may be performed when there is no suitable
compatible organ available and there has been a risk assessment in conjunction with
the patient and the H&I laboratory; and if approved by NHSBT in light of other factors
such as organ shortage. (2C)

•

Antibody incompatible transplantation of pancreas, islets and small bowel is high risk
(unless performed together with a liver transplant) and should only be performed
following laboratory assessment and informed patient consent. (2C)
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3

TRANSPLANT UNITS AND LABORATORIES

Statements of Recommendation
We recommend that:
•

Data on AIT must be collected and reported to the NHSBT AIT Registry to the standard
set by the BSHI/BTS guidelines and as requested by NHSBT. In view of these revised
guidelines, it is recommended that the content of this data set be reviewed. (1C)

•

Laboratories must be able to define antibodies to the standard defined in the BSHI/BTS
document ‘Guidelines for the Detection and Characterisation of Clinically Relevant
Antibodies in Allotransplantation’. Sensitive and rapid techniques for the assessment
of donor-specific HLA antibody levels must be available. (1B)

•

If ABOi transplantation is to be performed, blood group antibody titres must be
measured with differentiation between A1 and A2 subgroups of recipient blood group
A (when appropriate) and discrimination between IgG and IgM specific for ABO
antibodies. (1C)

•

An AIT programme will require additional staffing in the laboratory, as well as additional
consumable costs. Such costs must be included in the funding arrangements with
commissioners. (1C)

•

All transplant units performing AIT must follow appropriate clinical guidelines. (1C)

•

If a transplant unit does not perform AIT, there must be a mechanism for informing
patients of this option where appropriate, and the option of referral to another unit with
an established programme. (1C)

•

MDT meetings must review all potential AIT, with representation by clinicians and
laboratory colleagues. Laboratories must define the level of safe/unsafe antibody
thresholds for HLAi that can be reproduced locally. (1C)

We suggest that:
•

In living donor kidney transplantation, it is not necessary to provide a 24-hour service
for antibody measurement, but a 7 day per week service with same day turn-around
time is required. (2C)
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3.1 Introduction
Antibodies directed against transplants are increasingly recognised as a critical barrier to
further improvement in allograft survival and the access of patients to transplantation.
The modern era of renal transplantation began in the 1960s with the introduction of
azathioprine. Within a few years, hyperacute rejection caused by blood group incompatibility
and HLA-specific antibodies was recognised, and transplanting at risk was vetoed (1). Once
hyperacute rejection was avoided, it was observed that a third of grafts were lost in the first
year from T lymphocyte-mediated cellular rejection, which became the focus of intense
research. This has resulted in a therapeutic toolkit that has eliminated the vast majority of graft
losses from this cause in adherent patients. The therapies required to prevent and to treat T
lymphocyte-mediated rejection comprise effective multipoint targeting of the interleukin-2
pathway, together with inhibition of lymphocyte proliferation and lymphocyte depletion therapy.
These therapies are, however, relatively ineffective at dealing with T cell memory responses.
With effective treatments of T lymphocyte-mediated rejection largely established, evidence
has accumulated that anti-donor antibodies also play an important role in acute and chronic
allograft rejection, and that this phenomenon occurs in all types of solid organ transplantation
(2). With this recognition, an international focus from clinicians, scientists and industry on
developing new treatments for antibody mediated rejection (AMR) began about 15 years ago.
We are currently in an exciting era characterised by new discoveries about anti-graft
antibodies, their mechanisms of production, their action, and of the treatment of AMR.
This document should be used alongside the BSHI/BTS document ‘Guideline for the detection
and characterisation of clinically relevant antibodies in allotransplantation’ (3rd edition),
published in 2014 (3).

3.2 Definition of Antibody Incompatible Transplantation
Antibody incompatible transplantation (AIT) could be defined simply as the transplantation of
an organ into a recipient who is ABO incompatible or who has current or pre-conditioning
donor specific HLA antibodies. However, that definition would not be useful for clinicians,
patients or commissioners because it would include some patients who lose their grafts from
hyperacute rejection; some patients with early accelerated or acute AMR which can be
successfully treated with good long term outcomes; and also many patients who will not
develop acute or chronic AMR. Improvements in the sensitivity and specificity of risk
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assessments for the key outcomes in AIT are required in order to produce more effective
clinical guidance.
Hyperacute rejection (HAR) is a key risk in AIT. This can be avoided by not transplanting in
the presence of a strongly positive flow cytometry (FC) crossmatch or a positive complement
dependent cytotoxic (CDC) crossmatch in the immediate pre-operative period. However, there
are patients who do not experience HAR despite being transplanted in such circumstances.
Research that more accurately identified those patients who do not go on to develop HAR or
untreatable acute or chronic AMR would be of great benefit.
A second key risk in AIT is the development of accelerated or acute AMR in the early period
after transplantation, usually the first 2 weeks. This may be rapidly progressive with an
associated risk of graft loss. Tools such as plasmapheresis and immunosuppressive drugs
can successfully prevent and treat this type of rejection. Guidance is given in chapters 6, 7
and 8. These tools carry significant clinical risks and costs, however, so it is important to direct
such therapies towards those patients most likely to benefit.
The currently available gold standard to identify those at increased risk of early AMR is a
positive pre-treatment FC crossmatch. However, many patients with a positive FC crossmatch
do not experience early AMR, even if they receive the same immunosuppression as in
standard transplantation. Conversely, a smaller percentage of patients with detectable donor
specific antibodies (DSA) but a negative FC crossmatch do experience early acute AMR
(4-6). There is some evidence that points a route towards the improvement of risk assessment
(section 4.2). This improved risk assessment may use additional parameters such as the
source of sensitisation (7), detailed characteristics of DSA, and biomarkers measured either
pre-conditioning or in the very early post-transplant period. An enhanced risk assessment will
lead to safer and more efficient use of resources. However, even though much of the published
research is promising, a clinically validated tool is not currently available. It is hoped that
validated guidance can be given in the next edition of these guidelines.
Chronic AMR is an important cause of graft failure after AIT, and also occurs in many patients
who develop de novo HLA antibodies after standard transplantation. There are no are graded
recommendations for the effective prevention or treatment of chronic AMR (chapter 8).
Therefore being able to predict the risk of chronic AMR is less pressing in terms of clinical
guideline development than for acute AMR. While chronic AMR is more frequent in those who
have experienced acute AMR and the same risk factors may apply, there may be additional
information that may refine the risk assessment for chronic AMR, such as the levels of DSA
20

after the early post-transplant period. It is hoped that evidence will accumulate so that
recommendations can be made about the assessment of risk and the effective prevention and
treatment of chronic AMR in subsequent editions of these guidelines.
In ABO incompatible transplantation, the donor to recipient blood group combinations of A to
O, B to O, AB to O, B to A, AB to A, A to B and AB to B are incompatible, irrespective of
whether the donor is blood group A1 or A2.
Other antibodies may play a role in allograft rejection; these include antibodies against the
angiotensin receptor, non-ABO blood groups (e.g. Lewis), and endothelial antigens. There is
insufficient evidence to incorporate recommendations about such antibodies in these
guidelines.
The number of AIT performed in the UK is shown in Figure 3.1. It is seen that the numbers of
HLAi and ABOi transplants increased sharply from 2000–09, but have since levelled off. A
large driver behind this recent plateau has been the development of the UK National Living
Donor Kidney Sharing Schemes (see chapter 4).

Incompatible kidney only transplants in the UK, 1 April 2005 - 31 March 2015
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Figure 3.1 Number of AIT performed annually in the UK, 2005-2014
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3.3 Registry of Antibody Incompatible Transplantation
The Registry of Antibody Incompatible Transplantation, established by NHSBT, is a unique
resource. Units must report details relating to all AIT as required by NHSBT. The data will
allow better governance of activity (for example, definition of some of the high risk transplants
performed by a unit), and is an important resource for further understanding the outcomes of
AIT, and ultimately the development of new therapies. Transplants across an HLA antibody
barrier which are microbead positive but FC crossmatch negative should continue to be
reported to the Registry, in order to better define the risks of such transplants in the future.

3.4 Histocompatibility and Immunogenetics Laboratories
The ability to understand the degree of immunological incompatibility between donor and
recipient is crucial in defining the level of risk prior to AIT. This can be determined in the
laboratory by assessing the level of anti-donor reactive antibodies using both highly
sophisticated solid phase assays and traditional serological assays. It is equally important to
assess the sensitisation history of the recipient as this should relate to the HLA antibody
status, and will influence risk assessment. Similarly, monitoring the post-transplant behaviour
of such antibodies is important to patient management.
The three commonly used methods for assessing HLA-specific antibody levels are the
complement dependent cytotoxic crossmatch (CDC), the flow cytometry crossmatch (FC), and
HLA microbead analysis, although it should be noted that the CDC and FC techniques detect
antibodies other than HLA (8). For a conventional antibody compatible transplant,
donor/recipient compatibility is characterised by negative CDC and FC crossmatches and low

levels of detectable donor-specific antibodies (DSA) by microbead analysis. However, in the
case of AIT, these techniques can be used in combination to estimate the risk to graft survival
when the transplant is performed in the presence of circulating DSA (9).
We recommend that pre-transplant assessment includes the use of microbead analysis plus
a cellular crossmatch method. A positive cellular crossmatch in the absence of detectable
donor specific HLA antibodies by microbead may be a false positive and should be
investigated further. A positive microbead test without a positive cellular crossmatch should
also be investigated. In general, a transplant will not fulfil the requirements to be defined as
antibody incompatible for HLA specific antibodies unless an appropriate cellular crossmatch
is used.
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Unlike CDC and FC crossmatching, microbead analysis does not rely upon a constant supply
of fresh donor lymphocytes to allow for daily monitoring. Instead, target HLA proteins are
purified and attached to polystyrene beads (10,11), while the beads themselves are
individually labelled with specific ratios of fluorescent marker dyes. The beads are incubated
with patient sera and any HLA specific antibody present will bind to the HLA protein coupled
to the microbead. A fluorescently labelled anti-human IgG antibody is then added and then
both the bead sets and the bound antibody are classified by two colour laser analysis on a
suitable platform.
Microbeads also allow the laboratory to monitor other HLA antibody specificities that may not
be present on the graft. This helps to distinguish between a general upregulation of the
immune response, such as that which may be associated with an inflammatory response, and
a specific anti-graft response (12).
Although the development of Luminex-based technology has led to substantial progress in
HLA antibody detection compared with cell-based techniques, technical issues can confound
assay interpretation.
Samples with high levels of antibodies exhibit a phenomenon known as prozone, whereby
high-titre antibodies can agglutinate in suspension and can prevent themselves from binding
to target antigen. This results in a falsely low mean fluorescence intensity (MFI) level, or in
some cases high levels of antibodies not being detectable at all (13). A similar effect whereby
false low readout can be obtained in the high-dose hook effect (14). This may cause inhibition
of antibodies in the assay binding due to steric hindrance. The presence of prozone or the
high dose hook effect can be overcome by serially diluting sera, although it is not always
obvious when bead reactivities are being detected at false low levels. The prozone concept
also applies to cellular assays.
One potential solution to overcome the prozone effect is to add a small amount of
ethylenediaminetetraacetic acid (EDTA) to the serum prior to testing (13). EDTA has the ability
to chelate metal ions, most notably calcium ions (Ca2+). A suggested mechanism for the
prozone effect is the binding of complement component C1 to the Fc portion of IgG1 and IgG3,
and the addition of EDTA disrupts this Ca2+-dependent process. The presence of C1 bound
to the HLA specific antibody is then thought to prevent the binding of the anti-human IgG
labelled secondary detection antibody, resulting in a lower detectable level of fluorescent
marker. Further support for this hypothesis is gathered by addition of C1 inhibitor (C1INH),
which also leads to a marked reduction in the prozone effect. Addition of DTT to the sera or
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heat inactivation of the sera prior to testing are both equally effective alternatives to the
addition of EDTA.
Similarly, the presence of HLA-specific antibodies of IgM isotype have been put forward as a
possible cause of reduced IgG binding in the Luminex assay (15,16). It is hypothesised that
the presence of HLA-specific antibodies of both IgM and IgG isotype within the same serum
can lead to competitive inhibition and reduced binding of IgG antibodies. Therefore some
laboratories recommend the routine treatment of all sera with dithiotretol (DTT) in order to
reduce IgM binding capacity. We recommend that all laboratories involved in HLAi
transplantation, in cases where a prozone or hook effect is considered, have a protocol for
interrogating sera, for example with EDTA or serial serum dilution. DTT controls should always
be applied and reported for the CDC assay.
If a laboratory is now routinely adding EDTA to the microbead assay, this may create
difficulties interpreting any guidance based on MFI thresholds obtained using a ‘non-EDTA’ or
heat inactivation method. Evidence elsewhere in this guideline that mentions MFI levels was
all obtained without the use of EDTA in the assay, and this should be born in mind when
translating guidance into local practice.
Another technical issue surrounding the use of HLA antigen coated beads has recently
emerged. During the manufacturing process there appears to be a significant proportion of
HLA protein coupled to the microbeads that has been to some extent denatured. The presence
of denatured antigen on the bead surface can lead to the presentation of a number of nonnative HLA epitopes due to altered conformation of the protein. Literature is available
describing the presence of HLA-specific antibodies in previously untransfused and
untransplanted male volunteers as detected by microbead analysis (8). These were previously
explained as the presence of ‘naturally occurring’ anti-HLA antibodies, but it now seems that
a more likely explanation is that these reaction patterns are due to binding to non-native
epitopes presented by a proportion of denatured antigen found on the microbead (8).
Strategies to identify reactions caused by denatured antigen binding have been described,
with the most common being to acid treat the microbead set to fully denature the beads’ protein
repertoire. Often, it is observed that the initial result is due to a combination of binding to both
intact and denatured antigen, and that - crucially - antibody that recognises non-native HLA
epitopes are not to be considered clinically significant (17,18). A simple and effective way of
avoiding the detection of ‘naturally’ occurring antibody artefacts is to use two manufacturer’s
kits. The proportion of denatured antigen differs due to differences in the recombinant HLA
manufacturing and folding process. A number of laboratories in the UK are doing this, and
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their estimate of microbead specificity is thereby enhanced. Antibody to denatured antigen
should always be considered in cases of negative crossmatch with positive microbead assay
results. Alternative screening methods should be considered in these cases to confirm, or
deny, the presence of true donor HLA specific antibody before classification as potential HLAi.
Modifications of the Luminex assay have also been developed so that antibodies can be
divided into those that fix complement and those that do not, with many of the early studies
appearing to indicate that the presence of donor-specific complement fixing anti-HLA
antibodies is associated with increased risk of rejection and graft loss (19-25). However, the
clinical utility of these assays in renal transplantation is not clear cut and further research is
therefore needed before a full recommendation can be made re the use of C1q binding assays
in risk stratification.
In ABOi transplantation, measurement of blood group antibody levels is required. At present
this is performed by haemagglutination testing. It is known that this method is not perfect, with
considerable inter- and intra-laboratory variation, although there is a degree of standardisation
with gel-card based assays (26,27). Other methods for the measurement of ABO antibodies
have been suggested, particularly flow cytometry (28,29). There are insufficient data to
recommend the routine use of any other technique at present, although we encourage the
evaluation of potentially more reliable and meaningful methods.
Laboratories measuring ABO titres must participate in national quality assurance schemes,
and should participate in future initiatives that may make the results of antibody testing more
clinically relevant.
We recommend that the local clinical guidelines for an AIT service are written in conjunction
with the laboratory service so that the requirements for testing are defined. It should not be
necessary, in living donor transplantation, to perform antibody testing at night, and it is not
necessary to perform daily measurement of antibody levels. However, a seven day a week
service for antibody testing is desirable.
The laboratory workload required to support a programme of AIT will depend on the size of
the programme, but is likely to be significant in terms of human and financial resources. In
establishing the resource requirement, account should be taken of the extra work during the
early work up period, and in repeating antibody levels before the immediate pre-transplant
period.
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HLA antibody risk assessment is complex and cannot be performed simply by using a printed
laboratory report. We recommend that patient assessment is performed in a multidisciplinary
manner.

3.5 Transplant Units
It is not recommended that AIT is performed on an ‘ad hoc’ basis, but that units performing
this type of transplant have appropriate clinical guidelines, resource allocation, and
established working arrangements with the appropriate laboratories.
Some transplant units may choose not to perform AIT, or may perform just ABO or just HLA
AIT. If this is the case, patients should be informed of their choices in respect of AIT and be
offered appropriate referral to another transplant unit if they wish. They should also be
provided with appropriate information about the potential advantages of the Kidney Sharing
Schemes.
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4

SELECTION, RISK ASSESSMENT AND MAKING CHOICES

Statements of Recommendation
We recommend that:
•

Any patient considering AIT must be fully counselled regarding the procedures, risks,
and potential outcomes, and must also be informed of the alternative routes to
standard transplantation including exchange transplantation and the option of
deceased donor transplantation. (1D)

•

Patient counselling must include a risk assessment of the likelihood of accelerated
acute, acute and chronic antibody mediated rejection, graft loss, and death using
appropriate local and national/international data. (1D)

•

In HLAi transplantation, patients must be risk assessed according to the principal risk
factors for adverse outcome. These include a positive CDC crossmatch or a high FC
crossmatch and may include high levels of cumulative DSA beyond MFI 10000,
multiple donor specific antibodies, transplantation of a kidney from a deceased donor,
and repeat mismatches including those related to pregnancy. (1C)

•

In ABOi transplantation, patients must be risk assessed for acute AMR. Risk factors
include ABO antibody titres above 1/256 and additional HLA antibody incompatibility.
(1C)

4.1 Informed Choices and Kidney Sharing
Current data indicate that the results of AIT are not as good as those of standard
transplantation. The level of risk should be discussed with the patient and any potential living
donor so an informed choice can be made, as alternatives include finding an alternative living
donor, entering into a kidney sharing scheme, waiting for a deceased donor organ, or dialysis.
We recommend that patients with living donors should be encouraged to enter a kidney
sharing scheme in order to have the chance of being offered a standard transplant. A few
patients are not suitable for the sharing scheme due to medical urgency or other reasons and
every patient and their potential donor should be able to make individualised choices, but there
are significant advantages to participation in the sharing scheme wherever possible. Two or
three ‘rounds’ of allocation in the sharing scheme offer the best chance of being offered a
standard transplant.
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Highly sensitised patients (HSPs), particularly those with a calculated reaction frequency
(cRF) >95% are difficult to transplant with an immunologically low risk organ. The proportion
of HSPs with a cRF >95% on the deceased donor transplant list was 21% in 2014/15. This
group receive less than 8% of deceased donor transplants, and for those who are transplanted
their waiting time is considerably longer than the national average.
For sensitised patients with a living donor, paired or pooled donation is a potential opportunity
to receive an immunologically low risk transplant. The UK National Living Donor Kidney
Sharing Schemes (NLDKSS) were introduced in April 2007 (1) following the success of
schemes in other nations, including the USA and the Netherlands (2,3). Since 2012 it has
been possible for an altruistic donor to donate to the scheme, and since April 2015 it has been
possible for an altruistic donor to start a short chain to facilitate three transplants.
Since the programme was introduced, around 400 patients have received a transplant through
the schemes. However, those with a cRF >95% remain difficult to match, and around 50% of
patients in any one run will have this level of sensitisation. The transplant rate for this group
in 2012 – 15 was 17%, compared to 40% for less sensitised recipients.
To advise individual donor-recipient pairs of their chance of a match in the KSS, NHS Blood
and Transplant (NHSBT) has developed a simulation to estimate the chance of a transplant
(http://www.odt.nhs.uk/transplantation/guidance-policies/tools/). This simulation takes into
account recipient and donor blood group, recipient cRF and age, and whether the recipient
has high or low level ABOi or HLAi incompatibility with their donor (low/high). The availability
of a blood group O donor greatly increases the chance of transplant though the NLDKSS.
Since January 2012 it has been possible for patients to have a modified profile of unacceptable
antigens listed for the NLDKSS compared to the deceased donor waiting list, with removal of
those antigens against which the recipient has only low level antibodies. The aim of this
approach is to identify a transplant that, although it may be immunologically incompatible, the
incompatibility would be due to the presence of antibodies amenable to removal by
desensitisation. Half of the UK transplant units have taken advantage of this facility and to
date 70 patients have been registered with different profiles, of which 23 have been
transplanted.
Following the April 2014 matching run, an additional exercise was undertaken. All transplant
units were contacted and invited to modify the unacceptable antigen profile of their patients
and remove antibodies that were felt to be amenable to desensitisation according to local
policy. A hypothetical matching run was then performed using the modified profiles.

30

The run included 178 patients and 6 altruistic donors. Sixty six patients (37%) had been in 5
or more previous matching runs, including 29 (16%) who had been in 10 or more runs. In the
actual run, 16 patients (9%) were listed with different profiles to the deceased donor waiting
list. This increased to 113 patients (63%) in the hypothetical run. In the actual run, 14 potential
transplants were identified, this number increasing to 49 in the hypothetical run. For those
patients with a cRF 0 – 84%, an additional 5 transplants were identified. This approach has
obvious potential for future organ transplantation.
If a standard transplant does not become available through the sharing scheme after two runs,
the risks and benefits of an antibody incompatible transplant should be discussed with the
patient.

4.2 Outcomes and Risk factors for HLAi
The outcomes of AIT are not well defined, partly because of short term follow up and partly
because of likely publication bias, those single centres with better results being more likely to
present their outcomes for publication.
The UK has a comprehensive Registry of AIT which is unique as it fully separates the HLAi
transplants from antibody compatible transplants. ABOi transplants are easier to identify in
Registries, but if HLAi transplants cannot be separated from other transplants, the true
outcome of ABOi transplants compared to antibody compatible transplants may be obscured.
Some outcomes of AIT in the UK are shown in Figure 4.1.
The outcomes of HLAi transplants have also been reported in large collaborative studies from
the USA (4,5). Five year unadjusted graft loss was 16.6% in transplants with no known
antibody incompatibility, 20.1% in those with DSA detectable by microbead but crossmatch
negative, 28.8% in those who were FC crossmatch positive and CDC crossmatch negative,
and 39.9% in those who were CDC crossmatch positive. Five year mortality in these groups
was 9.3%, 9.6%, 12.9%, and 19.1% respectively. Mortality is an important additional risk factor
in HLAi transplantation, partly due to the more intense immunosuppression needed, and partly
because many of the recipients have experienced long periods of previous dialysis and
transplantation and may have acquired significant comorbidities. Over time, however, the risk
of death is statistically higher in those patients that remain on dialysis.
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Figure 4.1 Outcomes of antibody incompatible kidney transplantation in the UK
32

Single centre reports of HLAi outcomes have also been reported (6-10). These show broadly
similar outcomes to the national studies, although one study shows graft survival close to
antibody compatible transplantation (6).
Table 4.1 shows the major reported risk factors for early antibody mediated rejection in HLAi
transplantation.

Factor

Higher risk

Lower risk

Antibody level

CDC +ve

CDC –ve

Antibody level

Microbead MFI >10000

Microbead MFI <500

Antibody level

Flow cytometric XM +ve

Flow cytometric XM -ve

DSA specificities

Class I plus Class II

Single DSA

DSA specificities

Class I and DR

DP, DQ and DRB3, 4, 5

Sensitisation

Pregnancy induced

Transplant induced sensitisation

history

sensitisation, donor is patient’s

with low DSA levels

child or father of a child (6,11)
Antibody

Complement binding microbead

Complement binding microbead

characteristic*

positive

negative

ABO donor-

ABO incompatible

ABO compatible

Deceased donor

Living donor

recipient status
Donor source

*not recommended as part of routine assessment
Table 4.1. Risks associated with HLAi kidney transplantation.

The most important of these risk factors is a positive CDC crossmatch, ABOi, or a single or
cumulative DSA measured by microbead with MFI >10000. These are associated with 5 year
graft survival rates as low as 50% (4-6,12,13) and transplantation in the face of such factors
should only be performed with careful pre-transplant assessment and informed consent.
The definition of an antibody incompatible transplant is currently based on a limited risk
assessment, this essentially being based on the level of antibody at the time of a transplant or
pre-transplant conditioning (see section 3.2). As Table 4.1 indicates, other factors have been
reported to impact on the risks of rejection and graft failure. There are also other emergent
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studies into biomarkers and more subtle characteristics of DSA (14,15). It is not yet possible
to determine which combination of risk factors gives the best prospective measure of the
likelihood of AMR and graft loss post-transplant, and there is a need for work to integrate the
known prognostic factors into a validated, clinically useful tool.
HLAi transplantation from a deceased donor has less good results in the current NHS BT
Registry outcomes. Two approaches are being considered to address this. First, to remove
unacceptable antigens to which the patient has generated only low level antibodies. This
means the patient will receive an AIT, although this should have relatively low risks and
probably a lower risk than continuing on dialysis. Second, pharmacological intervention to
modulate the antibody profile and increase the chance of a transplant, which is discussed
further in section 5.1. If these approaches are used, transplant units should act within their
clinical guidelines for managing sensitisation, and all AIT transplants should be reported to the
NHSBT Registry.

4.3 Outcomes and Risk Factors for ABOi
The outcomes of ABOi transplants have been described in large studies from the USA (16),
Japan (17,18), Europe (19) and the UK (20). The USA study, and to a lesser extent the
European study, show an early graft loss with a relative risk of around 2 compared to other
transplants. This represents an increase in early graft losses from around 1 in 80 to 1 in 40.
UK results showed results comparable with standard ABO compatible transplantation from
one centre, but slightly reduced graft survival in early Registry analyses (20, 21) There is also
an increased risk of complications, consequent on the more intense treatment given (22).
Acute AMR in ABOi is far less frequent than in HLAi, but may be of rapid onset and be hard
to treat. Such rejection may occur even if the pre-treatment level of ABO antibody is low. The
antibody level in ABOi is measured using a haemagglutination technique which has been
shown to have poor inter- and intra-laboratory reproducibility. This makes it hard to define an
upper limit of antibody level at which transplantation is high risk. Although it can occur with
any pre-transplant level, AMR is more likely when the ABO titre is greater than 1/256 (23-26).
Most reports have shown no significant association between maximum anti-A/B IgM titres and
graft survival. However, AMR has been reported in association with high IgM titres despite low
IgG titres in blood group O recipients of A2 kidneys, although there are insufficient supporting
data to make a recommendation about the clinical interpretation of IgM blood group titres (27).
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Although higher risk might be expected in blood group O recipients, as they tend to have
higher antibody titres than blood group A or B patients, there do not seem to be large
differences in outcomes according to recipient blood group. Grafts from blood group A2 donors
appear to be at lower risk than those from A1 donors, as the antigen is expressed at lower
levels on tissue, but despite this rejection and graft loss has been reported in this donor group.
The major increased risk of graft loss occurs very early post-transplantation and ABOi
transplants that last greater than 2 weeks have the same survival as standard transplants.
These risks are summarised in Table 4.2:
Factor

High risk

Low risk

Haemagglutination titre

>1/256

Any level

If donor is group A

Group A1

Group A2

Donor type

Deceased donor

Living donor

HLA antibody incompatibility

Yes

No
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5

CONDITIONING TREATMENT BEFORE TRANSPLANTATION

Statements of Recommendation
We recommend that:
•

Extracorporeal therapies must be used to remove HLA or ABO antibodies so that they
are at levels at the time of implantation where the risks of AMR and graft loss are
reduced. A reduced risk transplant may be considered where HLA antibody levels give
a negative cytotoxic crossmatch or microbead measurement of MFI <5000, but this
level may be flexible depending on an overall risk assessment. In ABOi, a
haemagglutination titre of <1/8 is considered to be acceptable. (1C)

•

In HLAi, the usual drug therapy before the transplant and at induction should be
specified in the unit’s guidelines. Tacrolimus and mycophenolate may be started
before the transplant. Combinations of IVIg and rituximab may also be used. (1C)

•

In ABOi, the usual drug therapy during pre-transplant conditioning should be specified
in the unit’s guidelines. Combinations of IVIg, rituximab, and mycophenolate may be
used. (1C)

We suggest that:
•

There are several methods available for extracorporeal antibody removal (plasma
exchange, cascade plasmapheresis, immunoglobulin immunoabsorption, specific
antigen adsorption (ABOi only)). At present there is no evidence that one particular
method produces superior clinical outcomes. (2C)

5.1 Strategies for Conditioning Therapy
There are three conditioning strategies that may be used before AIT is performed.
First, treatment may be given to reduce HLA antibody sensitisation over a period of weeks or
months, which may enable a more compatible organ to be sourced if there is no living donor
and may reduce the risks of transplantation in that HLA antibody production is reduced. This
was the approach adopted as AIT was first developed in the 1980s (1). It was not easy to
obtain a durable reduction in HLA antibody levels and the emphasis therefore moved to living
donor transplantation with shorter conditioning periods. However, the longer term
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‘desensitisation’ strategy continues to be used in some centres, especially the Cedars-Sinai
Hospital in the USA (2-4).
Second, conditioning may be performed over a period of days or hours before a transplant.
This strategy creates a safer window of opportunity for transplantation in the belief that the
risks of early acute AMR may be reduced as the graft is presumed to be most vulnerable at
the time of implantation. Again, this approach was first performed in deceased donor
transplantation, but the short timescales available did not allow for effective antibody removal
and downregulation of antibody production and the emphasis has now shifted to living donor
transplantation (5,6). The majority of AIT is currently performed in this setting of short term
conditioning.
Third, there may be no conditioning, although the immunosuppression given at the time of
transplantation may be more intense than for a standard transplant. It may be possible to
achieve good outcomes with this approach even with high DSA at the time of transplantation,
as reported in France (7).

5.2 Extracorporeal Antibody Removal Therapy
There is considerable variation in the management of AIT within the UK and around the world,
but most units perform extracorporeal antibody removal in living donor transplantation in the
belief that this reduces the risk of early AMR, with the transplanted organ being most at risk
immediately after implantation (8-11)
There is some evidence in HLAi that early rejection is associated with the levels of antibody
at the time of transplantation (12), but this has not been systematically tested. In deceased
donor transplantation, some groups have reported acceptable graft outcome rates without
using pre-transplant antibody removal. In these series, patients are CDC crossmatch negative
with their donor kidney, but may have microbead measured DSA of MFI >10000 (7). However,
in living donor transplantation, which is a planned procedure, it seems more appropriate to
electively remove antibody before transplantation.
Early AMR is more likely to be avoided if the antibody levels are reduced to CDC crossmatch
negative, FC crossmatch negative and microbead MFI <5000. However, it is not an absolute
requirement to achieve these levels. Indeed, a positive CDC crossmatch at transplant may be
safe where there is only a single DSA of DP, DQ or DRB3-4 class. If the pre-treatment FC
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crossmatch is negative, antibody removal should not be necessary, although this may be
considered if the DSA microbead MFI level is >10000.
In ABOi, antibody removal is used to achieve a haemagglutination titre of <1/8 at the time of
transplantation (11,13). There are published data where the ABO titre at the time of
transplantation has been up to 1/32, but the safety of transplanting routinely at this level is not
fully established (14).
In HLAi the available extracorporeal techniques include plasma exchange, double filtration
plasmapheresis and immunoadsorption (Protein A or immunoglobulin specific adsorption).
Any of these techniques may be used. We recommend careful monitoring of coagulation,
including fibrinogen levels, and appropriate correction if necessary, especially around the time
of transplantation.
In ABOi, the available extracorporeal techniques include plasma exchange, double filtration
plasmapheresis and immunoadsorption (Protein A, immunoglobulin specific adsorption, or
ABO specific adsorption). Any of these techniques may be used. We recommend careful
monitoring of coagulation, including fibrinogen levels, and appropriate correction if necessary,
especially around the time of transplantation. Even though the Sepharose-carbohydrate
column used in specific immunoadsorption does not systematically remove coagulation
factors, an increased bleeding risk has been reported and coagulation and fibrinogen levels
should be monitored (15,16).

5.3 Pre-transplant Drug Therapy
There is no good evidence that any particular drug therapy given alongside extracorporeal
antibody removal will effectively suppress donor specific antibody production.
There is randomised trial evidence that IVIg reduces sensitisation levels, though the trial
showed only a transient fall in sensitisation and it is not clear whether the increased transplant
rate in the treated group was purely due to IVIg (2).
Rituximab may have some benefit in HLAi, though there is no high quality trial evidence to
support its use (17). Data on other agents, such as mycophenolate or proteasome inhibitors
(18,19), do not indicate clearly whether there is significant benefit. Preliminary results from a
randomised trial using an interleukin-6 receptor specific humanised monoclonal antibody have
been reported, but further studies are required before recommendations can be made (4).
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Many series of ABOi have reported the used of rituximab and IVIg. The schedules for
administration of rituximab vary, from 30 days to 1 day pre-transplant. Likewise the use of IVIg
is at various doses and treatment intervals (13). In the absence of good data, rituximab, IVIg
or mycophenolate may be used prior to ABOi transplantation but it is not possible to make
specific treatment recommendations.
Tyden published the results of the Stockholm protocol for 60 consecutive ABOi renal
transplants and these form the basis of practice in many UK transplant units. The protocol
uses antigen-specific immunoadsorption to remove ABO antibodies to a target titre of 1/8 (four
sessions in the seven days before transplant and three sessions in the week after transplant),
rituximab (375 mg/m2) 30 days before the transplant, IVIg (0.5 g/kg) after the last session of
immunoadsorption, IL2 receptor antibody, and tacrolimus, mycophenolate mofetil and
prednisolone started from 13 days pre-transplantation. This group has reported allograft
survival of 97% in ABOi group (n=60) versus 95% in ABO-compatible kidney recipients
(n=276), and similar patient survival figures of 98% in both groups (20).

Splenectomy was used prior to ABOi transplantation after Alexandre reported its use was
associated with successful outcomes in the 1980s (21). However, splenectomy is no longer
recommended and many centres with excellent outcomes use rituximab (17,20). More
recently, the transplant team from John Hopkins reported excellent graft outcomes of 98.3%,
92.9%, and 88.7% respectively at one, three, and five years without using rituximab or
splenectomy. These results were comparable to UNOS data relating to standard living donor
transplantation (22). Splenectomy is therefore not recommended as a treatment to prevent
AMR in ABOi transplantation.
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6

INITIAL THERAPY AND MONITORING IN THE EARLY POST-TRANSPLANT
PHASE

Statements of Recommendation
We recommend that:
•

The highest risk period for acute AMR is the first 2 weeks after transplantation. Patients
must be monitored carefully in hospital or in clinic during this period. (1C)

•

In HLAi, drug therapy during the first two weeks post-transplant should include
tacrolimus and mycophenolate. Prednisolone, basiliximab, alemtuzumab, IVIg, ATG
and bortezomib may be used according to local guidelines and risk assessment. (1C)

•

In ABOi, drug therapy during the first two weeks post-transplant should include
tacrolimus and mycophenolate. Prednisolone, basiliximab, alemtuzumab, IVIg, and
ATG may be used according to local guidelines. (1C)

We suggest that:
•

Daily measurement of HLA or ABO antibody levels is not mandatory, but daily samples
should be taken when in hospital and at each clinical visit and be available for urgent
analysis if required. (2D)

6.1 Occurrence of Acute AMR and Monitoring
It is clear from many reports that the highest risk period for acute AMR in AIT is in the first 2
weeks after transplantation. If graft loss from rejection occurs during the first 4 weeks, it will
often be found that the onset of rejection was during the first 2 weeks (1,2). Close follow up is
mandatory throughout this period.
It is not possible to recommend exact follow up regimens for all patients as this will depend on
the intensity of anti-rejection therapy and any other complications, as well as the risk of AMR.
However hospitalisation is likely to be longer and outpatient monitoring more frequent than for
‘standard’ transplants, and account should be taken of this in commissioning and planning
services.
There is not a direct correlation between HLA or ABO antibody levels measured posttransplant and the onset of AMR. Antibody levels cannot be interpreted in the absence of
44

clinical information and an increase in antibody levels need not necessarily dictate a change
in therapy if graft function is stable, though some clinical practice is more proactive in ABOi
(see chapter 8) (3,4). Transplant units and laboratories should be able to measure antibody
levels if required as a 7 day service, but need not do so routinely.

6.2 Choice of Immunosuppression in HLAi
Optimal post-transplant therapy for the prevention of acute AMR has not been defined in HLAi
transplantation and there are few randomised trials to provide guidance. Tacrolimus and
mycophenolate are recommended as part of maintenance immunosuppression. Azathioprine
may be used if mycophenolate is not tolerated. Most units report also using prednisolone.
Good outcomes have been reported by one unit using tacrolimus, mycophenolate,
prednisolone and basiliximab with escalation of therapy only if acute AMR is suspected or
proven

(1).

However,

most

units

report

using

more

intense

routine

induction

immunosuppression, especially if the DSA results in a positive FC crossmatch. ATG and
alemtuzumab are the agents most commonly reported (5-7). We recommend either of these
agents may be included in a unit’s guidelines.
There is randomised trial evidence that IVIg reduces sensitisation levels, though the data do
not extend to showing that early acute AMR rates are reduced by the use of IVIg (8). However,
IVIg is effective in treating AMR and is used by many units performing AIT. We recommend
that IVIg may be included in a unit’s guidelines.
Agents that may reduce the rates of antibody production post-transplant include rituximab (9),
and bortezomib (10). Evidence for their efficacy remains anecdotal and their use is not
recommended in lower risk transplants.
Eculizumab is not recommended as routine preventative therapy for AMR in HLA AIT
transplants. A phase 2 randomised controlled trial has recently been performed using this
agent. This enrolled 102 patients receiving kidney transplants from living donors, all of whom
were at risk of AMR based on elevated levels of donor-specific antibodies. After screening,
patients were randomised into two groups of 51 patients each, with one group receiving
eculizumab and a control group receiving the anti-rejection standard of care specified by the
institution in which the patient’s transplant took place. In the preliminary, unpublished, analysis
of the 9-week data, there was no significant difference between treatment and control groups
for the pre-determined composite endpoint (NCT01399593). Full publication of the data and
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subgroup analyses are awaited. Preliminary results of a trial using a C-1 inhibitor have also
been reported, but do not yet enable recommendations for practice to be made (11).

6.3 Choice of Immunosuppression in ABOi
The peak risk period for acute AMR is the first 14 days after ABOi transplantation, perhaps
with a peak at day eight post-transplant (12). There are no randomised trials which indicate
the optimal therapy after ABOi transplantation to prevent AMR. However, unlike HLAi, ABO
antibodies do not seem to cause late AMR or chronic AMR, so the focus is on the prevention
of early AMR.
Most reports use tacrolimus and mycophenolate for maintenance immunosuppression
(13,14). Prednisolone-free immunosuppression has been reported with the use of
alemtuzumab (15).
Early series of ABOi transplantation reported the used of rituximab, IVIg and splenectomy.
Splenectomy is no longer undertaken in most units and is no longer necessary in ABOi (16,17).
In patients with low pre-transplant ABO antibody levels, the successful use of standard
immunosuppression alone has been reported, though there are also reports of graft loss due
to a significant antibody rise in patients with low pre-transplant ABO antibody titres (18,19).
We recommend that IVIG, rituximab, ATG or alemtuzumab may be included in a unit’s
guidelines for ABOi. We do not recommend the routine use of bortezomib or eculizumab.
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7

DIAGNOSIS AND TREATMENT OF ACUTE ANTIBODY MEDIATED
REJECTION

Statements of Recommendation
We recommend that:
•

The diagnosis of acute antibody mediated rejection (AMR) is made following allograft
biopsy. (1C)

•

Patients with histologically proven acute AMR must be screened for the presence of
donor specific antibodies (DSA) at the time of diagnosis. (1C)

•

Patients with acute AMR receive (or are switched to) baseline immunosuppression
including tacrolimus, mycophenolate mofetil and corticosteroids, and are treated with
high dose steroids. (1C)

•

Patients with acute AMR in the presence of a detectable DSA receive extracorporeal
antibody removal with five cycles of treatment or until the DSA is no longer detectable.
(1C)

•

In ABOi renal transplantation, AMR may occur rapidly so multiple therapies may need
to be used. (1C)

We suggest that:
•

IVIg, ATG, rituximab or bortezomib may be used in combination with other agents until
evidence emerges to the contrary. (2D)

•

Eculizumab may be considered for rescue therapy in resistant acute AMR in cases
which are C4d positive or the DSA have complement fixing properties. (2D)

•

Splenectomy may be considered (with or without additional eculizumab) to rescue
acute AMR presenting with acute onset oligo/anuria in the early period after AIT.
Where possible, the diagnosis should be confirmed pre-splenectomy by biopsy. (2D)

7.1 Introduction and Diagnosis
These guidelines are directed primarily towards the management of AIT, but the principles of
diagnosis and treatment may be used in patients without pre-formed donor specific antibodies
at the time of transplantation who subsequently present with acute AMR.
Acute AMR can only be formally diagnosed on renal biopsy. Therefore a biopsy should be
performed in all cases of suspected acute AMR, when safe to do so, in order to exclude other
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pathology and to classify the rejection in line with the current Banff histological criteria (1). In
some patients, it is recognised there may not be an opportunity to perform a renal allograft
biopsy to make a formal diagnosis. This may be because of technical reasons or the need not
to delay treatment.
Immunofluorescence staining to distinguish the predominant cell type involved in rejection
(monocytes vs T cells) and analysis of gene transcripts, as pioneered by the Edmonton group,
are two novel techniques that may significantly improve the accuracy of acute AMR diagnosis
in the future.
Detection of circulating DSA at the time of histological evidence of AMR is required to meet
the full criteria of acute AMR, so all patients should have serological testing for DSA (1). In the
absence of a detectable DSA despite histological features, a diagnosis is categorised
‘suspicious’ for acute AMR (1). As well as assisting in diagnosis, knowledge of the quantity
and characteristics of any DSA present at the time of onset of acute AMR may help predict
prognosis, although this evidence is not graded (2-5).
Extrapolating from desensitisation protocols, it appears the relative strength of antibody
present pre-transplant corresponds to outcome (6,7). Uncontrolled studies have shown that
the risk of acute AMR and allograft failure is higher for positive pre-treatment CDC crossmatch,
positive FC crossmatch, single bead positive DSA, and other factors such as the source of
sensitisation (see section 4.2) (6-8).
There are observational data to suggest that measuring the DSA following treatment of acute
AMR may help determine the response to therapy and overall prognosis, and it is possible
that the change in DSA will become a surrogate end point for therapeutic studies in acute
AMR (2,9).
In patients receiving high immunological risk transplants, the rate of acute AMR in the early
post-transplant period has been reported to occur in up to 40% of patients (6,8,10-13). Severe
acute AMR is associated with oliguria and requires immediate treatment. Measurement of
DSA in these cases may be useful as the rejection episode is often associated with an acute
rise in DSA levels (6,8,10-13).
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7.2 Treatment of Acute AMR
Given the lack of randomised control trials, the optimal treatment for AMR remains uncertain.
Current treatment protocols vary, making meaningful interpretation of reported series difficult.
New treatment protocols are often extrapolated from desensitisation programmes rather than
evidenced from randomised controlled trials (9,12,14-19). A recent systematic review on the
treatment of AMR found only five randomised controlled trials, of which four were performed
before formalisation of the histological definition of AMR by Banff (19). The lack of a definitive
evidence base means that management protocols vary from unit to unit, as described in a
recent study in the USA (15).
The current KDIGO guidelines suggest that acute AMR should be treated with one or more of
the following, with or without steroids: plasma exchange, intravenous immunoglobulin, antiCD20 antibody, and lymphocyte-depleting antibody; however, this advice was based upon
level 2C evidence or less (14).
It is recommended that AIT recipients with acute AMR receive baseline maintenance treatment
with tacrolimus, mycophenolate mofetil and steroids at the usual maintenance doses (20-24).
This is based on evidence drawn from studies assessing maintenance immunosuppression
protocols associated with lower rates of acute rejection (20-24). The more specific treatment
options used in practice are described below and the most relevant references are shown in
Table 7.1.

7.3 Extracorporeal Antibody Removal
Plasmapheresis, plasma exchange and immunoadsorption remove circulating DSA and are
used in in the treatment of AMR (25-34). Whilst historic observational studies had mixed
results regarding the benefit of plasmapheresis in the treatment of acute AMR, one of the few
randomised controlled trials had to be terminated due to the significant benefit seen in the
interventional arm receiving immunoadsorption (29). In this study, pre-sensitised patients who
had pre-transplant immunoadsorption were excluded from study entry, although the majority
of rejection episodes did occur soon after transplantation.
Whilst there are recognised differences between immunoadsorption and plasma exchange,
the principles of antibody removal are similar (25-27). This is shown from the published data,
predominantly from desensitisation protocols on the effectiveness of rapid HLA antibody
removal following plasma exchange (7,8). Plasmapheresis is often administered as five
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sessions on alternate days, or fewer if DSA are no longer detectable. However, there is no
good evidence to make a general recommendation re the optimal regimen.
More recent data have indicated there may be limitations to the use of plasmapheresis in
patients with rapidly rising DSA levels, and in some patients the DSA levels will fall after a few
days regardless of whether plasmapheresis is given. The complication rate, especially
infection, is higher when plasmapheresis is added to ATG therapy (34).

7.4 IVIg
Intravenous immunoglobulin (IVIg) has numerous potential effector mechanisms which could
attenuate the treatment of AMR. These include the ability to neutralise circulating DSA,
inhibition of complement activation, and blocking immune activation by competing for FcγRs
(35). IVIg has been shown to reduce the degree of allosensitisation in highly sensitised renal
patients on the transplant waiting list and is frequently used in protocols for the prevention or
treatment of alloimmune injury (36). There are case reports of successful treatment of acute
AMR when used as a single ‘high’ dose of 2 g/kg (37). The only randomised control trial of
IVIg in allograft rejection is historic and pre-dates AMR as defined by Banff (38). In that study,
the researchers found that IVIg alone was equivalent to OKT3 in the treatment of steroid
resistant rejection (38). Another observational study showed that the use of IVIg could improve
the outcome in patients with both steroid and anti-lymphocyte antibody resistant rejection (39).

7.5 ATG
Most of the evidence re the use of anti-thymocyte globulin (ATG) in the treatment of rejection
predates the inclusion of AMR into the Banff criteria (40). ATG consists of polyclonal
antibodies which predominantly act against T-cells; however it also contains antibodies
against activated B-cell and plasma cell surface antigens (41). It is commonly incorporated
into induction protocols for high immunological risk renal transplantation (8).
In a randomised control trial, ATG was shown to be superior to steroids for the treatment of
first rejection episodes, although the complication rate in the former did not justify its routine
use in this setting (42,43). Most of the trials assessing the use of ATG in the treatment of
steroid-resistant rejection were performed to assess its efficacy over other polyclonal antibody
(anti-lymphocyte globulin (ALG), horse ATG) or monoclonal antibody preparations (OKT3)
(40,42,44). Observational studies indicate that ATG on its own or in conjunction with
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plasmapheresis is effective at reversing histologically proven AMR (45,46). ATG may also be
effective in treating concurrent acute T cell mediated rejection.

7.6 Rituximab
Biological agents targeting B-cells, plasma cells and their derivatives have been increasingly
used as adjuvant therapy in both desensitisation and AMR treatment protocols over the past
decade (8,19).
Rituximab is a B-cell depleting monoclonal antibody directed against the cell surface molecule
CD20. Following administration, rituximab depletes both immature and mature B-cells, but not
plasma cells or memory B cells. Preliminary case reports and series suggested a benefit of
the addition of rituximab to the standard treatment protocols of acute AMR (32,47). Rituximab
is now the commonest add-on agent used in the treatment of acute severe AMR (15,19).
However, two notable studies have emerged which cast considerable doubt over the putative
benefit of rituximab for the treatment of acute AMR. The first is a retrospective case-control
observation comparing the use of bortezomib with rituximab as an add-on immunosuppressive
agent in patients with acute AMR receiving plasmapheresis and IVIg. In this study, there was
a trend toward superior allograft survival and improved allograft function in the patients
receiving bortezomib (48). The second study is a randomised controlled trial, Ritux ERAH
(NCT01066689), which has published one year outcomes in abstract form (49). This double
blinded randomised controlled trial analysed the effectiveness of rituximab versus placebo in
patients with acute AMR receiving plasmapheresis, IVIg and corticosteroids. At one year, there
was no benefit of adjuvant rituximab in terms of allograft survival or improvement in function
(21,49). The longer term outcomes have yet to be reported.

7.7 Bortezomib
Bortezomib is a proteasome inhibitor which induces apoptosis in metabolically active plasma
cells. The first description of the use of bortezomib for acute AMR was published in 2008 by
Everly et al (50). They described six cases of mixed AMR and ACR which were successfully
treated with Bortezomib. However, five of these patients also received rituximab or ATG, and
all received plasmapheresis. In the largest series reported, bortezomib was used in
conjunction with plasmapheresis and IVIg to treat 16 renal transplant recipients with AMR.
Allograft survival was 85% at a median of 9.8 months but only 25% of grafts regained their
baseline function. The authors concluded that bortezomib demonstrated anti-humoral activity
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but appeared to be most effective when used early (50). Subsequent observational studies
have also suggested a positive role for bortezomib in the treatment of acute AMR (48,51).
The use of bortezomib in chronic AMR is being addressed in two clinical trials. The first,
bortezomib for the treatment of late antibody mediated rejection, BORJECT Study
(NCT01873157), aims to examine its effectiveness in preserving allograft function in patients
found to have a de novo DSA on routine screening coupled with subclinical AMR. The
investigators will be using bortezomib in isolation (22).

7.8 Eculizumab
Eculizumab is a humanised monoclonal antibody directed against the complement component
C5. Its use to treat severe, refractory AMR is limited to case reports and small case series
where there is likely to be a strong element of publication bias (11,52,53). A single centre
study indicated that it reduced the incidence of acute AMR post-transplant, but longer term
reported outcomes suggest it did not prevent the development of chronic AMR (13) and a
preliminary report from a recent randomised controlled trial showed no difference between
treatment and control groups in relation to the composite primary endpoint (see section 6.2).
There have also been reports of failure of eculizumab to rescue allografts with acute AMR. Of
note in a case series of 2 patients where treatment failed, the allograft showed C4d negative
AMR and the DSA present were non-complement fixing (54). The authors noted that antibodymediated injury may occur in a non-complement dependent manner and eculizumab may not
be of benefit in this setting (54).
There are numerous active clinical trials involving the use of eculizumab for the prevention of
AMR in a number of different settings (52). There is no active trial investigating its use in the
treatment of acute AMR; however, there is an ongoing study assessing its use in the treatment
of chronic complement-mediated injury of renal allografts (NCT01327573) (24).

7.9 Splenectomy
Splenectomy has been used for rescue therapy in patients with severe AMR in HLAi (10). One
study from the Johns Hopkins University reported on five patients, all who were failing to
respond to plasmapheresis and IVIg (± rituximab and ATG). All five patients had return of
allograft function within two days of splenectomy (10). In a more recent study, the same group
reported on outcomes of HLAi patients with severe acute AMR post-transplant who underwent
rescue therapy either with splenectomy alone, eculizumab alone, or splenectomy plus
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eculizumab (11). They described superior outcomes in the group who received treatment with
splenectomy plus eculizumab. Of note, the eculizumab alone group had the worst outcome
(11).

Table 7.1 Summary of studies into the use of agents to treat acute AMR
Mechanism of

Agent (predominant mechanism)

References

Extracorporeal

Plasma exchange/immunoadsorption

28*, 29*, 30, 31*, 32-

DSA removal

(physical removal)

34

Reduce DSA

ATG (anti-T cell, B cell apoptosis)

43*, 44*, 45, 45

production

Rituximab (anti-B cell)

32, 47, 48, 49*

Bortezomib (Anti-plasma cell)

48, 50, 51

Splenectomy

10, 11

Eculizumab (blocks complement

11, 53, 54

action

Reduce DSA injury

activation)
Multiple level

IVIg

32, 38*

ATG (anti-T cell, B cell apoptosis)

43*, 44*, 45, 46

Steroids

46

effects

*Randomised controlled trials
7.10 AMR in ABOi
In contract to HLAi transplantation, acute AMR is uncommon following ABOi transplantation
but it can be catastrophic when it occurs, leading to allograft infarction in a matter of hours.
Whilst most acute AMR after HLAi transplantation may respond, at least initially, to treatment,
rejection after ABOi transplantation may be of rapid onset and antibody levels more resistant
to removal. Reports of successful treatment often include the use of multiple therapies,
sometimes initiated as soon as graft dysfunction is observed, and sometimes with a biopsy
performed after initial therapy.
While it is not possible to make graded recommendations based on evidence, one anecdotal
approach that has been used successfully in ABOi is described here. Daily antibody level
measurement may indicate an early sign of immune activity. Minor changes (for example titres
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changing by one dilution (e.g. 1/4 to 1/8)) may prompt a plan of plasmapheresis or
immunoadsorption for the following day if the following day’s antibody titre is worse. If the
change is two dilutions, e.g. 1/4 to 1/16 from the previous day, then treatment may be initiated
that day. Rising titres despite immunoabsorption combined with graft dysfunction mean that
the graft may thrombose as the antibody is being synthesised at a faster rate than it can be
removed. Vascular patency needs to be confirmed by ultrasound and then the recipient treated
with complement blockade (eculizumab), which may need to be administered within 24-48
hours of graft dysfunction if antibody titres are rapidly increasing. Histological confirmation of
antibody prior to treatment serves to delay this decision and may be postponed. Combining
extracorporeal antibody removal with eculizumab is expensive and serves to reduce the
effectiveness of eculizumab.
Graft dysfunction with low levels of AB antibody and without cell fragmentation should prompt
the normal approach of ultrasound scan and biopsy and the more normal steroid based
treatment, as T cell mediated rejection may be present.
Further studies should be undertaken to determine whether biomarker/s can reliably predict
the onset of oliguria due to AMR in ABOi kidney transplantation. These could include a change
in ABO antibody levels as suggested above, and possibly other markers of early allograft
injury.
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8

DIAGNOSIS AND TREATMENT OF CHRONIC ANTIBODY MEDIATED
REJECTION

Statements of Recommendation

We recommend that:
•

The diagnosis of chronic antibody mediated rejection (cAMR) is made on renal allograft
biopsy. (1C)

•

Patients with histological changes consistent with cAMR are screened for the presence
of DSA. (1C)

•

In ABOi transplantation, the risks of late AMR related to blood group antibodies are
very low. If there is a suspicion of AMR, the patient’s current HLA antibody status
should be checked. (1C)

•

Other causes of ‘glomerular double contours’ are excluded. (1C)

We suggest that
•

In order to prevent cAMR, there is no evidence that maintenance immunosuppression
need be more intense than for standard transplants, but there should be careful
attention to advising and supervising adherence to care. (2C)

•

Immunosuppressive agents used for the treatment of acute AMR may be considered
for the treatment of cAMR in the presence of coexisting acute features of AMR. (Not
graded)

8.1 Diagnosis and Management
Chronic AMR is an important cause of graft loss in all types of solid organ transplantation.
Given that it is associated with the appearance of HLA specific antibodies, patients
transplanted across pre-existing DSA are at high risk. This is especially the case in those with
very high pre-treatment DSA levels (e.g. positive CDC crossmatch), or those with early acute
rejection episodes. There is, however, no evidence that the patients at risk require different
management post-transplant than those receiving standard transplants.
Chronic AMR is a histological diagnosis, defined by the 2013 Banff meeting as the presence
of one or more features of chronic injury: either double contours of the glomerular basement
membrane on light microscopy or electron microscopy (transplant glomerulopathy); or severe
peritubular capillary basement membrane multi-layering (by electron microscopy) or arterial
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intimal fibrosis, where no other cause is identified (1). The histological changes are most likely
the end result of previous episodes of active antibody mediated rejection. Chronic AMR is
associated with a poor prognosis and there has been no report of effective sustained treatment
(2). There is a higher incidence of chronic AMR in renal patients undergoing high
immunological risk transplants, with a reported prevalence of 27% at one year in one series
(3). The presence of the histological features consistent with transplant glomerulopathy may
be caused by other pathogenic mechanisms other than chronic AMR including thrombotic
microangiopathy and hepatitis C (4), and has also been associated with T-cell mediated
rejection (5). The Banff 2013 criteria therefore require other causes of double contouring to be
excluded before a diagnosis of chronic AMR is made.
Detection of circulating DSA at the time of histological evidence of AMR is required to meet
the full criteria of acute AMR, therefore all patients should have serological testing for DSA
(1).
There are few reports of late graft rejection attributable to ABO antibodies. Therefore, if chronic
AMR is suspected in a recipient of an ABOi transplant, the HLA antibody status of the patient
should be checked and the patient should be treated as for HLA antibody mediated chronic
AMR if such antibodies are found.
There is a lack of evidence and no graded recommendations regarding the treatment of
transplant glomerulopathy. A number of studies are being undertaken in this field as outlined
previously. The RituxiCAN-C4 study aims to assess if rituximab can improve allograft function
and reduce proteinuria in renal transplant recipients with chronic AMR (NCT00476164). The
TRIBUTE study (NCT02201576) is an efficacy study which aims to assess the benefit of
bortezomib in conjunction with plasmapheresis and IVIg in preventing progression of the
histological features of chronic AMR. There is an ongoing study assessing the use of
eculizumab in the treatment of chronic complement-mediated injury of renal allografts
(NCT01327573).
A small number of observational studies suggest that the response to treatment directed at
the humoral response may be greater in patients where there is significant microvascular
inflammation; however, this has not been shown in an appropriately powered prospective trial
(6). In the absence of strong evidence, we suggest that patients be maintained on triple
immunosuppression including tacrolimus and mycophenolate. Additional measures to reduce
proteinuria, including blockade of the rennin-angiotensin system, should also be taken.
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9

HEART, LUNG, LIVER AND OTHER SOLID ORGANS

Statements of Recommendation
We recommend that
•

Heart and liver transplantation may be carried out across ABO incompatibility in infants
who have no detectable ABO antibodies. (1C)

•

HLAi heart, lung and liver transplantation may be performed when there is no suitable
compatible organ available and there has been a risk assessment in conjunction with
the patient and the H&I laboratory. (1C)

•

Transplantation of a liver at the same time as other organs (e.g. kidney, pancreas or
small bowel) may confer protection against AMR and may be performed following risk
assessment and informed patient consent. (1C)

We suggest that
•

ABOi heart, lung and liver transplantation may be performed when there is no suitable
compatible organ available and there has been a risk assessment in conjunction with
the patient and the H&I laboratory; and if approved by NHSBT in light of other factors
such as organ shortage. (2C)

•

Antibody incompatible transplantation of pancreas, islets and small bowel is high risk
(unless performed together with a liver transplant) and should only be performed
following laboratory assessment and informed patient consent. (2C)

9.1 Introduction
The relative success of AIT in kidney transplantation has not been replicated to the same
degree in other organs. This is due to several factors, the main one being the lack of a living
donor option and hence the inability to plan transplant dates and preparatory
immunomodulation. However, there have been notable successes transplanting small groups
of patients in certain categories.
There are different challenges involved in all forms of solid organ transplantation, especially
where there is no readily available replacement therapy such as dialysis for those awaiting a
kidney transplant. There have been huge advances in ventricular assist devices for those in
end stage heart failure, but currently these are still seen as a bridge to transplantation in the
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majority of cases, and there are no similar supportive measures for those requiring lung or
liver transplantation.
Each organ has its own immunological challenge. In most cases, patients requiring a
transplant will receive a limited number of offers and therefore it is incumbent on the transplant
community to ensure that any immunological barriers that can be overcome are investigated
thoroughly.
Organ specific antibody incompatibility is also considered in the BSHI/BTS guideline
‘Guideline for the detection and characterisation of clinically relevant antibodies in
allotransplantation’ (1).

9.2 Transplantation in Infants
New-borns do not make their own antibodies, and in infancy the production of AB antibodies
does not develop until weaning. Thus an ABO incompatible transplant may be performed
safely if the ABO titre is 1 in 4 or less under the age of two years; and indeed the infant will
subsequently not produce antibodies against the donor blood group (2,3). UNOS does not
recommend ABO-incompatible transplantation beyond this age.
With the development of potential post-transplant therapies such as antibody removal columns
and monoclonal antibodies and with increasing experience, these goalposts have changed
with many centres now transplanting patients with higher antibody titres (4,5).

9.3 Liver Transplantation
It has been recognised for many years that the liver may absorb HLA antibodies without
suffering severe acute AMR even if the pre-transplant CDC crossmatch is positive (6-9).
However, if only a segment of a liver is transplanted, clinically significant rejection may occur,
presumably as circulating antibody is deposited at a higher concentration. Evidence is
accumulating that crossing pre-transplant Luminex detectable antibodies leads to increased
complication rates in the early post-transplant phase. However, these complications are
usually surmountable due to the ability of the liver to regenerate and repair, and therefore most
centres will still transplant across such antibodies (9,10).
The liver may also ‘protect’ other organs against AMR, and it is well documented, for example,
that a liver transplant may render a CDC crossmatch negative within a few minutes, and the
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subsequent transplantation of a kidney may be successful (11-13). As well as the kidney, other
visceral organs may be safely transplanted at the same time as the liver.
Likewise the liver may absorb ABO antibodies without suffering AMR, and ABOi liver
transplantation may be performed if there is no alternative in clinically urgent cases. However
the outcomes are reduced with occasional occurrence of AMR (14-17). There are fewer data
on whether a high ABO antibody titre is a risk factor for AMR, though transplantation from
donor group A2 into an O recipient may be lower risk (18).

9.4 Heart and Lung Transplantation
Following the introduction of more sensitive assays, the number of patients on transplant
waiting lists who are considered to be sensitised has increased. In thoracic transplantation,
>40% of patients are now considered to be sensitised (19). Successful transplantation across
a pre-formed HLA antibody barrier may be successful, although a positive pre-transplant CDC
crossmatch is associated with worse outcomes and emerging evidence indicates that lower
levels of DSA also have a detrimental clinical effect (20-21).
BSHI/BTS clinical guidelines have recommended risk stratification as follows (1). No pretransplant HLA antibody indicates a standard risk transplant. Cumulative MFI values of below
2,000 (i.e. the sum of MFI values of each defined antibody specificity corresponding to donor
HLA mismatches) are considered to confer an additional, although manageable risk of early
rejection with minimal risk of hyperacute rejection. Such enhanced immunological risk would
be managed by increased immunosuppression and regular post-transplant monitoring. For
patients with pre transplant DSA in the MFI range 2,000 – 5,000, the risk of hyperacute
rejection is also reported to be low. Pre-transplant antibody reduction with enhanced
immunosuppression and post-transplant antibody monitoring are suggested as techniques to
manage the risk associated with antibody detected at this level. With antibody MFI above
5,000 the risk of hyperacute rejection is increased and therefore this is considered a
contraindication to transplantation in all but exceptional cases. Other assays should be
introduced in such cases including prospective crossmatching and/or complement fixing
assays.
Clinical urgency is usually the main driver toward transplanting patients and often overrides
the increased risk of AMR following an ABOi transplant. Given this, the associated risk from
ABOi may be preferable to the risks of waiting for an ABO-compatible transplant. Irving et al
recently published data documenting intentional ABO-incompatible transplantation of patients
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with high pre-transplant ABO titres showing that the ABO barrier can be overcome in paediatric
heart transplantation, and as time has passed more challenging ABOi heart transplants are
now performed in older children (22).
Successful outcomes have been reported after ABOi heart or lung transplantation in adults,
but there are not enough data to make recommendations in this field (23,24).

9.5 Other Organs
Transplants of the pancreas, islets and small bowel are known to be at increased risk of AMR
if there are pre-formed HLA antibody barriers, but there are few data in these fields and it is
not possible to make recommendations at present unless a simultaneous liver transplant is
also being performed (see above) (11,25,26).
The risks of transplanting against known DSA need to be balanced against the risk to the
patient of not transplanting and the future possibility of the patient receiving an alternative
donor with a lower immunological risk. Bearing this in mind, the following approach is
suggested in the BSHI/BTS guidance (1). No pre-transplant HLA antibody indicates a standard
risk transplant. A cumulative MFI value of below 2,000 is considered to confer an additional
risk of early rejection. For patients with pre-transplant DSA in the MFI range 2,000 – 8,000,
the FC crossmatch is likely to be positive and the risk is considered to be intermediate. With
antibody MFI above 8,000 there is a high risk the CDC crossmatch will be positive and a high
risk of rejection.

9.6 Prevention, Diagnosis and Treatment of Rejection
The same therapies and drugs may be used to prevent and treat antibody mediated rejection
as in chapters 6–8. The diagnosis of rejection is organ-specific and may be made either by
biopsy, using organ specific diagnostic criteria, or in some cases by clinical and laboratory
criteria without biopsy.
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