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BACKGROUND: The problem of AMR remains unsolved because standardized schemes for diagnosis
and treatment remains contentious. Therefore, a consensus conference was organized to discuss the
current status of antibody-mediated rejection (AMR) in heart transplantation.
METHODS: The conference included 83 participants (transplant cardiologists, surgeons, immunologists and
pathologists) representing 67 heart transplant centers from North America, Europe, and Asia who all participated
in smaller break-out sessions to discuss the various topics of AMR and attempt to achieve consensus.
RESULTS: A tentative pathology diagnosis of AMR was established, however, the pathologist felt that
further discussion was needed prior to a formal recommendation for AMR diagnosis. One of the most
important outcomes of this conference was that a clinical definition for AMR (cardiac dysfunction
and/or circulating donor-specific antibody) was no longer believed to be required due to recent
publications demonstrating that asymptomatic (no cardiac dysfunction) biopsy-proven AMR is asso-
ciated with subsequent greater mortality and greater development of cardiac allograft vasculopathy. It
was also noted that donor-specific antibody is not always detected during AMR episodes as the antibody
may be adhered to the donor heart. Finally, recommendations were made for the timing for specific
staining of endomyocardial biopsy specimens and the frequency by which circulating antibodies should
be assessed. Recommendations for management and future clinical trials were also provided.
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CONCLUSIONS: The AMR Consensus Conference brought together clinicians, pathologists and im-
munologists to further the understanding of AMR. Progress was made toward a pathology AMR
grading scale and consensus was accomplished regarding several clinical issues.
J Heart Lung Transplant 2011;30:252–69 © 2011 International Society for Heart and Lung Transplan-
tation All rights reserved.
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A consensus conference was organized on April 20,
2010, to assess the current status of antibody-mediated
rejection (AMR) in heart transplantation. The conference
had 83 participants (transplant cardiologists, surgeons, im-
munologists and pathologists, see Appendix A) representing
67 heart transplant centers from North America, Europe,
and Asia. Because of traveling difficulties imposed by Ice-
landic volcanic ash, participation by several Northern Eu-
ropeans was facilitated by an Internet link.

Before the conference, survey data regarding clinical
information about AMR was submitted by 46 of the 67
centers that participated in the conference and is summa-
rized in Table 1. This survey provided background infor-
mation on the pre-conference beliefs about AMR and con-
temporary practice considerations. AMR was reported in
6% of 5,406 heart transplant patients whose data was sub-
mitted. Criteria for diagnosis of AMR included various
combinations of factors, including cardiac dysfunction,
pathologic findings from endomyocardial biopsy specimens
(from both histology and immunopathology stains), and
circulating antibodies. However, of great concern was that
53% of centers diagnosed AMR on the basis of cardiac
dysfunction accompanied by a negative endomyocardial
biopsy specimen. This underscored the need for this con-
ference to clearly define AMR so as to standardize the
approach and management.

Many questions arise in regard to AMR in heart trans-
plantation, specifically:

● Pathologic definitions: Can histology alone suffice? Are
histology and immunopathology both needed for diagno-
sis?

● Clinical definition of AMR: Is it necessary? Is there a
requirement for cardiac dysfunction? What is the mean-
ing of asymptomatic AMR (biopsy specimen findings
only, without symptoms or cardiac dysfunction)?

● Are circulating antibodies a prerequisite for AMR? What
are the roles of donor-specific antibody (DSA), non-
specific human leukocyte antigen (HLA) antibody, and
non-HLA antibody?

● What are the appropriate monitoring intervals to detect
AMR for endomyocardial biopsy specimens (eg, when do
we perform immunopathology stains?) and blood draws
for circulating antibodies?

The following is a summary of the AMR Consensus

Conference, which addressed these questions. This sum-
mary will also include presentations given at the conference
and the results of the breakout sessions that followed which
helped to formulate the consensus points agreed on in the
final session. This summary of the AMR Consensus Con-
ference reflects the current state of AMR in heart transplan-
tation and hopefully will lead to further understanding,
clarification, and treatment options for patients experiencing
this form of rejection.

Clinical background

Although the advent of immunosuppressants, such as cy-
closporine, has significantly lowered the frequency of acute
cellular rejection after heart transplantation, the incidence of
AMR remains relatively unaffected.1,2 The problem of
AMR remains unsolved because standardized schemes for
diagnosis and treatment remain contentious, and current
immunosuppressive regimens are largely intended to inter-
fere in T-cell signaling pathways.3 As a result, AMR con-
tinues to appear in roughly 10% to 20% of heart transplant
patients, correlating with factors of poor outcome such as
increased incidence for hemodynamic compromise rejec-
tion, greater development of cardiac allograft vasculopathy
(CAV), and higher incidence of death.4–7

Evaluation of AMR first began with Herskowitz et al8 in
1987, who described it as a type of rejection characterized
by arteriolar vasculitis and poor outcome in heart transplant
recipients. Recognizing the importance of AMR, Hammond
et al9 went on to supplement this literature, providing the
initial immunohistochemical evidence that AMR involved
antibody deposition with subsequent complement activa-
tion. Although some critics still doubt the existence of
“antibody-mediated” or “vascular” rejection, the pathologic
changes of AMR have been reviewed by the International
Society for Heart and Lung Transplantation (ISHLT) and
identified by a blueprint of capillary endothelial changes,
macrophage and neutrophil infiltration, interstitial edema,
and linear accumulation of immunoglobulins and comple-
ment, especially complement component C4d along capil-
lary endothelium.10

Since this time, a number of studies have examined the
many different features of AMR. From these mainly obser-
vational studies, AMR has been found to occur both early
and late after transplantation and has been identified with

risk factors such as female gender, elevated pre-transplant
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panel-reactive antibodies (PRAs), development of de novo
DSAs late after transplantation, positive donor-specific
crossmatch, prior sensitization to OKT3, cytomegalovirus
(CMV) seropositivity, prior implantation of a ventricular
assist device, and retransplantation.4,10–13 In clinical prac-
tice, AMR is generally diagnosed and treated in patients
with clinical symptoms of heart failure and evidence for left
ventricular dysfunction in the absence of cellular infiltrates
on endomyocardial biopsy (EMB) specimens. However,
without clear pathologic and immunologic findings con-
firming AMR, these previous declared episodes of AMR
would come into question.

Nonetheless, although such factors do provide some in-
sight into the nature of the disease, much work is needed
with respect to identification, clarification, and understand-
ing of AMR, especially in patients with normal cardiac
function and no symptoms of heart failure (asymptomatic)
but with circulating DSAs or positive biopsy specimens, or
both. In addition, the recommended frequency after heart

Table 1 Antibody-Mediated Rejection in Heart Transplantatio
Represented)

The highlights from the antibody-mediated rejection (AMR) pr
are the following:

● The total number of treated AMR patients was 324 of 5406
X The total number of AMR patients with PRA � 10% befor
y The total number of sensitized patients treated pre-trans

● Other characteristics regarding AMR included:
X 70% of treated AMR patients recover to left ventricular e
X 20% of AMR patients with recurrent AMR
X 53% of centers diagnose AMR as a result of negative bio
y Of these centers, almost half of AMR episodes reported w

● The criteria used by centers to detect AMR was:
X Cardiac dysfunction: 79%
X Immunohistochemistry: 68%
X Immunofluorescence: 67%
X Histologic findings: 57%
X Donor-specific antibodies: 52%

● The assays used by centers to detect circulating antibodies
X Luminex: 93%
X Complement-dependent cytotoxicity: 43%
X Flow cytometry: 43%
X Enzyme linked immunosorbent assay: 21%

● The assessment of circulating antibodies was as follows:
X 35% of centers routinely monitor for circulating antibodi
X 79% of centers quantify amount of specific antibodies th
X 15% of centers treat asymptomatic donor-specific antibo
X 14% of centers evaluate for non-human leukocyte antige

● The AMR treatment used by centers for the initial and secon
X Plasmapheresis: 81% and 16%
X Intravenous Solu-Medrol: 79% and 18%
X Intravenous immunoglobulin: 67% and 29%
X Rituximab: 52% and 58%
X Anti-thymocyte globulin: 36% and 29%
X Photopheresis: 7% and 16%
X Bortezomib: 7% and 8%
X Total lymphoid irradiation: 0% and 21%
X Other: 12% and 11%
transplant for monitoring circulating antibody or the impor-
tance of DSA titers has yet to be determined. Likewise, the
criteria for diagnosis and categorization of AMR require fur-
ther consideration. As a group, we aimed to resolve these
issues and others in an attempt to guide the pursuit of future
clinical trials and to improve the current quality of medi-
cine.

Specific background topic presentations

I. Mechanisms of AMR: Adriana Zeevi, PhD

AMR in heart transplantation is associated with hemody-
namic compromise, increased graft loss, CAV, and in-
creased death.14 Rejection caused by an antibody is medi-
ated by different mechanisms compared with T-cell
rejection.3 Classically, antibody induces acute rejection
through the fixation and activation of the complement cas-
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ment, which is a multifunctional system of receptors, reg-
ulators, and effector molecules, is a very powerful amplifier
of innate and adaptive immunity contributing to the patho-
genesis of AMR.15

Activation of the complement cascade also generates
biologically active complement split products, including
C3a, C4a, and C5a, that can initiate vasoactive responses
and are potent mediators of chemotaxis of neutrophils,
monocytes, and macrophages.15 Furthermore, even sub-
lytic amounts of the terminal complement components
(C5b, C6, C7, C8 and C9) may initiate multiple pro-inflam-
matory changes in endothelial cells and smooth muscle
cells.15 The vascular responses to C5a and membrane attack
complex include release of von Willebrand factor, P-selec-
tin, and CD63 from the Weibel-Palade storage granules.15

The interaction of platelets with endothelial cells is pro-
moted through their receptors for P-selectin and vascular
cell adhesion molecules expressed by activated endothelial
cells.16 Adherent platelets release granules containing in-
flammatory molecules, such as regulated upon activation
normal T-cell expressed and secreted (RANTES), interleu-
kin-1b, and macrophage inflammatory protein-1, thereby
further enhancing leukocyte localization and activation.16

High titers of anti-HLA antibodies bound to the target HLA
antigen on endothelial cells can also up-regulate fibroblast
growth factor receptor on endothelial cells, promoting fibro-
blast growth factor-mediated endothelial cell proliferation.17

Binding of HLA antibodies also triggers activation of mam-
malian target of rapamycin complex 1 and phosphorylation of
downstream targets S6 kinase and S6 ribosomal protein
(S6RP), resulting in protein synthesis and proliferation.17

Lepin et al18 demonstrated that p-S6RP staining of capillary
endothelial cells is associated with AMR, C4d, and circulating
donor-specific anti-HLA antibodies.

Recent studies have demonstrated a pattern of altered
endothelial gene expression in biopsy specimens from pa-
tients with alloantibodies and acute or chronic renal dys-
function.19,20 The expression of these endothelial-associated
transcripts, detected by microarray, were selectively higher
in C4d-positive AMR than in T-cell mediated rejection.19 In
addition, renal allograft recipients with active AMR and
circulating alloantibodies expressed high endothelial-asso-
ciated transcript scores even in the absence of C4d stain-
ing.21 Increased endothelial transcripts were also detected in
cardiac biopsy specimens in the presence of circulating
alloantibodies and were associated with graft dysfunction.
This molecular endothelial cell phenotype in AMR indicates
endothelial activation and may therefore be a sensitive and
specific method to diagnose an antibody-mediated process
in the presence or absence of C4d.19,20

II. Standardization of the pathologic and
immunologic criteria for the diagnosis of AMR in
heart transplantation: Report in the framework of
ISHLT and Banff: E. Rene Rodriguez, MD

The Heart Session of the Tenth Banff Conference on Allo-

graft Pathology, held in August 2009, attempted to stan-
dardize the pathologic and immunologic criteria for the
diagnosis of AMR in heart transplantation. This session was
organized with mutual agreement of the ISHLT Board of
Directors and the organizers of the Banff Conference on
Allograft Pathology.

More than 60 participants attended the heart session,
including immunologists, pathologists, and at least 10 clin-
ical cardiologists (out of more than 250 attendees to the
entire conference). Introductory presentations encompassed
gene expression in heart biopsy specimens, with focus on
the microvasculature, a brief review of the complement
system and its regulators, and aspects of DSA testing in
pre-sensitized patients and post-transplant testing recom-
mendations.

These were followed by presentation of 2 surveys on the
practice and diagnostic approach to AMR in Europe and in
North America. Both surveys substantiated the lack of a
uniform, standardized approach to the diagnosis of AMR in
29 centers surveyed in Europe and 94 in North America.
The survey presentation was followed by presentation of
specific data of evaluation for AMR in the United Kingdom
and in Boston and Cleveland.

The afternoon session was dedicated to the presentation
and discussion of the results of an exercise in the reproduc-
ibility of immunostaining human myocardium to detect
products of complement activation C4d and C3d. These
included 2 non-transplant control cases and 10 post-trans-
plant autopsy cases in which AMR had been diagnosed.
Thirteen centers participated by staining the exact same
tissues with their local methods for detection of C4d depo-
sition by immunoperoxidase. Seven centers also immuno-
stained these tissues to detect C3d deposition. This exercise
showed high reproducibility of the immunoperoxidase
stains, with expected variations on the “extreme” cases (ie,
very weak or very strong immunoreactivity). A rapid con-
sensus was achieved in several points:

1. There is very good reproducibility between centers in
North America and Europe in immunoperoxidase stain-
ing for C4d and C3d in the myocardium. Minor technical
adjustment to the immunohistochemical techniques
should provide close to 100% reproducibility.

2. There was consensus that the vascular territory to be
evaluated should only include capillary vessels. Arteri-
oles, veins, arteries, endocardium, vessels in Quilty le-
sions, myocyte sarcoplasm, and the interstitial connec-
tive tissue should not be considered in the
immunohistochemical evaluation of AMR.

3. The use of immunostains with low sensitivity and low
specificity reported in recent publications, such as im-
munoglobulins, should be obviated.

4. There seems to be good equivalence between immuno-
fluorescence detection of C4d and C3d and immunoper-
oxidase detection of these two markers. Two ongoing
studies should confirm reproducibility of these prelimi-
nary results in heart tissues.

5. Agreement was reached on a tiered system of light mi-
croscopic and immunohistochemical evaluation for

markers of AMR.
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6. There is some clinical evidence of protective mecha-
nisms.

7. There should be a team approach to the evaluation and
diagnosis of AMR in a patient, which includes the in-
volvement of pathologists, immunologists, and cardiol-
ogists.

8. There should be minimum times in which serum is
collected for storage in case it is needed for the diagnosis
of AMR.

9. There is further reproducibility on the evaluation of C4d
and C3d as markers between North American and Eu-
ropean centers.

Additional work is needed in defining and standardizing
the possible use of staining intensity scales for scoring C4d
and C3d and their potential use as diagnostic criterion.
Specific recommendations for this diagnosis in pediatric
heart transplant recipients are imperative. Equivalence stud-
ies to compare immunofluorescence with immunoperoxi-
dase are ongoing. Specific guidelines on reporting can then
be crafted. The requirement that clinical dysfunction be
present for the diagnosis of AMR, as the current ISHLT
working formulation requires, was not discussed. The con-
cepts of asymptomatic AMR/sub-clinical AMR/mixed
AMR/and chronic AMR in heart transplantation were also
not discussed, because it would be premature to define
entities and processes when the basic definition of the acute
underlying mechanism(s) and diagnosis has not yet been
standardized.

In summary, the progress made during this session at the
Banff conference was significant because it provided con-
sensus on several important points. Further work and dis-
cussion is warranted.

III. A European approach to the pathologic
diagnosis of AMR: Margaret Burke, MD, and
Annalisa Angelini, MD, on behalf of the
Association for European Cardiovascular
Pathologists

A questionnaire-based survey of 51 centers in 15 European
countries investigated how pathologists apply the 2004
ISHLT recommendations for a biopsy specimen diagnosis
of AMR.21 It was presented at a 2010 ISHLT Scientific
Session in Chicago.22 Information was sought on technical
aspects of C4d immunostaining of routinely processed EMB
specimens, on interpretation and reporting of the results for
C4d using immunofluorescence (IF) of frozen sections or
immunohistochemistry (IC) of paraffin sections, access to
results of real-time serologic testing for DSAs, and access to
clinical data at the time of biopsy reporting.

Completed questionnaires were received from 37 of the
51 centers (72%), with 32 (86%) of these performing C4d
staining and 25 (78%) using paraffin IC. At the time of the
survey, 5 centers (3%) did not assess C4d. Methodology
was comparable: 23 of the 25 centers used the polyclonal

Biomedica antibody at a dilution of between 1:10 and
1:120. Selection of additional antibodies in an AMR panel
to supplement positive C4d staining was variable. Nearly
40% of centers routinely tested for C4d staining. Histologic
and/or clinical abnormalities triggered testing in the remain-
ing centers. All centers assessed C4d capillary positivity
irrespective of other structures stained, but there was no
uniformity of interpretation of intensity or distribution of
staining, and hence, what should be considered as a positive
result. Five centers (16%) adapted the Banff scoring system,
with scores from 0 to 4�, and scores of 3� and 4� being
considered positive; 12 centers (37%) used other grading
systems. The remaining centers ignored distribution or in-
tensity of staining, or used no grading system at all.

Twenty-two pathologists (69%) recommended to their
clinicians that testing for DSAs be done if indicated from
the biopsy specimen findings. However, DSA status at the
time of the biopsy was known in only 17 centers (53%).
Subsequent questioning about serology revealed that DSAs
were assessed routinely in only 6 centers (19%) and for
clinical indications in 14 (44%). HLA antibodies were in-
vestigated in 19 centers (59%) and non-HLAs in 10 (31%).
Luminex methodology for DSA testing was used in 15
centers (47%), 11 also doing quantitative antibody assays.
Serum was banked for future testing in 19% of centers.
Pathologists regularly interacted with clinicians through
clinical meetings in 26 centers (82%), but only 7 (22%) had
easy access to expert immunologic advice. Perspectives
from the European survey were:

1. The diagnosis of AMR requires input from the biopsy,
serology, and clinical parameters of graft function; that is
to say, a multidisciplinary approach as suggested by the
2004 National Institutes of Health consensus conference
on AMR.23

2. Validation of paraffin section IC against frozen section
IF staining of capillaries for C4d is needed.

3. Should routine C4d staining be done and what other
antibodies should be included in a primary panel?

4. A universally agreed grading system for biopsy C4d
deposition by IC or IF should be established and must
include definitions of a positive and a negative result.

5. The biopsy antibody panel should be widened if coex-
isting acute cellular rejection is suspected or if published
evidence suggests that other markers, such as C3d and
CD68 (for macrophages), give useful prognostic infor-
mation.

6. Serum should be banked at pre-determined intervals to
facilitate contemporaneous and retrospective DSA test-
ing as required.

IV. What are the assays to specify and quantify
circulating antibodies? Is quantity of antibody
crucial? How often should they be monitored?:
Nancy Reinsmoen, PhD

Cell-based and solid-phase assays are both used to specify
and quantify circulating antibody. Laboratories use a com-

bination of both procedures in a sequential and economi-
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cally feasible approach to provide the information necessary
regarding comprehensive antibody status and antibody to
potential donors. Solid-phase antibody (SPA) detection as-
says are highly sensitive and specific and have revolution-
ized the approach to determining the specificity and strength
of the antibodies detected. Usually, the most sensitive assay
is used initially to determine whether HLA-specific anti-
body can be detected. The flow screening beads are com-
monly used to identify the percentage of binding observed
with the class I and class II beads. The specificity of the
antibodies is determined by the SPA single antigen or phe-
notype beads. Standard fluorescent intensity or mean fluo-
rescence intensity can be used to report the strength of the
antibodies.

Several caveats should be considered in the interpre-
tation of the SPA results. The density of antigen on the
beads is not standardized and differs among beads and
between lots. The antigen density on the beads does not
reflect the antigen density on the cells. HLA-C, HLA-
DQ, and HLA-DP are at a higher density on the beads
than on cells. The cell-based assays include both com-
plement-dependent cytotoxicity (CDC) and flow cytom-
etry crossmatches, which are used to determine donor
antigen-specific reactivity.

The laboratory program must correlate the strength of
binding obtained with the antibody detection methods with
the concomitant CDC and flow cytometry crossmatch re-
sults. Several studies have investigated the ability to predict
accurately crossmatch outcome from SPA data using single
antigen bead, phenotype beads, or the summing of all SPA
DSA binding.24 These data provide the basis for assigning
unacceptable antigens that will be program-specific and
center-specific.25

Finally, many studies have monitored the post-transplant
antibody status of solid organ transplant recipients. De novo
DSA antibody is more likely to develop after transplant in
recipients who are sensitized before transplant.26 Most of
these antibodies appear in the first 60 days; thus, monitoring
during this period appears critical. Development of de novo
DSAs after this time is often class II-directed and precedes
the development of chronic allograft dysfunction.

V. Non-HLA antibodies (against vimentin,
endothelial cells, MICA/MICB) and clinical
relevance: Marlene L. Rose, PhD, and Elaine F.
Reed, PhD

This section discusses the clinical relevance of antibodies to
major histocompatability class I-related chain A (MICA),
autoantigens (vimentin, cardiac myosin heavy and light
chains, and nuclear antibodies), and endothelial cells.

A detailed study of early AMR in 433 renal transplant
recipients suggests an incidence of 2.3%.27 Although 3 of
10 patients with early AMR may have had antibodies to
donor MICA, the antibodies in 7 of 10 cases of early AMR
were unexplained. Since the introduction of solid-phase
assays at this institution in 2004, 2 cases of early AMR have

occurred in the absence of donor-specific HLA antibodies,
which is an incidence of 2 of 128. In one instance, anti-
endothelial antibodies were detected in the patient by the
XM-One crossmatch technique; in the second, anti-heart
antibodies were detected in the patients by Western blotting.
The XM-One assay uses magnetic beads coated with tie-2
antibodies to separate endothelial precursor cells from do-
nor blood.28 More work is required to understand whether
these assays can be used to diagnose AMR.

MICA and MICB are polymorphic cell surface proteins
expressed by human epithelial cells, endothelial cells, skin-
derived fibroblasts, keratinocytes, and monocytes.29 Two
studies reported an effect of MICA antibodies on cardiac
transplant outcome. One described an association with re-
jection episodes.30 The other reported that although MICA
antibodies were present in 14% before transplantation, these
had no effect on patient survival, rejection episodes, or
CAV.31 The latter report suggested that expression of
MICA on donor organs may determine whether MICA
antibodies are damaging.

There is a growing list of autoantibodies that have been
detected in heart transplant recipients, including antibodies
to cardiac myosin,32 anti-phospholipid antibodies,33 anti-
endothelial antibodies,34 anti-vimentin antibodies,35 and an-
tibodies to K-� tubulin in lung transplant recipients.36 Sig-
nificantly worse 1-year survival of cardiac transplant
recipients has been associated with pretransplant cytotoxic
immunoglobulin (Ig) M non-HLA antibodies.37 PRA reac-
tivity was also found to be strongly associated with long-
term graft loss in kidney transplants from HLA-identical
sibling donors, suggesting non-HLA immunity is associated
with chronic graft loss.38 Unfortunately, the antigenic spec-
ificity of these low-level antibodies is not known.

Experimental studies have shown that although autoan-
tibodies are secondary to the alloimmune response, autoan-
tibodies are highly damaging.36,39–41 Recent data from
Harefield has analyzed the contribution of autoantibodies to
AMR, defined according to ISHLT criteria,21 occurring in
16 patients who received allografts between 2004 and 2009.
The most common antibody found in the serum at the time
of diagnosis was donor-specific HLA antibodies (14 of 16
patients); however, 4 patients had high titres of IgM anti-
vimentin antibody, 8 had IgM or IgG anti-cardiac myosin
antibodies, and 1 had anti-nuclear antibodies. This suggests
that autoantibodies may contribute to AMR.

In conclusion, early rejection caused by non-HLA anti-
bodies is a rare event in the modern era, and the nature of
the antigens is not understood. Better techniques are re-
quired to elucidate and monitor autoantibody responses af-
ter cardiac transplantation.

VI. Does accommodation exist?: Jeffrey L.
Platt, MD

Accommodation refers to the condition in which a graft
remains structurally and functionally intact despite manifest
immunity against it. It was first invoked in the 1980s to
explain how ABO-incompatible kidney transplants might

exhibit stable renal function in recipients with anti-blood
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group antibodies that should have injured their grafts.42,43

The term “accommodation” was first used to explain how
cardiac xenografts might survive in recipients with xenore-
active antibodies in the circulation.44

Applying the original definition of accommodation (nor-
mal graft function in recipients with circulating anti-donor
antibodies) might underestimate the prevalence of accom-
modation. Although normal graft function in the absence of
anti-donor antibodies could reflect immunosuppression, ig-
norance, or tolerance, it could also reflect accommodation in
some cases.

One problem with using circulating anti-donor antibod-
ies as evidence of humoral immunity against a graft is that
those antibodies can be bound in large quantities to func-
tioning organ grafts. Recipients of accommodated xeno-
grafts can have little or no detectable xenoreactive antibody
in the circulation, but production of antibody is easily dem-
onstrated by removing the graft.45 Consistent with this con-
cept, cultured endothelial cells and intact organs can absorb
appreciable amounts of xenoreactive antibody.46,47 Also
consistent with this concept are preliminary observations of
Lynch et al (unpublished data) that all renal allograft recip-
ients have demonstrable B-cell responses to donor HLA
even when the corresponding antibodies are not detectable
in the blood. Thus accommodation might be much more
prevalent than commonly thought.

What can accommodation explain besides normal graft
function despite humoral immunity against a graft? Accom-
modation might explain the genesis of chronic rejection. By
prolonging the period that T cells, antibodies, cytokines,
and other factors can act on the graft and/or by invoking
“protective” pathways that cause injury, accommodation
might allow or facilitate chronic injury.48,49 Accommoda-
tion might explain how cytotoxic T cells, natural killer cells,
complement, and tumor necrosis factor can control or elim-
inate intracellular microorganisms without overly damaging
infected cells and may also explain how tumors evade
control by immunity.

As one explanation for normal graft function despite
humoral immunity against the graft, accommodation surely
exists. Accommodation is not the only explanation, how-
ever. Given the challenges of detecting antibodies that ac-
tually attach to the graft, the condition could be explained
by partial tolerance, such that B cells making antibodies of
the highest affinity are deleted or anergic while other allo-
reactive B cells function. The condition might be explained
by preferential production of antibodies of the IgG2 isotype
that block binding of complement-fixing antibodies.50 Such
a phenomenon was originally ascribed to accommodation
but now is better considered a type of immune regulation.
Absence of graft injury despite humoral immunity against
donor antigen could be explained by modulation of anti-
gen51 or by unusually effective control of complement at the
levels of C4, C3 or C5-9. Conditions modeling accommo-
dation have been associated with control of complement at
C952 and C3-C4.53 Whether heightened control of comple-
ment truly represents a broader biologic response (ie, ac-

commodation), or simply complement regulation, is not yet
clear. Although these other explanations have not been
shown to operate in organs grafted across major histocom-
patibility complex barriers, neither have these mechanisms
been formally excluded.

VII. Should asymptomatic AMR be acknowledged
and treated?: Abdallah G. Kfoury, MD

The current 2005 ISHLT guidelines include the requisite
criterion of allograft dysfunction in the definition of AMR
in heart transplantation.10,21 As such, it is debatably pre-
sumed that cardiac AMR is uniformly symptomatic or that
it cannot be diagnosed in the absence of cardiac dysfunc-
tion. This definition has untowardly sustained the prior
prevailing stance by many in the transplant community to
disregard asymptomatic or sub-clinical AMR. The resulting
lack of routine surveillance for cardiac AMR has also re-
stricted our ability to identify its true incidence and, more
important, to fully appreciate the spectrum of its progression
from latent immunologic and pathologic stages to full clin-
ical expression.

Until recently, only indirect evidence of the probable
association of asymptomatic cardiac AMR with adverse
outcomes existed, as most of the published work failed to
separate it from symptomatic AMR.4,5,9,54 Last year, Wu et
al55 published a study comparing 5-year actuarial survival
and freedom from CAV in 21 heart transplant recipients
with untreated asymptomatic AMR and in 22 patients with
treated AMR and left ventricular dysfunction. A matched
control group of 86 contemporaneous patients without
AMR was used for comparison. Survival was comparable,
but CAV was more likely to develop in patients with
asymptomatic untreated AMR than in the control group, and
these patients even trended to do worse than patients with
treated symptomatic AMR.55 The study by Kfoury et al56

reported cardiovascular mortality among 869 heart trans-
plant recipients grouped as cellular (� 3 episodes of AMR),
antibody-mediated (� 3 episodes of AMR), or mixed cel-
lular and antibody-mediated (� 3 episodes of concurrent
cellular and AMR) rejectors based on their predominant
pattern of rejection type in the first 3 months after trans-
plant. This study, which excluded symptomatic AMR or any
rejection type with hemodynamic compromise, showed sig-
nificantly worse rates of cardiovascular mortality among
asymptomatic antibody-mediated and mixed rejectors com-
pared with cellular rejectors.56 These 2 studies were the first
to directly associate asymptomatic AMR with worse clinical
outcomes in heart transplantation.

The spectrum of cardiac AMR should be perceived as a
clinical-pathologic continuum that starts with a latent hu-
moral response of circulating antibodies alone and pro-
gresses through a silent phase of circulating antibodies with
C4d deposition, without histologic or clinical alterations, to
a sub-clinical stage with circulating antibodies, histologic,
and immunopathologic to symptomatic AMR with clinical
manifestations.23 Acknowledging asymptomatic cardiac
AMR can be accomplished by eliminating the requisite of

allograft dysfunction from diagnostic guidelines. This
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would make cardiac AMR a pathologic diagnosis to which
clinical descriptors can be added, similar to what is done for
acute cellular rejection.

Whether asymptomatic cardiac AMR should be treated
is still unsettled. The evidence base for the related ad-
verse outcomes is growing, but the compelling idea of
intervening therapeutically in the hopes of preventing
them has not yet been tested. The choice of whom to treat
complicates the issue further because it is evident that
some cardiac allografts develop an acquired resistance to
humoral injury and do well long-term without any ther-
apy. Risk-stratifying heart transplant recipients with
asymptomatic AMR based on longitudinal monitoring of
defining parameters, such as the nature and extent of
complement deposition and antibody types and titers,
would allow us to better identify a target population for
prospective testing of various therapies. A large registry
of patients routinely undergoing surveillance for asymp-
tomatic AMR could be helpful in this regard and would
be an ideal initial step.

VIII. The approach to treatment of
AMR—Concepts of therapy and who should be
treated?: Naveen Pereira, MD

It is difficult to recommend evidence-based guidelines for
the treatment of AMR because the criteria for diagnosis
have not been well established and have been used variably
in different clinical series. The diagnostic tests used have
lacked specificity and sensitivity, especially when applied to
the most common and least controversial indication for

Figure 1 Previously proposed algorithm describes a therapeutic
transplant recipients. ATG, anti-thymocyte globulin; DSA, donor-
IVUS, intravascular ultrasound.58 Reprinted from the American J
treatment, acute cardiac allograft dysfunction in the absence
of acute cellular rejection.57 Figure 1 outlines a algorithm
for the treatment of AMR.

The goals of any treatment for this immune-mediated
phenomenon are to improve allograft dysfunction, prevent
development of CAV, a frequent long-term consequence of
this condition, and minimize infection and the risk for ma-
lignancy while improving survival. The treatment of AMR
has traditionally occurred in the period after transplant when
a diagnosis has been established by EMB specimen or by
the presence of graft dysfunction, or both. However, evi-
dence from an animal model shows that occurrence of
chronic sequelae, such as the development of CAV, can be
attenuated by deletion of B lymphocytes by using rituximab
before heart transplantation.58 Whether the prophylactic use
of rituximab in the pre-transplant period will prevent the
development of AMR in human cardiac transplantation re-
mains to be proven. Rituximab and other therapeutic modali-
ties have been used to treat the sensitized heart transplant
recipient who is at a high risk for development of AMR. The
use of current desensitization protocols, although allowing
successful transplantation, may not prevent AMR.59

The improved detection of anti-HLA antibodies has thus
enabled the use of a virtual crossmatch in performing heart
transplantation.60 Conceivably, the use of virtual cross-
match for transplantation in a patient with circulating anti-
HLA antibodies by using a donor without unacceptable
HLA antigens could prevent DSA-mediated AMR. The
development of AMR could also be attenuated by identify-
ing the high-risk patient in the immediate pre-operative or
post-operative period by performing flow cytometry-based
crossmatch, a technique that is more sensitive than comple-

ch to the treatment of antibody-mediated rejection (AMR) in heart
antibodies; IV, intravenous; IVIg, intravenous immune globulin;

of Transplantation with permission from John Wiley and Sons.
approa
specific
ment-dependent lymphocytotoxicity techniques. A positive
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flow cytometry-based crossmatch has been associated with
subsequent development of AMR and reduced survival.61 Pre-
emptive treatment guided by assessing graft function using
echocardiography and for acute rejection by analyzing EMB
specimens in recipients with a positive flow cytometry-based
crossmatch may help attenuate the risk of subsequent devel-
opment of AMR, but this approach remains to be proven.

The treatment of established AMR has been largely empiric
and based on the combination of various therapies, dependent
to a varying degree on the severity of illness at presentation.
Different strategies have been used in various anecdotal re-
ports; hence, accurate comparison of these strategies in effi-
cacy and long-term outcomes cannot be made. The efficacy of
treatment could be assessed by resolution of histologic
changes, improvement of graft function, and potentially, sup-
pression of DSA. The recovery of cardiac allograft function
may be delayed, and resolution of C4d staining may occur
weeks to months after recovery of allograft function.62 Echo-
cardiography and single-antigen bead assays should be performed
along with analysis of periodic biopsy specimens with appropriate
staining after completion of treatment. The use of sensitive tech-
niques to assess for early development of CAV, such as coronary
flow reserve studies and intravascular ultrasound imaging, should
be used especially in heart transplant recipients with asymptom-
atic AMR who can then potentially be targeted for therapy.

IX. Efficacy of specific therapies for AMR:
Plasmapheresis and rituximab: Maria G.
Crespo-Leiro MD

Current strategies for treatment of AMR focus on the modu-
lation of antibody-induced injury, the blockade and elimination
of alloantibodies, the downregulation of alloantibody produc-
tion by plasma cells, and reduction of the levels of both naïve and
memory B cells. New inhibitors of the complement system may
prove to be effective adjuvants in the treatment of AMR.63

Plasma exchange or plasmapheresis has been a commonly
used method to remove circulating alloantibody. It involves the
extracorporeal separation of plasma from cellular blood com-
ponents by centrifugation or membrane filtration, which re-
moves the alloantibody. The reconstituted blood is then in-
fused back into the patient. It is a standard therapy for a
number of autoimmune diseases, including idiopathic throm-
bocytopenic purpura, hemolytic uremic syndrome, Goodpas-
ture syndrome, and Guillain-Barré syndrome.

There are 3 variant techniques of plasmapheresis. The
first is therapeutic plasma exchange, where the plasma-
depleted blood is reconstituted with exogenous fresh-frozen
plasma or albumin solution. The use of heat-treated albumin
for reconstitution ensures zero or minimal risk of viral
transmission and anaphylactic reactions.

The second technique is called double-filtration plas-
mapheresis, where the low-molecular-weight fraction of the
endogenous plasma is obtained by a second physical sepa-
ration process and then reinfused into the patient.

The third technique is immunoadsorption plasmapheresis,
where the second separation is immunochemical and is de-

signed to remove only immunoglobulins. In immunoadsorp-
tion plasmapheresis, the immunoglobulin-binding immunoad-
sorbents are typically porous beads covalently coupled to
polyclonal anti-human IgG antibody or to protein A, a natural
component of Staphylococcus aureus with high affinity for
circulating immune complex and IgG. Each adsorption column
can typically bind 1 to 2 grams of antibody.

Therapeutic plasma exchange and double-filtration plas-
mapheresis are relatively inexpensive, easy to perform, and
readily available, but involve non-selective removal of pro-
teins, which can result in increased risk of bleeding and a
risk of blood-borne infection if fresh-frozen plasma is used.
Immunoadsorption plasmapheresis avoids replacement flu-
ids and the associated risks. However, it is more expensive,
not readily available, and does not remove circulating cy-
tokines, which may play a role in AMR.

Plasmapheresis can be used before and after heart trans-
plant surgery. Plasmapheresis may be performed in highly
sensitized patients on the heart transplant waiting list to
reduce these circulating antibodies, which can increase the
chances of finding a negative crossmatch donor. One draw-
back is that antibody levels rebound shortly after treatment,
which may necessitate adjuvant therapy. Plasmapheresis is
commonly used after heart transplant to treat symptomatic
AMR. A number of plasmapheresis protocols are used that
differ in duration and treatment frequency. Duration of
plasmapheresis ranges from 3 days to 4 weeks and fre-
quency from daily to weekly.11,62,64,65

CD20 protein is borne on the surface membrane of pre-B
lymphocytes and mature B lymphocytes. It regulates the
early steps of cell cycle initiation and differentiation. Ritux-
imab is a chimeric, high-affinity monoclonal anti-CD20
antibody. It binds to CD20, which interferes with the acti-
vation and differentiation of B cells. It has U.S. Food and
Drug Administration approval for treatment of B-cell lym-
phomas and rheumatoid arthritis66,67 but is also widely used
for many other hematologic and autoimmune disorders.68

Rituximab is beginning to be used for desensitization in
highly sensitized patients awaiting heart transplantation. It is
also used for treatment of AMR in lung, kidney, liver, and
heart transplant patients.69 In the case of heart transplantation,
single patients or small series are mainly described. The ritux-
imab dosage used against AMR includes 375 mg/m2/week for
up to 4 weeks.70–72 In the literature, this drug was always used
in combination with other treatments, including steroids, anti-
lymphocyte antibodies, mycophenolate mofetil (MMF), cal-
cineurin inhibitors, plasmapheresis, and intravenous Ig admin-
istration. Unfortunately, this multiplicity of therapeutic agents
has hampered evaluation of the efficacy of rituximab.

X. Efficacy of specific therapies for
AMR—Maintenance immunosuppression,
intravenous immune globulin, and anti-thymocyte
globulin: Andreas Zuckermann, MD, and Stuart D.
Russell, MD

No studies have evaluated the efficacy of any routine im-
munosuppressive regimen in preventing AMR. This is due

partly to the lack of standardization in diagnosing AMR and
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partly to the lack of clinical trials of any drugs to treat this
disorder. In addition, no clinical trials evaluating a single
immunosuppressive regimen or comparing different regi-
mens have directly reported the incidence of AMR. In many
trials, however, “any-treated rejection” has been reported
and that incidence is usually higher than the incidence of
biopsy specimen-proven cellular rejection (ISHLT grade 2R
or 3R). From this information one can hypothesize that the
difference in this incidence may actually be rejection related
to AMR.

The standard immunosuppressive regimen for most
post-transplant patients today includes a calcineurin inhi-
bitor (cyclosporine or tacrolimus), anti-proliferative agent
(MMF, sirolimus, or everolimus), and oral steroids.73 One
trial has evaluated the efficacy of 3 different drug regimens
on outcomes, including the incidence of any-treated rejec-
tion. Kobashigawa et al74 performed a 3-arm randomized
trial of cyclosporine, MMF, and steroids vs tacrolimus,
MMF, and steroids vs tacrolimus, sirolimus, and steroids.
The study comprised 334 patients, and the primary end
point was ISHLT �3A (2R) rejection plus hemodynamic
compromised rejection. There was a strong trend towards a
reduction in the primary end point with either of the tacroli-
mus arms. When any-treated rejection was examined, how-
ever, there was a significant reduction in the incidence of
this rejection with both tacrolimus/sirolimus (35.1%) and
tacrolimus/MMF (42.1%) compared with cyclosporine/
MMF (59.6%; p � 0.001). Of note, although not directly
examined, the rate of any-treated rejection exceeded the rate
of biopsy-proven cellular rejection in the primary end point
by 10% to 20%, depending on the arm, implying that there
was a significant presence of AMR.

Intravenous immune globulin (IVIg) is often used to
reduce the level of antibodies in patients who are sensitized
before transplant. However, IVIg has never been systemat-
ically studied in patients after transplant to prophylactically
reduce the incidence of AMR. Despite being routinely used
for the treatment of AMR, only 1 study has reported the
efficacy of the therapy in this setting.75 Five patients with
evidence of AMR were treated with a combination of IVIg
and plasmapheresis. Hemodynamics initially improved in
all 5 patients, but 2 patients later required further therapy
with rituximab because of recurrent hemodynamic rejec-
tion.

In contrast to IVIg, 5 prospective trials have examined
the efficacy of anti-thymocyte globulin (ATG) used as in-
duction therapy to prevent rejection after transplant.76–80

Each trial had different end points, but all included the
incidence of treated rejection at the end of the year. Renlund
et al76 reported the use of OKT3 vs ATG as induction
therapy in 51 patients. OKT3 resulted in fewer treated
rejection episodes at 6 months and fewer episodes of rejec-
tion requiring additional cytolytic agents. In contrast, Lad-
owski et al,77 in a 3-arm study of ATG vs OKT3 vs anti-
lymphocyte globulin in 34 patients, reported fewer rejection
episodes in the ATG arm. Finally, Macdonald et al78 studied
ATG vs OKT3 and reported no difference in rejection

episodes but noted reduced infections and other morbidity
with ATG.78 Two trials have compared the use of 2 differ-
ent forms of ATG for induction therapy. Schnetzler et al79

in 50 patients and DeSanto et al80 in 40 patients both
reported no difference in the incidence of rejection between
the 2 therapies. The evidence appears to show that ATG
may reduce the incidence of rejection compared with other
induction methods, but it is unclear if ATG reduces the
incidence of AMR. In addition, it is unclear if the additive
immunosuppressive effect of ATG induction decreased re-
jection and/or increased the risk of infections or other com-
plications compared with no induction therapy.

Currently, it is suggested that the incidence of AMR is
reduced with the use of tacrolimus compared to cyclospor-
ine based immunosuppression. Although a number of dif-
ferent induction therapies have been used, no induction
therapy has been shown to be superior to another for pre-
venting AMR. Additionally, although IVIg is routinely used
for the therapy of AMR, there are no randomized trials in
heart transplantation using prophylactic IVIg to reduce the
incidence of AMR.

XI. Efficacy of specific therapies for
AMR—Bortezomib and eculizumab:
Jignesh Patel, MD, PhD

Treatment to reduce circulating antibodies before transplant
has had mixed results. Plasmapheresis, IVIg, rituximab, and
high-dose cyclophosphamide have been demonstrated to
successfully reduce circulating antibodies.81 Many patients
remain refractory to these therapies, however, because these
agents generally deplete or modulate antibodies or affect
B-cell activity without affecting antibody production by
plasma cells. Bortezomib is a 26S proteosome inhibitor that
has proapoptotic effects on plasma cells and has been shown
to decrease antibody production.82 It is approved in the
United States for the treatment of multiple myeloma. Some
early experience in renal transplantation has shown variable
efficacy of bortezomib in the treatment of AMR and desen-
sitization.83–85 We performed a pilot study to determine the
efficacy of desensitization using bortezomib in patients re-
fractory to IVIg, rituximab, and plasmapheresis and to as-
sess its effectiveness in reducing calculated PRA (cPRA)
for patients awaiting heart transplantation. We treated 7
patients with bortezomib awaiting heart transplantation who
had cPRAs � 50%. Mean baseline cPRA was 62%, which
reduced after treatment to a mean level of 35% (p � 0.01).
Six patients exhibited a significant reduction in cPRA. The
remaining patient demonstrated no reduction in cPRA after
treatment. Bortezomib appeared to decrease cPRA in pa-
tients refractory to desensitization with IVIG/rituximab and
plasmapheresis, thus increasing the chances that an accept-
able donor heart would become available for the sensitized
patient awaiting heart transplantation.86

In accommodation, circulating DSA is present without
evidence for graft injury. Complement activation appears to
be important in the pathogenic effects of circulating DSA.53

Therefore, blocking antibody-mediated complement activa-

tion may be effective in preventing AMR. Eculizumab is a
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humanized monoclonal antibody that binds to and subse-
quently prevents activation of complement component C5
by the amplified C3 convertase molecules. This agent may
therefore be effective in preventing AMR. It is approved in
the United States for the treatment of paroxysmal nocturnal
hematuria. In initial studies in renal transplantation by
Stegall et al,87 10 patients with a positive crossmatch un-
derwent desensitization with plasmapheresis and IVIg com-
bined with eculizumab after renal transplantation. High lev-
els of DSA developed in 5 patients, but after 12 months of
follow-up, no AMR had developed.

Despite existing desensitization therapies, many patients
demonstrate elevated levels of antibodies that preclude heart
transplantation. Our data suggest bortezomib may be a use-
ful supplement, but the most optimal desensitization strat-
egy remains undetermined and begs randomized clinical
trials. Eculizumab is a potentially promising agent that may
promote accommodation, although clinical experience is
sparse. Although bortezomib and eculizumab show promise
in lowering antibodies and preventing AMR, respectively,
routine use of these newer drugs for AMR treatment awaits
further studies.

XII. Efficacy of specific therapies for AMR—Total
lymphoid irradiation and photopheresis: Jose
Tallaj, MD

Total lymphoid irradiation (TLI) has been used in transplan-
tation for more than 20 years. The initial reports indicated a
potential benefit from TLI in recurrent rejection,88 but in
subsequent years it has been largely abandoned. This pre-
sentation looked at our center’s large experience in the use
of TLI in the treatment of rejection during the early to
mid-1990s.

Between 1990 and 1996, 73 adults received TLI during
the first 6 months after transplant. The indication for TLI
was recurrent rejection (71%), rejection with hemodynamic
compromise (25%), and rejection with vasculitis (4%). The
treatment consisted of 80 cGy twice weekly for 5 weeks,
and 55 patients received at least 80% of the full dose (� 640
cGy). TLI resulted in a decrease in hazard for rejection
(relative risk, 0.36 in the early stages). The beneficial effect
achieved with TLI was maintained for approximately 4
years after transplantation, until increased rejection, espe-
cially hemodynamic-compromised rejection, and rejection
death, were again observed. No differences were noted in
the rates of infection, CAV, or malignancy, but myelodys-
plasia or acute myelogenous leukemia developed in 7 pa-
tients, 4 of those being the rare but uniformly fatal acute
megakaryocytic leukemia-7. In conclusion, TLI may pro-
vide effective therapy for the reduction of subsequent re-
jection for 36 to 48 months after completion of TLI; how-
ever, there is concern for subsequent occurrence of
myelodysplasia and acute megakaryocytic leukemia-7.
Considering these concerns, the use of TLI for the treatment
of AMR is not recommended.

Photopheresis therapy has gained clinical acceptance as

an effective therapy for recurrent or persistent rejection after
cardiac transplantation. We previously reported that 3
months of photopheresis resulted in a significant decrease in
the risk for rejection and rejection death in patients with
hemodynamic compromise rejection or recurrent rejec-
tion.89 Moreover, photopheresis is well-tolerated, with min-
imal side effects or long-term complications. In contrast to
TLI, there are data indicating that its beneficial effect might
be due to antigen-specific immunomodulation via regula-
tory T-cells. Its use for the treatment of AMR has not yet
been established.

Summary of the breakout sessions from the
consensus conference on AMR

Many clinically relevant issues arose during the consensus
conference. These issues included the diagnosis, classifica-
tion, and management of AMR. The 83 attendees of the
consensus conference participated in smaller breakout ses-
sions to address these topics and attempt to achieve con-
sensus on the approach to the patient with AMR. The
background AMR talks summarized above provided a
framework and support for much of the discussion. A sum-
mary of these consensus points is provided. A separate
pathology breakout session occurred during the morning
lectures, as requested by the pathologists, to further discuss
the pathology definition of AMR. A summary of this session
follows.

Pathology breakout session: Annalisa Angelini,
MD, Gerald Berry, MD, and Margaret Burke, MD

To place into perspective the discussion that occurred in the
pathology breakout session, we present a modified and
updated version of the report of Pathology and Basic Sci-
ence Council presented to the ISHLT Council at the Chi-
cago meeting in April 2010.

In the most recent ISHLT Working Formulation of 2005,
the pathologic diagnosis of AMR included endothelial-cell
swelling and accumulations of intravascular macrophages
with immunophenotypic evidence of immunoglobulin (IgG,
IgM, and/or IgA) and complement deposition (C3d, C4d,
and/or C1q) in capillaries by immunofluorescence (IF) on
frozen sections and/or CD68 staining of intravascular mac-
rophages in capillaries and C4d staining of capillaries by
paraffin immunohistochemistry (IC).21 This profile should
be present in the setting of DSA positivity and graft dys-
function. However, a number of studies since 2005 have
raised the question of asymptomatic AMR,55,56 questioned
the sensitivity and specificity of the histologic features of
AMR,90 shown positive histology in the kidney in the ab-
sence of C4d,19,20 and shown C4d deposition in biopsy
specimens without positive histology or intravascular mac-
rophages.91–93 These findings suggest that a morphologic
and immunophenotypic spectrum of AMR-related changes
may both exist and together with the published literature on
AMR provided the basis for the reexamination of the 2005

criteria during this pathology breakout session. Participation
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of the Northern European pathologists was facilitated by
2-way speakerphone.

Although agreement was reached on some issues, the
group agreed that more detailed debate and investigation
was required on others. Thus, although we made consider-
able progress, we must emphasize that the outcome of our
discussions represent “work-in-progress,” which will be
addressed in the coming months. We are committed to
producing a finished proposal that will be comprehensive
with the goals of promoting patient care, accumulating
necessary data for current and future studies, and enhancing
reproducibility amongst pathologists.

Technical issues
As stated in Section II of this report, the work done in Banff
2009 by Rodriguez has shown acceptable results of IC on
paraffin sections using a currently available polyclonal C4d
antibody. There are no issues with the monoclonal C4d
antibody currently available for IF. Recommended panels of
antibodies and fixatives and/or fixation tissues for IC and IF
will be proposed.

Interpretative issues
A small number of published validation studies have now
demonstrated acceptable levels of equivalency between IF
and IC techniques.94–97 Only staining of interstitial capil-
laries should be interpreted, whereas constituent biopsy
structures, such as venules and arterioles, can be identified
for the purpose of internal controls. External controls for
each antibody should be used with appropriate antibody
validation.

We identified issues with recognition of early histologic
changes of AMR. Additional criteria to identify these will
be sought and evaluated by centers. It will include further
definition of intravascular macrophages in quantity and dis-
tribution, and the clarification of the distinction between
intravascular and interstitial patterns will be further eluci-
dated. We recognized that mixed acute cellular and anti-
body-mediated rejection occurs, but time constraints during
the session limited further discussion.

Descriptive/reporting issues
The distribution and intensity of staining by IF and IC
should be reported. Categories to be considered include
negative, focal, multifocal, and diffuse staining patterns,
and negative, faint, or strong intensity of staining (IC) or
semiquantitative scoring on a scale of 0 to 3� (IF). Each
pattern and grade will be defined and photomicrographic
examples provided. For the purpose of classification as
positive or negative, only 2� and 3� IF staining and mul-
tifocal or diffuse strong staining in IC will be considered as
positive. The significance of patterns such as diffuse and
faint staining by IC will be studied prospectively. Other
pattern combinations may also be subject to additional study
by centers.

Currently, the minimum positive histopathologic find-
ings of AMR are endothelial activation and intravascular

macrophages. Interstitial hemorrhage, capillary fragmenta-
tion, mixed inflammatory infiltrates, endothelial cell pykno-
sis, and/or karyorrhexis and marked edema are recognized
as findings in advanced or severe AMR. The group will
consider these and other possible morphologic criteria.

A template will be constructed for standardized collec-
tion of histopathologic and immunophenotypic data, which
will provide the basis for a pathologic diagnostic AMR
registry to evaluate reproducibility and audit of results.

Tentative pathologic diagnosis
The group agreed that the combination of histopathologic
and immunopathologic findings will be reported as the
“pathological diagnosis of AMR” and will be designated by
pAMR. The group then considered an initial framework for
the diagnosis of subcategories of pAMR. This framework
will be the subject of further discussion and potential mod-
ification before publication or implementation. The prelim-
inary categories for the reporting of pAMR are:

● pAMR 0 � Negative for pathologic AMR; histologic
and immunopathologic studies are both negative.

● pAMR 1 � Suspicious for pathologic AMR; histologic
findings positive, immunopathologic findings negative
(pAMR 1-h), or immunopathologic findings positive,
histologic findings negative (pAMR 1-i).

● pAMR 2 � Positive pathologic AMR; histologic and
immunopathologic findings both are present.

● pAMR 3 � Severe pathologic AMR; interstitial hem-
orrhage, capillary fragmentation, mixed inflammatory
infiltrates, endothelial cell pyknosis, and/or karyorrhexis
and marked edema.

General breakout sessions

The afternoon general breakout sessions included a mix of
pathologists, clinicians, and immunologists divided into 3
groups to maximize discussion and interaction. Clinical
issues of AMR were discussed in these groups, and each
group presented their results in a reconvened meeting of all
the conference participants. Specific AMR issues were
openly discussed in this full session, with several consensus
points being reached.

Summary of the consensus conference on
AMR in heart transplantation

Dr Berry presented the results of the pathologists’ breakout
session held during the morning of the AMR Consensus
Conference, including the tentative schema for pathologic
diagnosis of AMR described in the previous section and
emphasized that further discussion amongst the pathologists
was needed before a formal recommendation for pathologic
diagnosis of AMR to the ISHLT Board of Directors. A
separate pathology report will follow.

The final session, which included all participants, cen-
tered on clinical issues discussed in the afternoon breakout

sessions. One of the most important issues identified cen-
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tered on whether a clinical definition of AMR is needed. In
the past, the use of cardiac dysfunction or the presence of
DSA, or both, have been included as criteria for the diag-
nosis for AMR. However, it became clear from Dr Kfoury’s
talk in the morning session that asymptomatic biopsy-
proven AMR (without cardiac dysfunction) was associated
with subsequently greater incidence of CAV55 and greater
mortality.56 It was also noted that circulating DSA are not
always detected in the serum at the time of AMR diagnosis.
This may be caused by the absorption of the DSA to the
allograft. Alternatively, AMR may be caused by antibodies
to non-HLA antigens. Therefore, the consensus was that the
diagnosis of AMR would be made according to specific
pathologic findings.

Descriptors for immunologic and clinical presentation,
such as DSA and cardiac dysfunction, would assist in diag-
nosis and management. This would be similar to cellular
rejection, which is already established as a pathologic diag-
nosis. In cellular rejection, clinical descriptors, such as re-
current, persistent, or hemodynamic compromise, have been
added to illustrate clinical presentation or clinical severity
and have helped to guide management. These clinical de-
scriptors could also be used for AMR. Although AMR will
be a pathologic diagnosis, it is strongly recommended that at
the time of suspected AMR, blood be drawn at biopsy and
tested for the presence of donor-specific HLA class I and II
antibodies. In the absence of detectable anti-HLA antibod-
ies, the assessment of non-HLA antibodies may be indi-
cated.

Another aspect of AMR discussed at length in the final
session was how to monitor for this form of rejection. For
EMB specimens, the question was when to use immuno-
pathologic (immunoperoxidase or IF) stains. Another issue
was when to assess for the presence of circulating antibody.
Although DSA was no longer believed to be an absolute
requirement for the diagnosis of AMR, it was felt that the
presence of DSA is an important risk factor for AMR and
should be assessed in a routine manner using a combination
of cell-based and solid-phase assays.98–100

After considerable discussion in the final session, the
recommendation for monitoring for AMR included the fol-
lowing: Every EMB specimen should be reviewed for his-
tologic evidence for AMR and immunopathologic staining
for C4d and other markers as agreed should be performed at
2 weeks, and at 1, 3, 6, and 12 months after transplant. The
timing for follow-up immunophenotypic studies after the
diagnosis of AMR was briefly addressed and the recom-
mendation made that IC should be delayed for at least 2
weeks because complement clearing is a protracted event. A
positive result for C4d should trigger routine staining of
subsequent specimens for that patient. The use of solid-
phase and/or cell-based assays to assess for DSA—and
quantification of antibody if present—should be performed
at 2 weeks and at 1, 3, 6, and 12 months after transplant, and
then annually thereafter and when AMR is clinically sus-
pected.

Management of AMR was then discussed. Currently,

there are no unanimously agreed upon treatments for AMR,
especially because newer therapies, such as bortezomib and
the anti-complement antibodies, are currently being studied.
Table 2 illustrates examples of AMR therapies from 6
experienced heart transplant centers. On the basis of current
experience and efficacy, the initial therapies to treat AMR
may include high-dose corticosteroids, plasmapheresis, and
IVIg. Secondary therapies at this time, due to lack of clin-
ical experience, include rituximab, bortezomib, and the anti-
complement antibodies. These recommendations may
change as the newer therapies demonstrate further benefit.

For AMR prevention after heart transplantation, the use
of tacrolimus, MMF, and corticosteroids appeared to be
most effective. Dr Russell’s talk in the morning session
reviewed the randomized clinical trials in heart transplan-
tation. Although not conclusive, the 3-arm trial comparing
tacrolimus/MMF with cyclosporine/MMF with tacrolimus/
sirolimus immunosuppression regimens suggested that ta-
crolimus/MMF had the most advantage to reduce any-
treated rejection (presumably inclusive of AMR) while
exhibiting the least side effect profile.74

Looking toward the future, a discussion of potential
clinical trials pointed to the pursuit of answers to key ques-
tions about AMR. The trials suggested include a random-
ized trial to treat asymptomatic AMR with high-dose cor-
ticosteroids plus IVIg vs IVIg alone vs placebo; a
randomized trial to prevent antibody production with the
use of rituximab or bortezomib immediately after trans-
plant; and a randomized trial with anti-thymocyte �-globu-
lin vs triple-drug therapy for pre-sensitized patients under-
going heart transplant. These future studies are not
exhaustive: many other studies could be pursued to shed
further understanding on the development, treatment, and
prevention of AMR.

The AMR Consensus Conference brought together cli-
nicians, pathologists, and immunologists to further the un-
derstanding of AMR. Progress was made toward a patho-
logic grading scale and consensus was accomplished
regarding specific clinical issues (see consensus statements
below). The understanding of AMR is still ongoing and it is
incumbent among clinicians, pathologists, and immunolo-
gists to work together and continue efforts to clarify its
existence, frequency, and clinical significance.

Consensus statements for AMR

1. A new pathology grading scale as delineated in the
Pathology Breakout Session will be forthcoming. Mean-
while, the pathologic tests to be performed for AMR
should include:
A. Histology

● Evaluate for endothelial “activation” and intravas-
cular macrophages, capillary destruction. Intersti-
tial edema and hemorrhage, neutrophilic infil-
trates, capillary fragmentation, and endothelial cell
pyknosis should be recognized because these find-
ings portend poor clinical outcomes.
B. Immunopathology
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● Immunofluorescence: C3d, C4d, HLA (HLA rec-
ommended to assess endothelial capillary integrity—
not positive/negative);
Optional: Ig, fibrin

● Immunoperoxidase: C4d, CD68
Optional: C3d (pending more experience), vascu-
lar marker (CD34, CD31), CD3, CD20.

2. The diagnosis of AMR will be made according to
pathologic findings described above. When AMR is
clinically suspected, blood should be drawn at biopsy
and tested for the presence of donor-specific HLA
class I and II antibodies. The test results should be
interpreted by the clinician to assist in the diagnosis
and specific management of the AMR episode. In the
absence of detectable anti-HLA antibodies, the assess-
ment of non-HLA antibodies may be indicated. Clin-

Table 2 Treatment Protocols for Antibody-Mediated Rejection

Center Tre

University Hospital (Inselspital) Bern (Switzerland)a 5

Cedars-Sinai Medical Centerb 15

Cleveland Clinicc 32

Columbia Presbyterian Medical Centerd 35

Hospital Universitario A Coruña (Spain)e 13

Medical University of South Carolinaf 3

AMR, antibody-mediated rejection; IV, intravenous; IVIg, intravenou
aPaul Mohacsi, MD; bLawrence Czer, MD; cDavid O. Taylor, MD; dDonn
ical presentation, such as cardiac dysfunction, should
also be interpreted by the clinician to assess severity
of AMR and used to guide management.

3. The recommended frequency for routine monitoring for
AMR includes:
A. Endomyocardial biopsy

● Histologic evaluation of every protocol biopsy for
AMR

● Immunoperoxidase/immunofluorescent staining
for C4d at 2 weeks and 1, 3, 6, 12 months after
transplant and when AMR is clinically sus-
pected

● Interval testing for C4d should AMR be sus-
pected on histologic, serologic, or clinical find-
ings

● Routine C4d staining on subsequent biopsy spec-
imens after a positive result until clearance.

rience from Clinical Centers

MR Patients, N Primary AMR Treatment

Repeated protein A immunoadsorptions
IVIg
Rituximab
MMF

IV Solu-Medrol
Plasmapheresis
Anti-thymocyte globulin, followed by:

IVIg 2.0 g/kg administered on
treatment day 0 and 30
Rituximab 1 g on treatment day 7
and 21

IV Solu-Medrol
Plasmapheresis
IVIg
MMF/Tacrolimus

IV Solu-Medrol
Plasmapheresis (5–6 cycles over 10–14

days)
Cyclophosphamide (0.5–1.0 g/m2)

every 3 weeks for 4–6 months

IV Solu-Medrol (1 g � 3)
Plasmapheresis and/or

immunoadsorption (7-10 sessions)
Anti-thymocyte globulin
IVIg
Rituximab (4 weeks)
MMF

IV Solu-Medrol
Plasmapheresis
IVIg
Cyclophosphamide

ne globulin; MMF, mycophenolate mofetil. Data presented by:
ini, MD; eMaria G. Crespo-Leiro, MD; fAdrian Van Bakel, MD, PhD.
: Expe

ated A

7

0

5

2

2

3

s immu
B. Circulating antibody
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● Use of solid-phase assay and/or cell-based assays
to assess for DSA (and quantification if antibody
present) at 2 weeks and 1, 3, 6, 12 months, and
then annually after transplant and when AMR is
clinically suspected.

4. The initial recommended therapies to treat AMR may
include high-dose corticosteroids, plasmapheresis, and
IVIg. For now, secondary therapies include rituximab,
bortezomib, and anti-complement antibodies.

5. The use of tacrolimus/MMF maintenance immunosup-
pression appears to be most effective in AMR prevention
with the least side effect profile after heart transplanta-
tion.

6. Recommendation for clinical trials should be based on a
final diagnosis of AMR using standardized criteria and
may include:
A. Randomized trial to treat asymptomatic AMR with

high-dose corticosteroids plus IVIg vs IVIg alone vs
placebo

B. Randomized trial to prevent antibody production: use
of rituximab or bortezomib immediately after trans-
plant

C. Randomized trial with Thymoglobulin induction vs
triple-drug immunosuppression therapy for presensi-
tized patients undergoing heart transplant.
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