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f Nomenclature in the Diagnosis of Heart Rejection
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n 1990, an international grading system for cardiac allograft biopsies was adopted by the International Society for
eart Transplantation. This system has served the heart transplant community well, facilitating communication
etween transplant centers, especially with regard to patient management and research. In 2004, under the
irection of the International Society for Heart and Lung Transplantation (ISHLT), a multidisciplinary review of the
ardiac biopsy grading system was undertaken to address challenges and inconsistencies in its use and to address
ecent advances in the knowledge of antibody-mediated rejection. This article summarizes the revised consensus
lassification for cardiac allograft rejection. In brief, the revised (R) categories of cellular rejection are as follows:
rade 0 R—no rejection (no change from 1990); Grade 1 R—mild rejection (1990 Grades 1A, 1B and 2); Grade
R—moderate rejection (1990 Grade 3A); and Grade 3 R—severe rejection (1990 Grades 3B and 4). Because the
istologic sub-types of Quilty A and Quilty B have never been shown to have clinical significance, the “A” and “B”
esignations have been eliminated. Recommendations are also made for the histologic recognition and

mmunohistologic investigation of acute antibody-mediated rejection (AMR) with the expectation that greater
tandardization of the assessment of this controversial entity will clarify its clinical significance. Technical
onsiderations in biopsy processing are also addressed. This consensus revision of the Working Formulation was
pproved by the ISHLT Board of Directors in December 2004. J Heart Lung Transplant 2005;24:1710–20.
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Change is one thing, progress is another.
Change is scientific, progress is ethical.
Change is indubitable, progress is a matter of contro-

versy.
Bertrand Russell
British philosopher
(1872–1970)

t the request of the International Society for Heart and
ung Transplantation (ISHLT), a standardized grading
ystem for the pathologic diagnosis of rejection in
ardiac biopsies was developed in 1990 to address the
roliferation of diverse grading systems that occurred
uring the 1980s. The goal was to develop a uniform
escription and grading scheme for acute cardiac rejec-
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ion, to improve communication between clinicians
nd investigators, to enable comparison of treatment
egimens and outcomes between transplant centers, to
acilitate multicenter clinical trials, and to promote
urther studies to determine the clinical significance of
he various histologic patterns.1 It was also intended to
ave a grading system that was easily learned, readily
sable, reproducible, had defined clinical end-points,
nd could be modified as new information became
vailable. The 1990 ISHLT grading system for cardiac
iopsies was widely adopted and served the heart
ransplant community well for over a decade. However,
everal issues have arisen during this period requiring
e-evaluation of the grading scheme.

First, it has become apparent that there were wide-
pread inconsistencies in the use of the grading system
s highlighted by multicenter therapeutic trials in
hich central pathology panel reviewers have been
sed for confirmation of endomyocardial biopsy diag-
oses.2,3 Major areas of diagnostic difficulty have in-
luded: Grade 1A vs Grade 2; Grade 1B vs Grade 3B;
rade 2 vs Grades 3A or 3B; Quilty B vs Grade 2 or 3A;
nd ischemic injury vs Grades 2 or 3A. Less common
nd less problematic areas of difficulty have included

iopsy site(s) vs Grade 2 or 3A, Quilty B vs post-
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ransplant lymphoproliferative disorder (PTLD) and in-
ection or PTLD vs rejection.

When the 1990 grading system was proposed, the
linical importance of Grade 2 (focal moderate rejec-
ion) histology was unknown and, therefore, a separate
ejection grade was assigned to allow studies to deter-
ine the clinical significance of this histologic pattern.
he proposal was made at that time to meet again and
eview the data regarding the clinical correlations of the
rades and to modify the system as necessary. It should
lso be noted that the 1990 grading system was defined
n biopsies from patients generally receiving triple-drug
herapy (steroids, cyclosporine, azathioprine) for immu-
osuppression. Since that time, immunosuppressive
egimens have changed, the incidence of rejection has
hanged, and it is possible that the histology of rejec-
ion may also have changed.

The advances in the understanding of transplant rejec-
ion and new therapeutic options to prevent and/or treat

igure 1. Myocardial biopsy showing acute cellular rejection with an
nflammatory infiltrate composed of mainly lymphocytes in a perivas-
ular distribution and not extending into interstitium or damaging

able 1. ISHLT Standardized Cardiac Biopsy Grading: Acute Cellular

2004

Grade 0 Ra No rejection

rade 1 R, mild Interstitial and/or perivascular infiltrate
with up to 1 focus of myocyte
damage

rade 2 R, moderate Two or more foci of infiltrate with
associated myocyte damage

rade 3 R, severe Diffuse infiltrate with multifocal myocyte
damage � edema, � hemorrhage �
vasculitis

Where “R” denotes revised grade to avoid confusion with 1990 scheme.
bThe presence or absence of acute antibody-mediated rejection (AMR) may
yocytes. Hematoxylin and Eosin. (H&E) m
ejection have warranted re-examination of the grading
ystem. An attempt was made in 1994–1995 to fine-tune
he 1990 grading system and clarify those areas that had
aused difficulty in interpretation, including Grade 2 acute
ejection.4 This revision drew mixed responses and was
ever officially adopted or published. The grading system
as again discussed at the Sixth Banff Conference on
llograft Pathology in 2001, where a working group
xchanged ideas and experience in using the 1990 grad-
ng system and recommended a review and update of the
rading system, including the need to establish clear
riteria for the pathologic diagnosis of humoral rejection.5

n 2004, again under the direction of the ISHLT, a multi-
isciplinary review of the cardiac biopsy grading system
as undertaken with task forces examining the areas of
istopathology/cellular rejection, humoral (antibody-me-
iated) rejection, clinical issues and future research. In
ddition, comments solicited from the ISHLT membership
t large were taken into account, which mainly concerned

igure 2. Myocyte damage characterized by encroachment of mono-
uclear cells at the perimeter of myocytes resulting in irregular,
calloped borders and distorting the cellular architecture. Several

ctionb

1990

Grade 0 No rejection

ade 1, mild
A—Focal Focal perivascular and/or interstitial

infiltrate without myocyte damage
B—Diffuse Diffuse infiltrate without myocyte damage
ade 2 moderate (focal) One focus of infiltrate with associated

myocyte damage
ade 3, moderate
A—Focal Multifocal infiltrate with myocyte damage
B—Diffuse Diffuse infiltrate with myocyte damage
ade 4, severe Diffuse, polymorphous infiltrate with

extensive myocyte damage � edema,
� hemorrhage � vasculitis

recorded as AMR 0 or AMR 1, as required (see Table 3).
Reje

Gr

Gr

Gr

Gr
yocytes are surrounded by infiltrating cells. (H&E).
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rade 2 cellular rejection and humoral rejection. Consen-
us was reached and presented at the 24th Annual ISHLT
cientific meeting. This study reports the consensus find-
ngs as a revision of the previous Working Formulation,

hich was approved by the ISHLT board in December
004.

ISTOLOGIC DIAGNOSIS AND GRADING OF ACUTE
ARDIAC ALLOGRAFT REJECTION

iopsy-proven acute rejection on surveillance endomyo-
ardial biopsies appears to be decreasing, due at least in
art to improved immunosuppressive therapy.6 In addi-
ion, there has been a shift in clinical response to some
rades of rejection. In the middle to late 1980s, most (but
ot all) transplant centers treated any biopsy with myo-
yte injury (1990 ISHLT Grade 2 and higher) with some
orm of augmented immunosuppression, regardless of the
linical presentation. Several studies in the early to mid-
990s showed that lower grades of rejection resolve
ithout treatment in a majority of cases.7–14 Biopsies with

990 ISHLT Grade 1, Grade 2 and even some sub-sets of
rade 3 rejection progress to high-grade rejection on the

igure 3. Grade 0 R: Normal endomyocardial biopsy showing no
vidence of cellular infiltration. (H&E).

igure 4. Grade 1 R: Low power view of endomyocardial biopsy
howing three focal, perivascular infiltrates without myocyte damage.

reviously Grade 1A (H&E). G
ext biopsy in only 15% to 20% of cases. At the other end
f the spectrum, Grades 3B and 4 are uniformly treated
ggressively. Therefore, the consensus was to modify the
990 ISHLT grading system as shown in Table 1. In brief:

1990 ISHLT Grades 1A, 1B and 2 would be com-
bined into a new, revised 2004 ISHLT Grade 1 R.
1990 ISHLT Grade 3A would become 2004 ISHLT
Grade 2 R; and
1990 ISHLT Grades 3B and 4 would become 2004
ISHLT Grade 3 R.

In addition, the Histopathology Task Force recom-
ended that further characterization of the nature of

he inflammatory infiltrate and definition of myocyte
amage would be helpful in reducing inconsistencies

n the application of the grading system (vide infra).

nflammatory Infiltrate

cute cellular rejection is characterized by an inflam-
atory infiltrate predominantly comprised of lympho-

igure 5. Grade 1 R: Higher power view of focal, perivascular
ononuclear cell infiltrate without myocyte encroachment or damage.

reviously Grade 1A. (H&E).

igure 6. Grade 1 R: Both perivascular and interstitial infiltrates are
resent but without definite evidence of myocyte damage. Previously

rade 1A (H&E).
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ytes, as well as macrophages and occasional eosino-
hils (Figure 1). The presence of neutrophils (except in
he most severe form of rejection) should raise the
uestion of an alternative process, such as healing

schemic injury, antibody-mediated (humoral) rejection
r infection. Plasma cells are also not typically present

n acute cellular rejection and suggest a Quilty lesion,
ealing ischemic injury (often in response to allograft
oronary disease) or a lymphoproliferative disorder
plasmacytoid lymphocytes).

yocyte Damage

amage or injury to the myocardium, originally
ermed “myocyte necrosis,” is an important but some-
imes difficult feature to identify. Although readily
istinguishable, cell death may be a feature of the

igure 7. Grade 1 R: Diffuse mononuclear cell infiltrate with an
nterstitial pattern of lymphocytes between and around myocytes
ithout associated myocyte damage. Previously Grade 1B. (H&E).

igure 8. Grade 1 R: High power view of a mononuclear infiltrate
xtending from a perivascular position into adjacent myocardium with
amage to myocytes and distortion of architecture. This is a single
ocus in the biopsy series and therefore is included in the revised mild

rade of acute rejection, previously described as Grade 2. (H&E). (
ost severe forms of rejection; myocyte damage in
ilder rejection is often characterized by myocytoly-

is and no contraction band or coagulation necrosis.
eatures of myocytolysis include clearing of the
arcoplasm and nuclei, with nuclear enlargement and
ccasionally prominent nucleoli. The presence of
yocyte injury is frequently accompanied by en-

roachment of inflammatory cells at the perimeter of
yocytes, resulting in irregular or scalloped myocyte

orders, their partial or whole replacement, or dis-
ortion of the normal myocardial architecture (Figure
). These features are often better appreciated by the
xamination of multiple levels of sectioning. It
hould also be noted that myocytolysis can be seen in
oth early and late ischemic injury.

igure 9. Grade 2 R: Low power view showing three foci of damaging
ononuclear cell infiltrate with normal myocardium intervening. Pre-

ously Grade 3A. (H&E).

igure 10. Grade 2 R: Higher power view of one focus of figure 9
amaging infiltrate with myocyte damage and architectural distortion

a “space occupying lesion”). (H&E).
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rade 0 R (no acute cellular rejection)

n Grade 0 R there is no evidence of mononuclear
lymphocytes/macrophages) inflammation or myocyte
amage (Figure 3).

rade 1 R (mild, low-grade, acute cellular rejection)

ild or low-grade rejection may manifest in one of two
ays: (1) Perivascular and/or interstitial mononuclear

ells (lymphocytes/histiocytes) are present. In general,
hese cells respect myocyte borders, do not encroach
n adjacent myocytes, and do not distort the normal
rchitecture (Figures 4, 5, 6 and 7). (2) One focus of
ononuclear cells with associated myocyte damage
ay be present (Figures 2 and 8).

igure 11. Grade 3 R: Diffuse damaging infiltrates with encroachment
f myocytes and disruption of normal architecture. This contrasts with
he non-damaging infiltrates of figure 7. Prevously Grade 3B. (H&E).

igure 12. Grade 3 R: Severe acute rejection with widespread
yocyte damage and some necrosis. The diffuse infiltrate includes

olymorphs as well as lymphocytes, macrophages and plasma cells.

reviously Grade 4. (H&E). p
rade 2 R (moderate, intermediate-grade, acute
ellular rejection)

n Grade 2 R two or more foci of mononuclear cells
lymphocytes/macrophages) with associated myocyte
amage are present. Eosinophils may be present. The foci
ay be distributed in one or more than one biopsy

ragment. Intervening areas of uninvolved myocardium
re present between the foci of rejection (Figures 9 and
0). Low-grade (Grade 1R) rejection can be present in
ther biopsy pieces.

rade 3 R (severe, high-grade, acute cellular rejection)

diffuse inflammatory process, either predominantly
ymphocytes and macrophages or a polymorphous in-
ltrate, is present, involving multiple biopsy fragments
Figures 11 and 12). In most cases, the majority of
iopsy fragments are involved, although the intensity of
he infiltrate may vary between pieces. Multiple areas of
ssociated myocyte damage are present. In the most
evere forms of cellular (and humoral) rejection,

igure 13. Peritransplant injury showing a focus of ischemic injury
ith myocytolysis and vacuolization. Note the relative lack of infiltrating

nflammatory cells compared with acute cellular rejection. Macro-

able 2. Nonrejection Biopsy Findings

004 1990

schemic injury Ischemic injury
Early—up to 6 weeks

post-transplant
A � up to 3 weeks post-transplant

Late—related to allograft
coronary disease

B � late ischemia

uilty effect Quilty effect
A � no myocyte encroachment
B � with myocyte encroachment

nfection Infection
ymphoproliferative

disorder
Lymphoproliferative disorder
hages are present. (H&E).
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dema, interstitial hemorrhage and vasculitis may be
resent.

ON-REJECTION BIOPSY FINDINGS
eri-operative Ischemic Injury

arly (peri-operative) ischemic injury arises in the
eri-operative period during the obligatory ischemic
ime that accompanies procurement and implanta-
ion of a donor heart (Table 2).15 Such injury may be
xacerbated by prolonged hypotension due to poor
raft function, hemorrhage during the peri-operative
eriod, and the effects of prolonged high-dose ino-
rope therapy. Ischemic injury is characterized ini-
ially by contraction band necrosis or coagulative
yocyte necrosis, often with myocyte vacuolization

nd fat necrosis, and frequently extends to the endo-
ardial surface. As healing ensues, biopsies may
ontain mixed inflammatory infiltrates, including

igure 14. Low power view of non-encroaching endocardial infiltrate
r Quilty lesion with normal underlying myocardium. (H&E).

igure 15. Higher power view of another area of the same biopsy as
gure 14, showing some superficial encroachment of the endocardial

esion into underlying myocardium. Note the prominent vascularity of
his endocardial infiltrate which can be a very useful feature for
istinguishing tangentially cut infiltrates from foci of acute cellular

ejection. (H&E). e
eutrophils as well as lymphocytes, macrophages and
osinophils, and it is at this point that confusion with
cute rejection may occur. Ischemic injury, espe-
ially in its healing phase, is a common biopsy finding
n the early post-transplant period (up to 6 weeks)
nd must be differentiated from acute rejection. In
cute rejection, the inflammatory infiltrate frequently
s proportionally greater than the degree of myocyte
amage, whereas, in ischemic foci, it is usually the
everse (Figure 13). Peri-transplant injury with neu-
rophils may show overlapping features with anti-
ody-mediated (humoral) rejection (vide infra).

ate Ischemic Injury (related to allograft
oronary disease)

ssessing the arterial changes of allograft coronary
isease in endomyocardial biopsy specimens is usu-

igure 16. A deeper section of the biopsy in figure 15 showing much
reater encroachment into myocardium and less vascularity. (H&E).

igure 17. Endomyocardial biopsy showing a small endocardial
nfiltrate and focus of deeper intramyocardial cellular infiltration which
aises the possibility of acute cellular rejection until deeper sections are

xamined. (H&E).
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lly precluded by the lack of vessels large enough to
ermit such an evaluation. However, the ability to
etect secondary myocardial changes, such as myo-
yte vacuolization and microinfarcts, may be helpful
n determining the etiology of late cardiac failure.16

n addition, the diagnosis of late ischemic injury may
e helpful in determining the etiology of cardiac
ailure in transplant recipients. It may be especially
elpful in ruling out other potentially treatable etiol-
gies that are part of the differential diagnosis, such
s acute rejection or PTLD.

uilty Effect

odular endocardial infiltrates, or Quilty effect, occur
n approximately 10% to 20% of post-transplant endo-

yocardial biopsies.17,18 The infiltrates may be con-
ned to the endocardium (1990 ISHLT Quilty A) or may
xtend into the underlying myocardium where associ-
ted myocyte damage may be present (1990 ISHLT
uilty B) (Figures 14, 15 and 16). The histologic

ub-typing of Quilty A and Quilty B has never been
hown to have any clinical significance and there is
greement that separating Quilty A from B has no
linical value.19 The designations “A” and “B” have
herefore been eliminated and the lesion is referred to
imply as the Quilty effect.

The relationship of Quilty effect to acute rejection,
f any, remains unknown. Traditionally, this lesion
as been considered distinct from acute rejection,
equiring no treatment with intensified immunosup-
ression. Differentiation of Quilty effect from acute
ejection is not usually a problem when the former is
onfined to the endocardium. However, when it
xtends into the underlying myocardium, a tangential
ut through the biopsy may not show a connection
etween the myocardial lesion and the endocardial

esion, making differentiation from acute rejection
ore difficult.20 Cutting additional deeper sections
ay resolve this dilemma in some cases by demon-

trating extension to the endocardium (Figures 17
nd 18). In the absence of an endocardial extension,
he density of the infiltrate, presence of B lympho-
ytes and plasma cells, background fibrosis and prom-
nent vascularity favor a diagnosis of Quilty effect.

able 3. ISHLT Recommendations for Acute Antibody-Mediated Rejec

2004

MR 0 Negative for acute antibody-mediated rejection
No histologic or immunopathologic features of AMR

MR 1 Positive for AMR
Histologic features of AMR
Positive immunofluorescence or immunoperoxidase
staining for AMR (positive CD68, C4d)
mmunohistochemical staining of the infiltrate for B
nd T cells may be helpful in this regard.

nfection and PTLDs

nfection and PTLDs remain important causes of post-
ransplant morbidity and mortality, but are relatively
are in post-transplant cardiac biopsies. Notable among
hese are cytomegalovirus (CMV) and toxoplasmosis,
oth of which may be accompanied by lymphocyte-
redominant infiltrates, which may be misinterpreted
s acute cellular rejection, leading to inappropriate
ugmentation of immunosuppression. More specifi-
ally, targeted immunosuppression and improved pro-
hylaxis protocols, especially for CMV, have decreased
he incidence of some infections. Recognition of the
elationship between immunosuppression and post-
ransplant neoplasms, especially PTLD, has favored less
ggressive immunosuppression protocols. Although in-
ection and PTLD are less controversial than other
ost-transplant biopsy interpretations, they require con-
inued awareness and vigilance.

CUTE ANTIBODY-MEDIATED (HUMORAL) REJECTION

cute humoral rejection is recognized as a clinical
ntity in the grafted heart (Table 3). It remains contro-
ersial, however, with a highly varied incidence be-

igure 18. Deeper section of figure 17 clearly shows extension of the
urface endocardial infiltrate into myocardium confirming the correct
iagnosis of Quilty lesion rather than acute cellular rejection. (H&E).

(AMR)

1990

Humoral rejection (positive immunoflourescence, vasculitis or severe
edema in absence of cellular infiltrate) recorded as additional
required information
tion



t
r
t
I
t
d
f
I
t
t
fi
t
g
a
f
n
d
o
r
t

w
s
p
v
u
t
t
d
i
2
p
c
s
fi
e

e
c
i
i

●

F
e
i

F
i
s
t
i

F
l

The Journal of Heart and Lung Transplantation Stewart et al. 1717
Volume 24, Number 11
ween different centers and no consensus has yet been
eached on its recognition and diagnosis either his-
opathologically or immunologically.21–25 The 2004
SHLT meeting reviewed evidence from the immunopa-
hology and clinical task forces and felt able to suggest
iagnostic criteria in specific circumstances so that
urther assessment of this entity could be encouraged.
n the 1990 Working Formulation, there was an option
o record immunofluorescence studies for those centers
hat sought to pursue these on biopsy specimens in the
rst 6 weeks after transplantation.1 Similarly, in utilizing
he 2004 classification, pathologists can follow the
uidance if they intend to investigate the possibility of
ntibody-mediated rejection as a cause of cardiac dys-
unction. A separate companion study from the Immu-
opathology Task Force is available with a detailed
iscussion of antibody-mediated rejection. A summary
f recommendations is provided here to allow incorpo-
ation, as required, into the revised Working Formula-
ion.

Acute antibody-mediated rejection is associated
ith worse graft survival and is observed in allosen-

itized patients, including those with previous trans-
lantation, transfusion or pregnancy and previous
entricular assist device use. The incidence may be
p to 15% in the first year post-transplantation and
he clinical presentation has no pathognomonic fea-
ures. Pathologically, it can be recognized by myocar-
ial capillary injury with endothelial-cell swelling and

ntravascular macrophage accumulation (Figures 19,
0 and 21). Interstitial edema and hemorrhage can be
resent together with neutrophils in and around
apillaries. Intravascular thrombi and myocyte necro-
is without cellular infiltration can also be identi-
ed.21,22 When these features are seen in the pres-

igure 19. Antibody mediated rejection (AMR 1). Low power view of
ndomyocardial biopsy with scattered cellular infiltrates and interven-
ng normal tissue. (H&E).
nce of unexplained cardiac dysfunction, typically i
arly onset of hemodynamic compromise and myo-
ardial dysfunction, it is proposed that immunostain-
ng can be performed by immunofluorescence or
mmunohistochemistry as follows:

Immunoglobulin (IgG, IgM and/or IgA) plus com-
plement deposition (C3d, C4d and/or C1q) in cap-
illaries by immunofluorescence on frozen sections
(Figures 22 and 23); and/or

igure 20. AMR 1. Higher power view shows that the cellular
nfiltrates are within vessels and include polymorphs. Endothelial cell
welling is present. The increased cellularity seen at low power is due
o the presence of these intravascular cells and not perivascular
nflammation. Compare with figures 1 and 5. (H&E).

igure 21. AMR 1. High power view confirms the intravascular
ocation of the cells which have the appearance of macrophages and

llustrates the endothelial cell swelling. (H&E).
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CD68 staining of macrophages within capillaries
(CD31- or CD34-positive) by immunohistochemistry
(Figure 24); and

 C4 d staining of capillaries by paraffin immunohis-
tochemistry (Figure 25).

It is recommended that patients with hemodynamic
ompromise undergo assessment for circulating anti-
odies.
The consensus meeting recommended that screening

hould not be advocated at this time, but every endo-
yocardial biopsy should undergo critical histologic

valuation for features suggestive of antibody-mediated
ejection. If such features (as just detailed) are not seen,
he biopsy should be designated negative for antibody-
ediated rejection, or AMR 0. If features suggestive of

ntibody-mediated rejection are seen, the diagnosis of
cute antibody-mediated rejection should be confirmed
y immunohistochemistry, either immunofluorescence or

igure 24. AMR 1. Immunoperoxidase staining is strongly positive for

igure 22. AMR 1. Immunofluorescence positivity for IgG clearly
hown in and around capillaries.
D68, confirming the intravascular cells to be macrophages. a
mmunoperoxidase, using antibodies directed against
D68, CD31 and C4d, and a serum should be drawn and

ested f o r donor-specific antibody.26,27 If these markers
re positive, a positive diagnosis for AMR should be
ade (AMR 1). Patients who have several episodes of

ocumented acute antibody-mediated rejection should
e followed on future biopsies with at least one of these

mmunohistochemical methods and monitored for the
roduction of donor-specific antibodies. It is also rec-
gnized that acute cellular and antibody-mediated rejec-
ion can co-exist, but further studies will be required to
elineate these.
This recommended approach to the diagnosis of

cute antibody-mediated rejection—if there is either a
linical indication or a research need—should encour-
ge clinicians, histopathologists and immunologists to
ork together and clarify its existence, frequency and

linical significance.28

igure 23. AMR 1. Immunofluorescence positivity for C4d in capillar-
es with characteristic “doughnut” appearance.

igure 25. AMR 1. Immunoperoxidase staining is strongly positive for
4d in capillaries allowing a diagnosis of AMR to be made in the

ppropriate context. (see text).
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ECHNICAL CONSIDERATIONS

ue to the potential for sampling error in diagnosing
cute rejection, multiple myocardial biopsy samples
hould be obtained from different right ventricle sites
Table 4). Samples should not be divided once procured
n order to obtain the required number of pieces
ecause this practice results in less representative sam-
ling. Although the original ISHLT grading system re-
uired 4 samples of myocardium, the trend has been to
ccept 3 evaluable samples as the absolute minimum
or interpretation. Therefore, a minimum of 3, and
referably 4 (or more), evaluable pieces of myocardium
re now recommended for grading acute cellular rejec-
ion. An evaluable piece of myocardium contains at
east 50% myocardium, excluding previous biopsy site,
car, adipose tissue or blood clot, which may comprise
he remainder of the piece. Hematoxylin and eosin
taining of at least 3 levels through the tissue samples
re recommended. Additional spare slides may be saved
nstained if additional studies are needed. Special stains
re not routinely required and have been eliminated by
any centers as the incidence of rejection has de-

reased. A trichrome stain may be helpful in selected
ases for assessing myocyte damage and fibrosis, such
s in the early post-operative period.

ONCLUSIONS

t is the intention of this consensus group that this
evision of the grading system addresses and clarifies
oncerns that have developed in the 15 years since the
doption of the 1990 grading system. The plan is to
upplement this revision with an educational program
or pathologists and clinicians. As was the case for the
990 grading system, the 2004 grading system will now
e required for all ISHLT-sponsored meetings and pub-

ications.
There has been tremendous advancement in technol-

gy since the 1990 grading system was instituted,
ncluding many molecular techniques. Many of these
dvances have been used successfully in the research
etting to further our knowledge of pathologic pro-
esses. The challenge will be to decide the appropriate
ime and choice of technique(s) to incorporate into
outine clinical practice. For the ISHLT grading system
o remain the standard worldwide, it must remain the
owest common denominator so that every transplant
enter has the technical ability and financial resources

able 4. Technical Considerations

Minimum number of biopsy samples � 3
Number of hematoxylin and eosin slides � 3

Number of levels � 3
Routine special stains required � None
o incorporate any proposed changes. We must make
ure, going forward, that we retain the universality of
he grading system because this has always been a
ajor component of its success. The consensus meet-

ng task forces strongly urge the ISHLT to periodically
eview the grading system as immunosuppressive regi-
ens evolve and as additional clinical and molecular
onitors of cardiac function, coronary vasculopathy

nd immune responsiveness are developed and used in
he management of heart transplant recipients.
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