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To all those who generously donate their organs, to patients on 
the waiting list and to all transplanted patients

And to all the health professionals, too numerous to mention by 
name, who with their hard and dedicated work make 
transplantation possible
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Nearly 50 years have elapsed since Christian Barnard in Cape Town 
 accomplished what was considered a breakthrough in medicine and cardiac 
surgery, namely treatment of terminal congestive cardiac failure with the 
replacement of the whole heart.

Richard Lower and Norman Shumway had previously done fundamental 
experimental work on large animals at Stanford and deserve a great part of the 
merit for this achievement, but the brilliant young surgeon from South Africa had 
the nerve to do it directly with humans. However, at that time, the barrier of 
immunologic tolerance was not yet resolved, and the first transplants were com-
plicated by severe cellular rejection and graft failure. The Stanford team contin-
ued with the experimental work and in the 1980s, with the discovery and clinical 
application of cyclosporine, which could control T-cell immune reaction, cardiac 
transplantation entered into clinical practice worldwide with striking success 
(approximately 95 % hospital survival, 75 % still alive at 10 years follow-up).

Why was heart transplantation the dawn of contemporary cardiovascular 
pathology? For several reasons, well documented in the Treatise of Pathology 
of Cardiac Transplantation by Leone et al.

With transplantation, cardiac pathologists started to play a key role in diag-
nosis and prognosis for live patients, in close collaboration with clinicians. They 
moved from the anatomical to the surgical theater, from the mortuary table to the 
operating table, restoring health. The days were over when the cardiac patholo-
gist only witnessed the natural end of the human body or clinical failure and 
when the meaning and mission of his job was “… mors gaudet succurrere vitae” 
(… death’s joy in helping future lives). He became a guardian of life.

On that memorable night of November 14, 1985, in Padua, Prof. Vincenzo 
Gallucci carried out the first cardiac transplantation in Italy and, for the first 
time, I held in my hands a still beating heart, a specimen from a living patient. 
It was a turning point in my career. A series of successful transplantations 
followed, requiring weekly rejection monitoring through endomyocardial 
biopsy. My mind flies back to the memory of Margaret Billingham, the 
teacher and mentor of generations of cardiovascular pathologists in cardiac 
transplant centers worldwide.

In the arena of cardiac transplantation, the pathologist plays several key roles:

 (a)  Before operation, with diagnostic endomyocardial biopsy, to establish 
cause of morbidity leading to heart failure so severe as to require the 
extreme option of heart replacement.

Foreword
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(b)  During operation, with manipulation and sampling of the cardiac speci-
mens for precise diagnosis and molecular investigation.

(c)  After operation, in the follow-up, with periodic endomyocardial biopsies 
for rejection monitoring and, in case of fatal outcome, with the usual 
necropsy to ascertain causes and mechanisms of failure (early multiorgan 
failure, recurrent acute rejection, infections, lympho-proliferative disor-
ders, late allograft rejection). For all of us it has been a unique training 
experience, from gross anatomy and light or electron microscopy to 
infective or genetic molecular pathology.

Previously unknown diseases were discovered in the “gymnasium” of car-
diac transplantation. For instance, primary restrictive cardiomyopathy with 
severe diastolic ventricular impairment and congestive heart failure, known 
as the “paradox of small heart requiring transplantation”. It was eventually 
discovered to be genetically determined sarcomere disease.

This book has been very well orchestrated and written by a team of inter-
national experts, including pathologists, clinicians, surgeons, and immunolo-
gists. To the best of my knowledge, this is the first comprehensive treatise in 
the field. All the issues regarding the discipline of cardiac transplantation are 
covered: epidemiology of congestive cardiac failure, indication to transplant 
including diagnostic endomyocardial biopsy, donation and graft preservation, 
graft failure, immunology of cellular and humoral rejection, infective and 
neoplastic complications, and chronic rejection as allograft vasculopathy. 
Last but not least, artificial support for a failing heart with ventricular assis-
tance devices as a bridge to transplant or destination therapy.

This book looks wonderful, enriched with beautiful illustrations, a true 
encyclopedia of cardiac transplantation. Let me express my congratulations 
to the Editors, who have been the conductors of a concert of eminent scholars 
in the field.

Pathology and pathologists are back again in the core of cardiovascular 
medicine.

Gaetano Thiene, MD,
Honorary FRCP London, 

Professor of Pathology,  
University of Padua,

Padua,
Italy

Foreword
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Today heart transplantation is an acknowledged therapy for the treatment of 
end-stage heart failure and is still the gold standard procedure for a selected 
group of patients with terminal heart failure: the 5-year survival rate is an 
impressive 71.7 %.

The major limiting factor is donor shortage. In addition, in recent years, 
the heart donor pool has had a more complex profile due to the presence of 
older donors with co-morbidities and the progressive shift from young and 
healthy trauma victims to brain death donors, which may cause adverse hae-
modynamic cardiac events. The decreasing number of donor hearts and the 
growing number of heart failure patients contribute to the substantial mortal-
ity rate in waiting list patients. Over the past two decades, this shortfall has 
exacerbated the need to extend criteria for organ acceptability by considering 
marginal/higher-risk donors, including older donors, as they represent a 
potential immediate increase in the number of suitable hearts.

After the pioneering era of the first heart transplantation in 1967, it became 
clear that this new and complex medical context called for a multidisciplinary 
work-up model where the various specialists involved can work closely 
together in standardizing diagnostic and therapeutic strategies or in research 
and specialist training. There was also work to be done in familiarizing the 
public with the very idea of heart donation.

The cardiovascular pathologist is part of this multidisciplinary team and 
works closely together with clinicians and surgeons and other specialists 
throughout the entire transplant process, thus emerging from the isolation in 
which the pathologists often find themselves.

This book has the backing of the Association for European Cardiovascular 
Pathology (AECVP) (www.aecvp.org), which was founded in 2001 as a devel-
opment of the European School for Cardiovascular Pathology, founded in 1994.

AECVP aims to bring together “those in Europe actively involved in car-
diovascular pathology and provides a platform to serve as a liaison between 
pathologists, cardiologists and surgeons as well as basic science researchers 
in the field of cardiovascular diseases”. Its purpose is to be “instrumental in 
coordinating many aspects of cardiovascular pathology in Europe, such as 
quality control studies in the diagnostic field and in the implementation of 
multicentre studies in the cardiovascular pathology arena” and to “put much 
emphasis on mutual postgraduate education programs”.

The AECVP developed a close liaison with the European Society of 
Pathology and participates as companion society in the annual European 

Preface
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Congress of Pathology meetings. AECVP regularly collaborates with the sis-
ter North American Society for Cardiovascular Pathology (SCVP) and other 
European scientific societies, such as the European Society of Cardiology, 
International Academy of Forensic Medicine and European Association for 
Cardio-Thoracic Surgery.

In 2008, the Association initiated a Cardiac Transplant Working Group to 
highlight the fact that heart transplant pathology lies within the wider disci-
pline of cardiovascular pathology. This led to the development of a European 
Heart Transplant Network (whose membership currently stands at 50), in 
order to create an effective liaison with pathologists working in cardiac trans-
plantation, to compare experience and exchange information on local prac-
tice and organization, as well as to develop educational programmes, 
reproducibility studies and online collaborative projects on cardiac transplant 
pathology. The European Transplant Group also collaborates with the 
International Society for Heart and Lung Transplantation (ISHLT) and its 
Pathology Council, with the Banff Foundation for Allograft Pathology and 
with the European Society for Solid Organ Transplantation (ESOT) and its 
Cardio-Thoracic Section (ECCTA), in order to develop guidelines and multi-
center studies.

The book was conceived with the purpose of focusing on pathology issues 
in cardiac transplantation in a clinical perspective, with emphasis on the value 
of multidisciplinary team-work and collaborative research. Its intention is to 
provide a scientific framework with a comprehensive review of the chrono-
logical phases of the transplant process, up-to-date pathological protocols 
and classification schemes and a step-by-step approach to guide the reader. 
The principal points are the need for constant dialogue between the patholo-
gist and the clinician and the need to build on what we have achieved and to 
continue working together to illuminate the grey areas that remain.

Bologna, Italy Ornella Leone
Padua, Italy Annalisa Angelini
Paris, France Patrick Bruneval
Bologna, Italy Luciano Potena

Preface
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1.1  Background

Heart transplantation is the one procedure pro-
viding the most durable improvement in progno-
sis for the treatment of patients with advanced 
heart failure (Lund et al. 2014). However, this has 
not always been the case.

Surgical techniques for heart transplantation 
were developed in the late 1950s to 1960s from 
animal experiments performed by Norman 
Shumway at Stanford University Medical 
School, CA. In the late 1960s, four surgical 
teams in the United States and South Africa each 
strove to become the first to perform a heart 
transplant in humans and thus write their names 
in history. Christian Barnard won the race in 
1967 using Shumway’s technique and became a 
global celebrity, holding heart transplantation as 
the shiniest trophy in the hall of fame of surgical 
divinity. However, the surgical miracle soon 
turned sour with most patients dying from rejec-
tion or infection, with a 1-year survival not 
exceeding 35 % (John et al. 2001). The picture 
started to change when therapeutic and diagnos-
tic advances enabled effective targeting of cel-
lular rejection. The major improvement in 
therapy was driven by the introduction of calci-
neurin inhibitors––cyclosporine in the mid-
1980s, and later, tacrolimus––which reduced the 
incidence of rejection and improved survival up 
to 85 % at year 1 (John et al. 2001). The major 
advance in diagnosis was achieved by Caves and 
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colleagues in Stanford who, in the 1970s, used a 
specially modified percutaneous transvenous 
catheter to obtain endomyocardial biopsies 
(EMBs) in which the myocardial infiltrates of 
rejection were identified (Caves et al. 1974). 
This prompted an important development of car-
diovascular pathology not only in the micro-
scopic description of allograft rejection, but also 
for myocarditis, cardiomyopathies, and other 
myocardial disorders (Leone et al. 2012). Thus 
was born a close collaboration between clini-
cians and pathologists, which was unusual in the 
cardiovascular setting. In those early times, the 
surface electrocardiogram was the “cornerstone” 
for rejection diagnosis, with more complex 
imaging techniques still at an early stage of 
development and cardiac biomarkers still 
unknown to cardiovascular clinical practice.

Forty years later, heart transplantation is no 
longer just an exercise of high-level surgery, but a 
complex therapeutic strategy involving specific 
knowledge and skills from several healthcare 
professionals, including surgeons, cardiologists, 
anesthesiologists, immunologists, infectious dis-
eases specialists, psychologists, nurses, and 
pathologists. This active and complex profes-
sional collaboration, focused on patients’ needs, 
represents a high-quality networking model for 
patient management that can be regarded as a 
marker of quality of global healthcare organiza-
tion in a transplant hospital. The results of this 
model are depicted in Fig. 1.1, showing a pro-

gressive and steadily improvement in the overall 
survival of heart transplant recipients from the 
1980s until today.

An important tool providing insights on 
improvements and unmet needs in heart trans-
plantation is the registry of the International 
Society for Heart Transplantation, established in 
1981 by a small group of clinicians to facilitate 
data collection on heart transplant recipients, 
with the publication of annual reports. From this 
small beginning evolved the International Society 
for Heart and Lung Transplantation (ISHLT) 
(www.ishlt.org)––a multidisciplinary, profes-
sional organization dedicated to improving the 
care of patients with advanced heart or lung dis-
ease through transplantation, mechanical sup-
port, and innovative therapies via research, 
education, and advocacy. Today, it has a global 
reach, representing over 14 different disciplines 
involved in the management and treatment of 
end-state heart and lung disease.

The latest registry report from ISHLT covers 
the years 1982 to June 2013 and was compiled 
from data on 116,104 heart transplants in recipi-
ents of all ages reported from 416 transplant cen-
ters in 34 countries worldwide. This is estimated 
to reflect about 66 % of global transplant activity 
with an 81 % survival at 1 year and 69 % survival 
at 5 years. A median survival of 11 years was 
given for all heart transplants, increasing to 14 
years for those surviving the first year after trans-
plantation (Fig. 1.1) (Lund et al. 2014).

Good though the results are, all that glitters is 
not gold. Several unmet needs currently limit fur-
ther improvements in outcome. Late graft failure 
and malignancies are the most frequent causes of 
death after the first post-transplant year, and their 
incidence has only slightly reduced over the last 
four decades (Fig. 1.2). In addition, the fine- 
tuning of the perioperative management that 
allowed major survival improvements in the 
1990s and early 2000s seems no longer adequate 
to support optimal results in the current era of 
recipients, often with multiple morbidities, fre-
quently receiving grafts from suboptimal donors. 
In this setting, primary graft failure is still a 
threat, being responsible for up to 70 % of early 
deaths (Kobashigawa et al. 2014).

Fig. 1.1 Actuarial survival in heart transplantation by era. 
January 1982–June 2012 (Lund et al. 2014)

M. Burke and L. Potena

http://www.ishlt.org/


5

1.2  Prior to Cardiac 
Transplantation

The journey toward a successful long-term out-
come after heart transplantation begins with selec-
tion and management of suitable candidates. This 
is not only a matter of appropriate therapy by drug 
fine-tuning and device implantation––although 
heart failure drugs, implantable defibrillators, 
biventricular pacing, and ventricular assist devices 
have revolutionized heart failure outcomes in the 
last 20 years––but also a matter of appropriate 
diagnosis. The first part of this book provides an 
overview of the clinical management of heart fail-
ure, including the findings pathologists may 
encounter in biopsies and explanted native hearts 
from these patients. While standard cardiovascular 
imaging allows a diagnosis in the majority of 
patients needing heart transplantation, specific 
myocardial and inflammatory diseases require a 
pathological diagnosis. In these cases, the patho-
logical diagnosis contributes to decision-making 
about heart transplantation as the preferred treat-
ment (e.g. a myocardial infiltrative/storage dis-
ease). Of note, the pathologist’s job in the 
diagnostic workup often needs to be completed 
after the transplant, when up to 30 % of clinical 
diagnoses of nonischemic cardiomyopathy may be 
proved wrong after pathological examination of 
the explanted heart (Luk et al. 2009).

1.3  Heart Donation and 
Peritransplant Pathologies

The choice of the appropriate donor is a crucial 
step in the process of any solid organ transplan-
tation. In heart transplantation, this is even 
more important, given the falling donation rates 
in many countries worldwide, the high mortal-
ity rate associated with primary graft failure, 
and the difficulty in reliably assessing heart dis-
ease in donors. According to data from the 
Council of Europe, 70–85 % of hearts from 
multiorgan donors are currently rejected for 
transplantation (http://www.esot.org/news/latest- 
news/council- europes- newsletter-transplant-
2014-now-available). In most cases, the unsuit-
ability is the result of multiple risk factors 
affecting the donor, such as a high-risk profile 
for cardiovascular disease, a high donor age, an 
abnormal electrocardiogram and risk factors 
related to donor management such as use of ino-
tropes in high doses, reduced ejection fraction, 
low sodium  levels and hemodynamic instability. 
Pathological analysis of unused hearts provides 
important information to help our understanding 
of the mechanisms and extent of injury influenc-
ing organ suitability for transplantation.

Donor-related abnormalities may also be 
found in organs failing immediately after surgery 
(Kobashigawa et al. 2014), as well as injuries 
related to graft harvesting and transportation, and 
immediate immune-related injuries. Recognition 
of these aspects, as discussed in Part II of this 
book, is critical in the diagnostic workout of pri-
mary graft failure.

1.4  The Multiple Faces of Rejection

Following pivotal reports in the 1970s, the 
 endomyocardial biopsy (EMB) became and 
has remained to this day the “gold standard” in the 
diagnosis and management of acute cardiac 
allograft rejection. Recently, its role has evolved 
in response to advances in the fields of immunol-
ogy and molecular pathology which continue 
to increase our understanding of the rejection 
process and contribute to our current  understanding 

Fig. 1.2 Relative incidence of leading causes of death, 
January 1994–June 2013 (Lund et al. 2014). https://www.
elsevier.com/journal-authors/obtaining-permission- 
to-re-use-elsevier-materia
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of heart allograft rejection, not as a single patho-
logical and clinical entity, but as a complex 
immune-mediated spectrum of changes that can 
lead to graft injury by several pathological mecha-
nisms, so that often different patterns of rejection 
may coexist in the one biopsy. This important 
subject is dealt with in Part III of the book

1.4.1  Acute Cellular Rejection

In Caves et al.’s landmark publication their 
pathologist, Margaret Billingham, described the 
pathological features of acute cellular rejection 
(ACR) as a myocardial infiltrate of lymphocytes 
and devised a 4-point grading system based on its 
extent and intensity (Caves et al. 1974).

During the 1980s, more centers developed car-
diac transplant programs, some using the Stanford 
biopsy rejection grading scheme. However, some 
centers devised their own grading schemes, and it 
became clear that an internationally standardized 
grading system was needed for multicenter clini-
cal trials and for publication purposes to enable 
proper comparison of different centers’ results 
(Billingham 1990). Thus, in 1990, the first inter-
nationally agreed Working Formulation for the 
pathological diagnosis of cardiac rejection, spon-
sored by ISHLT, was published (Billingham et al. 
1990). It was based on the Stanford scheme with 
some modifications, and, for the first time, set 
standards for biopsy handling in the laboratory, 
and listed pathological changes in the biopsy not 
to be confused with rejection.

During the 1990s, the Working Formulation 
became the worldwide standard for diagnosis and 
management of ACR. Improved immunosup-
pression and treatment of acute rejection epi-
sodes resulted in a fall in the incidence of 
significant ACR (≥ grade 3A) to the extent that 
the frequency of routine biopsies could be safely 
reduced. Re-evaluation of the 1990 Working 
Formulation led to some streamlining and updat-
ing. The revision was published by ISHLT in 
2005 (Stewart et al. 2005) and is the grading sys-
tem for ACR in use today, although some centers 
still prefer to use it alongside the 1990 Working 
Formulation.

1.4.2  Antibody-Mediated Rejection

The clinical observation of acute and chronic 
graft failure in the absence of biopsy-defined 
rejection, and parallel developments in immunol-
ogy and immunopathology in the 1990s and 
2000s, led to the recognition of antibody- 
mediated rejection (AMR) as a clinical, immuno-
logical and pathological entity, often coexisting 
with ACR. As its name suggests, AMR affects the 
graft by deposition of donorspecific antibodies 
(DSAs) with and without complement activation 
on capillary endothelium which becomes acti-
vated. Its clinical manifestations range from 
acute and severe allograft dysfunction to more 
indolent subclinical forms which may progress to 
cardiac allograft vasculopathy (CAV) (chronic 
rejection). Attaining a reliable, reproducible 
diagnosis continues to challenge clinicians, 
pathologists, and immunologists.

The morphological feature of endothelial acti-
vation in the early stages of AMR is “subtle,” and it 
is likely that instances of AMR were overlooked, 
especially if ACR was present. The endothelial 
deposits of DSA and complement were initially 
detected in 1989 using immunofluorescence (IF) 
on frozen sections of myocardium, but this proce-
dure was not easily reproducible or widely avail-
able at the time. The emergence of two further key 
diagnostic features identified in the 1990s––intra-
vascular macrophages and capillary deposition of 
complement degradation product C4d––and the 
development in the 2000s of reliable paraffin tissue 
markers of complement C4d with sensitivity and 
specificity comparable to IF marked a significant 
advance in pathological diagnosis. A pathological 
grading system was proposed as part of the 2005 
ISHLT Working Formulation (Stewart et al. 2005). 
Serological evidence of DSAs and the presence of 
allograft dysfunction were required to confirm the 
diagnosis.

Correlation of serology and the clinical find-
ings with the EMB findings has revealed several 
diagnostic challenges, and it is a current unmet 
need in the optimization of the management of 
heart transplant recipients. Since 2005, we know 
that not everyone with biopsy-diagnosed AMR 
has circulating DSAs, and that C4d-negative 
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DSA-positive AMR and C4d-positive DSA- 
negative AMR may occur. Asymptomatic AMR 
has also been reported in association with a 
reduction in freedom from later CAV (Loupy et 
al. 2016). However, whether pathological evi-
dence of AMR (pAMR) in the absence of circu-
lating DSA, or vice versa, is sufficient to initiate 
treatment is debated. Such dilemmas require 
close collaboration between clinician, patholo-
gist, and immunologist to put the pathological 
and serological findings into the appropriate 
clinical context, and thus avoid overdiagnosis 
and, perhaps, overtreatment. In this setting, it 
should be noted that while a Working 
Formulation for pathological diagnosis of AMR 
(the pAMR system) was endorsed by an interna-
tional ISHLT-sponsored Task Force in 2013, 
(Berry et al. 2013)––which also cross-validated 
its reproducibility––standardization of DSA 
intensity assays and their interpretation is still 
awaited.

1.4.3  The Biopsy and Noninvasive 
Markers of Acute Rejection

For many years, the search has been on for sensi-
tive and specific noninvasive markers of rejection 
to equal, if not surpass the EMB as the “gold 
standard” for diagnosis of allograft rejection. 
Recent understanding of the molecular basis for 
the inflammatory response has led to trials of 
molecular profiling of peripheral blood using a 
panel of genetic markers of inflammation and 
gene expression profiling (Deng et al. 2006; 
Mehra et al. 2008). However, it has yet to find its 
rightful place in the management of allograft 
recipients. The topic is discussed further in Part 
III of this book.

1.4.4  Chronic Rejection

Despite improvements in recipient management 
in the postoperative period and in reducing the 
incidence and severity of acute rejection over the 
last 40 years, the barriers to long-term survival 
remain cardiac allograft vasculopathy (CAV), 

primary graft failure, malignancy, and renal fail-
ure (Fig. 1.2).

The progressive, diffuse disease of CAV 
affects the entire coronary vascular tree and even-
tually leads to allograft ischemia. CAV involving 
the larger epicardial coronary arteries often exists 
alongside atheromatous plaques inadvertently 
“donated” as part of the allograft. There are a 
variety of imaging methods used to diagnose and 
assess the severity of CAV and correlation, where 
possible, with the pathology in the explanted or 
autopsied heart is often helpful in assessing the 
relative merits of the different imaging tech-
niques. These have been reviewed and an interna-
tional Working Formulation established to grade 
the extent and severity of epicardial CAV (Mehra 
et al. 2010). The heterogeneity of the clinical 
lesions is matched by heterogeneity of the patho-
logical changes in CAV. However, it might be 
possible to identify the culprit lesion leading to 
the death or retransplantation of the recipient 
(Castellani et al. 2014; Vecchiati et al. 2014).

A current challenge to the pathologist is biopsy 
diagnosis of the other face of CAV––allograft 
microvasculopathy. Involvement of the microvas-
culature of the myocardium by chronic rejection 
may cause “late” primary graft failure and death, 
the process starting as early as 1 year after trans-
plantation. It leads to diffuse myocardial ischemia 
through pruning of the microvascular tree by an 
increase in vessel wall thickness and a reduction 
in the number of capillaries. A number of studies 
have detailed the pathology (Hiemann et al. 2007) 
and correlated it with the coronary flow reserve 
(Vecchiati et al. 2014). The pathologist should 
carefully examine the interstitial vessels in EMBs 
for evidence of stenotic and inflammatory endo-
thelial and medial disease, and, in the event of 
retransplantation or death, map the process in the 
allograft. Unlike acute rejection, universally 
accepted diagnostic criteria have yet to be agreed.

1.5  Nonrejection Pathology

The role of the pathologist in cardiac transplanta-
tion is wide, extending well beyond the identifi-
cation of rejection and of the underlying heart 
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disease as discussed above. Noncardiac 
complications, such as infections, tumors, lym-
phoproliferative disorders, and drug-related 
pathologies, especially nephrotoxicity, are com-
monly encountered, and their diagnosis may need 
involvement of pathologists expert in these areas. 
These may also necessitate consultation with 
other pathology specialties such as the microbiol-
ogy or hematopathology service.

1.6  Scope of the Pathology 
Service

The challenge of “supply and demand” always 
tests the pathologist and laboratory manager who 
must ensure provision of a service for a broad 
range of clinical specialties. There is often little 
appreciation, especially among younger mem-
bers of the clinical multiprofessional team, that 
pathology is not machine-driven with quick test 
turnaround times but a “hands-on” service where 
the mutual interdependency of pathologist and 
biomedical scientist must be effective if a respon-
sive service tailored to the requirements of the 
Transplant Unit is to be provided. Regular liaison 
with clinical staff about the practicalities of pro-
viding this service is advised, especially at times 
of new clinical staff intake.

The service should include routine diagnostic 
histopathology, a rapid turnaround and on-call 
biopsy service, and access to specialist areas such 
as immunopathology, molecular pathology, and 
electron microscopy. Ideally, there should be 
access to a networked digital communication 
system to facilitate remote reporting, clinical 
conferencing, case consultation, teaching, and 
audit. This is especially helpful if the pathology 
service is provided remotely from the clinical 
service. Facilities for macrophotography and 
microphotography should be available. Adequate 
transport services both within and between hos-
pitals are essential as is good communication 
between the requesting clinical team and the 
laboratory.

The role of the autopsy is not to be underesti-
mated in investigating the deaths of recipients at 
any stage after transplantation. Reviewing the 

clinical course of our recipients from the per-
spective of the autopsy findings is important, 
even if only to confirm that there were no unex-
pected pathologies that escaped detection. 
However, the autopsy is also an important teach-
ing, research, and audit tool for pathologists and 
clinicians alike, and if approached constructively 
can do much to “draw the line” under the case. It 
can reassure the family and the transplant team 
that all possible was done to help the recipient 
benefit from the second chance at life through 
the altruism of another bereaved family seeking 
a worthwhile legacy in memory of their loved 
one.

The participation of the pathologist in collab-
orative transplant research projects both within 
the institution and as multicenter projects often 
yield results which progress our understanding of 
the myriad of issues surrounding cardiac trans-
plantation. The use of human tissues for ethically 
approved research must conform to national and, 
increasingly, international legislative require-
ments as well as institutional rules governing 
recipients’/families’ consent, research, and man-
agement of tissue archives. Tissue banking is 
becoming more widely used to store cryopre-
served and formalin-fixed tissue samples, and 
will ensure provision of suitable research mate-
rial for future ethically approved projects.

1.7  Ensuring High Standards 
of Practice in Pathology

Laboratories who provide a service for Transplant 
Units must have achieved national accreditation 
standards specific to each country and compara-
ble to international standards. Working to proto-
col is important in achieving this and includes 
using technical protocols for EMB processing 
based on international guidelines in the Working 
Formulations as well as the access to the formu-
lations themselves for pathologists who report 
transplant biopsies.

Likewise, pathologists reporting transplant 
specimens must ensure up-to-date knowledge 
and experience and should subject themselves to 
audit and reproducibility testing by their 
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peers––as indeed for any subspecialty of our dis-
cipline. Relative to other subspecialties in pathol-
ogy, cardiac transplant pathology is very small––a 
“niche” specialty––with rarely more than one 
cardiac pathologist in each major center. In addi-
tion, very few pathologists are members of 
ISHLT; therefore, networking to draw in general 
pathologists who report small numbers of cardiac 
biopsies as part of a large general workload is 
very important. Using digital platforms to gener-
ate educational tools is part of this process. A 
new initiative by the Society for Cardiovascular 
Pathology and the Association for European 
Cardiovascular Pathology (AECVP) is the pro-
duction of two online tutorials, one on ACR and 
the other on AMR. They have the potential to 
benefit all members of the transplant clinical 
team and not just pathologists, and their use is to 
be encouraged. They and other resources are 
listed in Table 1.1.

Falling numbers of donor organs and optimi-
zation of medical resources in many countries 
has led inevitably to a reduction in the number of 
transplant centers; therefore, local networks in 
each country and membership of international 
networks such as the AECVP Transplant Network 
can facilitate individual secondments to estab-

lished centers by pathologists new to the field to 
gain experience. Networks may also facilitate 
reproducibility studies to ensure consistency of 
laboratory methodology and biopsy interpreta-
tion of the features of both forms of acute rejec-
tion. Recent developments in digital technology 
are suited for such studies as well as for collab-
orative research and consultation on challenging 
cases, all of which can now take place at interna-
tional level from one’s desktop in the workplace. 
This was exemplified during the 4-year evolution 
of the Working Formulation for pathological 
diagnosis of AMR, during which international 
multicenter questionnaires and reproducibility 
and validation studies by the AECVP Transplant 
Network and ISHLT Task Force charged with 
drawing up the Working Formulation contributed 
significantly to ironing out problems of method-
ology and interpretation of biopsies with AMR 
(Berry et al. 2013).

 Conclusion

This book has been conceived to offer the 
reader a comprehensive review of the major 
pathologies encountered in heart transplant 
programs, viewed through the framework of 
the clinical problems faced during surgical 

Table 1.1 Some useful resources for cardiac transplant pathologists

International transplant 
societies Link Main features

International Society for 
Heart and Lung 
Transplantation

http://www.ishlt.org/ Established in 1981. Annual scientific meetings, international 
registry for heart and lung transplants, and mechanical assist 
devices. Pathology representation via Pathology Council. 
Publishes Journal of Heart and Lung Transplantation. Impact 
factor 7.509 (2015)

European Cardiothoracic 
Transplant Association

http://www.esot.org/
ECTTA/home

New section of the European Society for Organ 
Transplantation. Held its first meeting in Budapest in October 
2014.

Banff Foundation for 
Allograft Pathology

http://www.
banfffoundation.org/

Established in 1990, meets biennially. Collaborative 
multidisciplinary translational research in allograft pathology. 
Small heart transplantation working group.

Association for European 
Cardiovascular 
Pathologists

http://www.aecvp.org
http://www.aecvp.org/
index.php/
aecvp-working-group

A cardiac transplant steering committee and network was 
established in 2008. It leads a Europe- wide network of 
pathologists involved in transplant pathology.

Society for 
Cardiovascular Pathology

http://www.scvp.net/
acr/index.html
http://www.scvp.net/
amr/index.html

Links to tutorials on acute cellular rejection and antibody-
mediated rejection. Publishes Cardiovascular Pathology. 
Impact factor 2.190 (2015).
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and medical management of heart recipients. 
The aim of the authors is to underscore the 
importance of a continuous dialog between 
the pathologist and the clinician in order to put 
the pathological findings in the context of the 
clinical presentation, and thus gain as much 
information as possible from the description 
in the pathology report. This book, however, 
will not only provide the sound basis to chap-
erone the reader across the few certainties in 
heart transplant management, but also the 
shadows of the many unmet needs and uncer-
tainties masking the path through this fasci-
nating field of clinical practice.
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2.1  Definition and Epidemiology

Advanced heart failure (HF) concerns less than 
10 % of the total heart failure population and is a 
malignant condition with very high mortality, sim-
ilar to that of aggressive human cancers (Maisel 
and Filippatos 2014; Adams and Zannad 1998; 
Metra et al. 2007; Zannad et al. 2006; Kittleson 
et al. 2003; Nieminen et al. 2005; Swedberg et al. 
2005), with annual mortality exceeding 50 % of 
patients. A high rate of hospital admissions (more 
than two per year) due to congestion and/or periph-
eral hypoperfusion is also compatible with this 
advanced stage. This condition that concerns stage 
D of heart failure (AHA/ACC classification) could 
be defined as the syndrome with persistence of 
signs and symptoms of heart failure despite opti-
mal medical and device (CRT or CRT/D) therapy 
(Maisel and Filippatos 2014; Adams and Zannad 
1998). A definition of advanced end-stage HF is 
summarized in Table 2.1. The clinical features of 
advanced end-stage HF are described in Table 2.2, 
and useful prognostic factors in Table 2.3 (Maisel 
and Filippatos 2014; Adams and Zannad 1998; 
Metra et al. 2007; Zannad et al. 2006).

2.2  Management

Various therapeutic strategies recommended for 
the optimal management of advanced end-stage 
HF patients are summarized in Table 2.4 
(Swedberg et al. 2005; Hunt et al. 2005).
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2.2.1  Medical Treatment

Diuretics are essential for amelioration of dys-
pnea symptoms in chronic HF patients with 
advanced disease. In congested patients, intrave-
nous as opposed to oral administration may lead 

to greater clinical improvement, however at the 
expense of more severe renal deterioration. It 
should be emphasized that although diuretic ther-
apy may be essential to relieve symptoms and to 
treat acute congestion, it has no proven survival 
benefit. On the other hand, high doses of diuretics 
are constantly linked to impaired survival of HF 
patients, albeit there is uncertainty as to whether 
the use of diuretics has a direct effect on disease 
progression, or it is just a marker of HF 

Table 2.1 Definition and characteristics of advanced 
heart failure

1.  Severe symptoms of HF with dyspnea and/or 
fatigue at rest or with minimal exertion (NYHA 
functional class III or IV)

2.  Episodes of fluid retention (pulmonary and/or systemic 
congestion, peripheral edema), and/or of reduced 
cardiac output at rest (peripheral hypoperfusion)

3.  Objective evidence of severe cardiac dysfunction, 
shown by at least one of the following:

  (a) Low LVEF (<30 %)

  (b)  Severe abnormality of cardiac function on 
Doppler-echocardiography with a pseudonormal 
or restrictive pattern of mitral inflow

  (c)  High LV filling pressures (mean 
PCWP > 16 mmHg, and/or mean RAP > 12 mmHg 
by pulmonary artery catheterization)

  (d)  High brain natriuretic peptide (BNP) or 
N-terminal (NT)-ProBNP plasma levels in the 
absence of noncardiac causes

4.  Severe impairment of functional capacity shown by 
one of the following:

  (a) Inability to exercise

  (b)  6-minute walk test <300 m or less in females 
and/or patients aged ≥75 years

  (c) Peak VO2 <12 or 14 mL/kg/min

5.  History of ≥1 HF hospitalization in the past 6 months

NYHA New York Heart Association, LVEF left ventricle 
ejection fraction, PCWP pulmonary capillary wedge pres-
sure, RAP right atrial press

Table 2.2 Clinical features of advanced end-stage heart 
failure

Symptoms Signs

Frequent paroxysmal 
nocturnal dyspnea

Resting tachycardia

Severe orthopnea Hypotension

Poor appetite Resting tachypnea

Weight loss with edema Cachectic status

Frequent palpitations Anasarca, ascites

Frequent dizziness Somnolence

Nocturnal angina Right ventricular lift

Abdominal bloating Marked neck vein 
distension, loud S3 gallop

Table 2.3 Prognostic factors in advanced end-stage heart 
failure

Demographic/clinical

Advanced age

Male gender

Frequent rehospitalizations

Advanced NYHA class

Intolerance to neurohormonal antagonists

Persistent/relapsing signs of pulmonary or peripheral 
congestion

Hypotension

Comorbidities (diabetes, renal failure, hepatic failure, 
anemia, COPD, etc.)

Electrocardiography/laboratory

Resting tachycardia

Wide QRS complex

Hyponatremia

Renal insufficiency

Anemia

Hepatic insufficiency

Neurohormones (norepinephrine, endothelin)

Natriuretic peptides

Cardiac myocyte necrosis markers (troponins)

Inflammatory markers (CRP)

Echo and hemodynamic parameters

Low LV EF/increased LV ESVI

Decreased LV long-axis systolic shortening

Mitral regurgitation/increased left atrial volume

Signs of increased LV filling pressure

Low RV EF

Increased pulmonary vascular resistance/functional 
capacity

Inability to perform an exercise test

Low peak VO2 (ml/kg/min, percentage of predicted 
age, gender, body weight adjusted values)

Increased ventilatory response to exercise (VE/VCO2 
slope)

Low 6-minute walk test distance (<300 m)

J. Parissis et al.
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deterioration. The problem of diuretic resistance 
has also been acknowledged in advanced HF 
patients, and some strategies have been proposed 
to overcome it, such as higher doses of diuretics, 
continuous infusion, combination of loop diuretic 
with a thiazide diuretic, torsemide or bumetanide, 
a higher dose of mineralocorticosteroid receptor 
antagonists, inotropes, vasodilators, low-dose 
dopamine, ultrafiltration, etc (Swedberg et al. 
2005; Hunt et al. 2005).

Angiotensin-converting enzyme (ACE) 
inhibitors are the cornerstone of HF treatment, 
administered to all patients with left ventricular 
(LV) systolic dysfunction (LVEF) ≤35–40 % 
independently of NYHA functional class. They 
have shown to improve long-term mortality 
alongside with symptoms, functional capacity, 
and HF-related hospitalizations. Angiotensin- 
receptor blockers (ARBs) may also be used for 
patients intolerant to ACE inhibitors or as an 
adjunctive therapy in specific subpopulations. 
High doses of ACE inhibitors, in line with the 
doses administered in large randomized clinical 
trials, are favored. In doing so, regular up- titration 
is important with close monitoring of clinical 
and biomarker parameters; hypotension, renal 

dysfunction, hyperkalemia should be avoided. 
These side effects are actually responsible for 
the  intolerance to ACE inhibitors in advanced 
HF patients. Symptomatic hypotension and renal 
failure may warrant dose reduction or even dis-
continuation of the medication, reflecting and 
imposing quick clinical deterioration (Kittleson 
et al. 2003; Nieminen et al. 2005; Swedberg et al. 
2005).

Neurohormonal blockage with beta-blockers 
is another key parameter to improve clinical 
symptoms and survival of HF patients. Beta- 
blockers are recommended for all HF patients 
and should be titrated to optimal doses. However, 
associated side effects of hypotension, bradyar-
rhythmias, and fluid detention may prohibit 
administration of the targeted dose. As such, in 
advanced HF patients, the tolerated dose of beta- 
blockers may be very low, or these agents may 
not even be tolerated at all (Nieminen et al. 2005; 
Swedberg et al. 2005).

Mineralocorticoid receptor antagonists 
(MRA) are also recommended to NYHA III–IV 
patients with reduced ejection fraction already 
receiving ACE inhibitors/ARBs and beta- 
blockers. Although randomized clinical trials 
have shown a significant increase in survival and 
HF hospitalizations, end-stage HF patients com-
monly have low glomerular filtration rate which 
poses a “contraindication” to their use. Moreover, 
since ACE inhibitors and beta-blockers may 
already be poorly tolerated, the addition of 
another agent may be difficult. Now it is clear 
how useful MRA are in patients who cannot tol-
erate ACE inhibitors and/or beta-blockers.

It is not therefore a surprise that in advanced 
stages of HF, there is a remarkable inability to 
tolerate neurohormonal blockade; in many regis-
tries, a relatively low percentage of patients with 
advanced HF were treated with beta-blockers and 
ACE inhibitors/ARBs. For a number of these 
high-risk patients, some therapeutic approaches 
may still be applied, although never tested in 
clinical trials. For example captopril, as a short 
actin agent, may ameliorate symptomatic hypo-
tension problems while maintaining neurohor-
monal blockage. Alternatively, hydralazine and 
nitrates can also be used in patients with renal 

Table 2.4 Treatment goals and available strategies for 
management of end-stage heart failure patients

Goal Therapy

Improvement 
of morbidity 
and mortality

ACE inhibitors
ARBs (if ACE inhibitor intolerant)
Beta-blockers
Mineralocorticosteroid receptor 
antagonists
Ivabradine in selected patients with 
sinus rhythm
CRTs/ICDs in selected patients
LVAD as bridge to transplant or 
destination therapy in selected patients
Heart transplantation in selected 
patients

Control of 
symptoms

Diuretics
Digitalis (very low dose)
Consider infusion of inotropes
Selected antiarrhythmics

Palliation Opioids, antidepressants, anxiolytics
Oxygen
Consider continuous or periodic 
infusion of inotropes (dobutamine, 
levosimendan)

2 Advanced End-Stage Heart Failure: Epidemiology and Management
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insufficiency or hypotension, although this option 
has not been adequately studied. In conclusion, 
intolerance of first-line drugs is a very bad prog-
nostic sign for patients with advanced HF.

A potential further improvement in the medi-
cal management of advanced heart failure could 
be reached in the future, thanks to LCZ 696 
(sacubitril-valsartan). This is a novel compound, 
constituted by the combination of sacubitril and 
valsartan, recently demonstrated to be superior to 
enalapril in reducing death by 20 % for cardio-
vascular causes and hospitalizations by 21 % for 
heart failure in patients with reduced ejection 
fraction. Sacubitril is an inhibitor of neprilysin, 
an enzyme which is responsible for the break-
down of vasoactive peptides that are associated 
with attenuation of vasoconstriction, sodium 
retention, and cardiac remodeling (i.e. natriuretic 
peptides, bradykinin, and adrenomedullin) 
(Swedberg et al. 2010; McMurray et al. 2014; 
Filippatos et al. 2015).

Glycosides may be used in HF patients with 
atrial fibrillation, who are already receiving 
optimum beta-blocker doses. In HF patients 
on sinus rhythm, there may be room for low 
doses of glycosides for individuals with NYHA 
III–IV functional class and severely impaired 
LVEF, already treated with ACE inibitors, beta-
blockers, aldosterone receptor antagonists, and 
diuretics. Physicians, however, should be alert 
to symptoms of bradyarrhythmias and ventricu-
lar arrhythmias as a result of high serum con-
centration levels of glycosides. Renal failure 
and impaired serum potassium levels are not 
uncommon in HF patients and may enhance the 
possibility of potentially life-threatening com-
plications. This is a problem for the routine use 
of these pharmaceutical agents in advanced stage 
HF patients. Given its excretion rate and shorter 
half-life, digitoxin may have a safer profile as 
compared to digoxin.

Positive inotropic agents are a common, albeit 
controversial, treatment option for end-stage HF 
patients. These agents are stratified in two major 
basic categories: B-adrenergic agonists (dopa-
mine and dobutamine) and phosphodiesterase 
inhibitors (i.e. milrinone). Their intravenous 

administration may provide short-term symptom 
relief in patients with reduced systemic blood 
pressure and signs of severe peripheral hypoper-
fusion, however, at the expense of severe arrhyth-
mia and death. This is why these agents have 
failed to show any survival benefit in large trials. 
Patients with end-stage HF dependent on intrave-
nous inotropic agents have shown a disappoint-
ing 76 % mortality at 130 days of follow-up. 
Although there still is room for continuous ino-
tropic circulatory support as “bridging therapy” 
in patients listed for heart transplantation, infec-
tion of central venous catheters is a complication 
that should not be overlooked. Levosimendan is a 
calcium sensitizer that does not induce tachycar-
dia or increase myocardial consumption. 
Although documented to improve patients’ 
symptoms, it is not clearly superior to low-cost 
adrenergic agents, but it can provide some benefit 
in selected clinical setting and in palliative care. 
Omecamtiv mecarbil, a novel selective cardiac 
myosin activator agent, has a conceptually better 
profile.

There are also less used pharmaceutical 
agents, which may be of help in various clinical 
scenarios. Class III antiarrhythmic drugs, 
including amiodarone, are used to restore and 
maintain sinus rhythm in HF patients; however, 
no survival benefit has been demonstrated, and 
the side effects of pulmonary fibrosis, hepatitis, 
photosensitivity, and thyroid dysfunction should 
be taken into account. Anticoagulation is rec-
ommended for patients with atrial fibrillation, 
LV thrombus, or thromboembolic events. 
Intravenous vasodilators (nitroglycerin, nitro-
prusside, nesiritide) may be used for symptom 
relief; however, borderline systemic pressures 
may be a major concern in end-stage HF 
patients. Additionally, ivabradine may be 
administered to patients with sinus rhythm and 
heart rate greater than 70 bpm, despite adequate 
dose of beta-blockers––an unlikely clinical sce-
nario for end-stage HF patients. Physicians 
should be aware of these pharmaceutical options 
and their limitations. Especially, for end-stage 
HF patients, the benefit of each pharmaceutical 
agent should be carefully weighed against the 
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risk, and the decision to treat the patient should 
be made on an individual basis, considering 
both side effects and undertreatment. Drug ther-
apy benefit for HF patients has been confirmed 
in trials using relatively stable patients, and data 
for end-stage HF patients are scarce. 
Interestingly, the point when first-line HF medi-
cation is poorly tolerated marks the beginning 
of end-stage HF (Adams and Zannad 1998; 
Hunt et al. 2005).

2.2.2  Electric Therapy and Other 
Implantable Devices

Cardiac resynchronization therapy (CRT) is rec-
ommended for patients with LBBB, wide QRS 
complex, impaired LV function, and low func-
tional class (NYHA II–IV), despite optimal 
medical treatment. For non-LBBB patients, a 
wider (>150 ms) QRS complex is required. The 
efficacy of this strategy is based on the concept 
that delayed conduction of the electric stimulus 
is associated to noncoordinated contraction 
mechanisms of the left ventricle. Restoration of 
electromechanical coordination leads to a clear 
improvement in peak oxygen uptake, walking 
distance, and quality of life in line with LV 
reverse remodeling of these patients. Atrial 
fibrillation reduces the effectiveness of therapy 
and is a common clinical problem in end-stage 
HF patients. In terminal stage patients unsuit-
able for CRT, there are also several factors limit-
ing overall CRT benefit, such as extensive 
myocardial scar, pulmonary hypertension, renal 
failure, and RV dysfunction. CRT has in fact 
been criticized for a relatively high rate (33 %) 
of nonresponders, which may actually be higher 
in terminal stage HF patients. Nevertheless, pro-
ponents of this approach point out that the 
annual mortality of eligible non-CRT treated 
patients (12.6 %) may equal or exceed that of 
patients suffering from aggressive cancers, and 
less effective and more costly therapies than 
CRT have never been denied for them. 
Awareness of this option has increased in the 
last years among clinical cardiologists, and a 

gradually increasing number of HF patients are 
currently treated with CRT according to stan-
dard recommendations.

There are preliminary data showing that CRT 
nonresponders with significant mitral regurgita-
tion may benefit from a mitraclip procedure.  
An implantable cardioverter–defibrillator (ICD) 
is also recommended for primary prevention in 
symptomatic (NYHA II–IV) patients with LVEF 
≤35 % to reduce the incidence of sudden death 
and also for secondary prevention in HF patients 
with documented symptomatic ventricular 
arrythmias. Combination of CRT and ICD 
enhances survival (CRT/D). The option of ICD 
deactivation has been offered in terminal stage 
HF patients to improve the quality of their 
remaining life (Swedberg et al. 2005; Hunt et al. 
2005; Friedrich and Bohm 2007).

Preliminary data show that patients with sig-
nificant mitral regurgitation may benefit from a 
mitraclip procedure. Mitraclip is a device that, 
inserted percutaneously, may reduce the hemo-
dynamic impact of mitral regurgitation. The role 
of this percutaneous mitral valve “repair” of 
functional mitral regurgitation is currently being 
extensively tested, and it could emerge as a 
potential strategy to improve symptoms and 
prognosis in patients deemed unsuitable for tradi-
tional mitral valve repair.

2.2.3  Mechanical Circulatory 
Support

LV assist device (LVAD) or biventricular assist 
device (BiVAD) may be considered for patients 
refractory to medical and CRT device treatment, 
given the paucity of other available prospects. 
This approach concerns HF patients with 
LVEF < 25 %, dependent on intravenous inotro-
pic agents, progressive end-organ dysfunction, 
deteriorating right ventricular function requiring 
frequent hospitalization for HF. Long-term sur-
vival of patients treated with mechanical circula-
tory support is better than those treated medically 
only; however, the devices may not be affordable 
for many healthcare providers. Right ventricular 
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function should be carefully evaluated before 
implantation, and BiVAD should be preferred 
over LVAD when there is a high chance of post-
operative right ventricular failure. Bleeding, 
thromboembolism, hemolysis, infection, and 
device failure are possible complications. Early 
referral of end-stage patients for device implanta-
tion is crucial, since an elective rather than an 
emergency procedure is more successful. 
Mechanical circulatory support therapy may be 
used as a bridge to transplantation or even as a 
destination therapy in selected patients. With the 
existing evidence, BiVAD is indicated only as a 
bridge to cardiac transplantation. In some cases, 
the term “bridge to candidacy” describes the tem-
porary use of mechanical circulatory support in 
order to reverse pulmonary hypertension and/or 
obesity in individuals not otherwise eligible for 
heart transplantation. Sometimes, LV function 
may improve to a point where mechanical sup-
port is no longer needed (bridge to recovery) 
(Hunt et al. 2005; Friedrich and Bohm 2007; 
McMurray et al. 2012; Lund et al. 2010; Feldman 
et al. 2013) (see also Chap. 3). (Ref 14).

2.2.4  Other Surgical Therapies

Initial enthusiasm for aggressive surgical inter-
ventions in advanced HF patients has been toned 
down following the disappointing results of ven-
tricular reconstruction trials. Revascularization is 
indicated in cases of documented viable myocar-
dium when coronary artery anatomy is feasible. 
Mitral valve repair or replacement may be indi-
cated in specific populations. Critical aortic ste-
nosis may also be surgically treated when 
indicated.

2.2.5  Palliative Treatment

As part of the holistic approach to end-stage 
heart failure disease, there comes a kairotic 
moment: deciding whether to divert the target of 
treatment from prolonging life to improving the 

quality of the remaining life only. There is no 
unanimous agreement as to when, but detailed 
informed consent of patients is essential, and 
their wishes concerning invasive strategies 
should be considered, in accordance with the 
laws of the countries.

2.2.6  Transplantation

Despite therapeutic advancements and novel 
devices, transplantation still remains the sole 
therapeutic strategy able to radically change the 
natural history of advanced heart failure. Patients 
with end-stage HF, despite guideline- 
recommended medical, device, and surgical 
management, are potential candidates for trans-
plantation. This procedure is considered the gold 
standard treatment for terminal stage, with an 
impressive 71.7 % rate of 5-year survival. 
Compared with medical treatment alone, func-
tional capacity and quality of life improve dra-
matically after the operation as do return to work 
rates. Potential candidates are referred to a spe-
cialized cardiac transplantation center for further 
evaluation. Possible contraindications for trans-
plantation are: age > 70 years, body mass 
index > 30 kg/m2, active malignancy, pulmonary 
hypertension, uncontrolled diabetes, severe renal 
dysfunction, peripheral vascular disease, HIV 
and hepatitis C infection, current smoking, alco-
hol or illicit drug abuse, psychiatric illness, 
dementia, mental retardation, but not all are abso-
lute, and the final decision is always individual-
ized. Cardiopulmonary exercise testing also 
plays an important role for optimal selection of 
candidates. Given the shortage of donors, a dedi-
cated team should ensure high-quality screening 
of possible candidates and management of 
patients awaiting transplantation (Hunt et al. 
2005; Friedrich and Bohm 2007; McMurray 
et al. 2012; Mehra et al. 2006). A reasonable 
algorithm for the treatment of advanced end- 
stage HF is given in Fig. 2.1 (Friedrich and Bohm 
2007; McMurray et al. 2012; Lund et al. 2010; 
Jaarsma et al. 2009).
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Advanced end stage HF

Correctable cause?

Persistent congestion?

Ultrafiltration or
haemodialysis

Yes

i.e. revascularization,
valvular operation,

anti-arrhythmic treatment,
antibiotic therapy

Co-evaluate ICD

Consider LVAD
or BiVAD

(bridge to transplantation)

Consider LVAD (destination therapy)

Consider Palliative Care
(periodic infusions of inotropes, etc)

Optimal pharmacotherapy

Persistent

Evaluate CRT

Persistent

Yes No

Symptoms?

symptoms?

No

Evaluate HTx

Fig. 2.1 Treatment algorithm of advanced end-stage 
heart failure (Modified from Friedrich and Bohm 2007). 
ICD implantable cardioverter–defibrillator, CRT cardiac 

resynchronization therapy, HTx heart transplantation, 
VAD ventricular assist device, BiVAD biventricular assist 
device

Key Points

• Heart failure is the clinical syndrome 
resulting from the acute or chronic inabil-
ity of the cardiovascular system to main-
tain full oxygen supply and metabolic 
function of peripheral organs. Advanced 
heart failure occurs when cardiac disease 
progresses extensively and standard 
treatments are unable to relieve symp-
toms and prevent clinical deterioration.

• Advanced heart failure has a significant 
mortality rate comparable or even higher 
than most malignancies.

• The key to medical therapy is mainly 
drugs disrupting the neurohormonal 

mechanisms responsible for clinical 
syndrome progression; diuretics are 
necessary to control symptoms, but do 
not have a clear prognostic benefit; ino-
tropic agents may be used in selected 
critical acute conditions, or as palliative 
care.

• Implantable devices including RCT/
ICD may improve prognosis and symp-
toms in a subgroup of patients.

• Heart transplantation and ventricular 
assist devices are effective surgical 
strategies for a selected subgroup of 
patients with few comorbidities and 
severe refractory heart failure.

2 Advanced End-Stage Heart Failure: Epidemiology and Management
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3.1  Background

Advances in medical treatment and the use of 
implantable defibrillators and cardiac resynchro-
nization therapy have significantly improved the 
outcome of patients with advanced heart failure 
(Slaughter et al. 2009).

However, the number of patients who become 
refractory to these forms of treatment is con-
stantly growing. In the case of acute deterioration 
and onset of cardiogenic shock, despite optimal 
medical and device therapy, short-term circula-
tory support with temporary support devices has 
been shown to be a valuable tool for cardiopul-
monary stabilization and bridging to the next 
therapy step: heart transplantation or implanta-
tion of a long-term device, with the possibility of 
myocardial recovery.

Heart transplantation is still the gold standard 
for the treatment of end-stage heart failure. 
Hence, the acute mismatch between the number 
of donor organs available and the number of 
patients on the waiting list has increased the 
demand for mechanical circulatory support for 
bridging to heart transplantation or transplant eli-
gibility and long-term support.

The clinical appearance of advanced heart fail-
ure varies. Most patients suffer from systolic heart 
failure resulting in continuously decreasing sys-
tolic function mainly of the left ventricle. A sig-
nificant proportion of patients develop  diastolic 
heart failure, which results in an increase in filling 
pressure and a decrease in stroke volume.

A. Stepanenko, MD (*) • E. Potapov, MD, PhD  
V. Falk, MD, PhD 
Department of Cardiothoracic and Vascular Surgery, 
German Heart Institute Berlin, Berlin, Germany
e-mail: stepanenkoal@mail.ru 

T. Krabatsch, MD, PhD 
Department of Cardiothoracic and Vascular Surgery, 
German Heart Center Berlin, DZHK (German Center 
for Cardiovascular Research), Partner Site Berlin, 
Berlin, Germany

3

mailto:stepanenkoal@mail.ru


22

In patients with isolated left ventricular dys-
function, a left ventricular assist device (LVAD) 
support, where blood is bypassed from the left 
ventricular apex to the ascending aorta or descend-
ing aorta, is usually sufficient. Prior to implanta-
tion, it must be ensured that right ventricular 
function is not severely impaired. In case of main-
tained right ventricular function, a left ventricular 
mechanical circulatory support device can deliver 
the whole volume that is reaching the left atrium 
to the systemic circulation. Mean blood pressure 
remains between 60 and 80 mmHg, with the 
pump producing flow of 4–7 l/min (full support 
pumps) or 2–4 l/min (partial support pumps). 
Pulsatile flow devices produce artificial ejection, 
mimicking the physiological heart cycle; hence, 
they work asynchronously with fixed stroke rate. 
The smallest pulsatile pump has a 10-ml blood 
chamber, and adult pulsatile pumps produce an 
artificial stroke volume of up to 80 ml.

Continuous flow VADs bypass the heart and 
pump blood volume independently of the heart 
cycle, producing a continuous flow profile in the 
aorta. In this case, there is no or little native ejec-
tion through the aortic valve (depending on the 
residual LV function), and the aortic valve leaf-
lets may remain closed. Therefore, no pulse wave 
is present. Ultrasound devices or invasive meth-
ods are used for the assessment of mean arterial 
pressure. This kind of “unphysiological” pulsel-
ess circulation does not negatively affect end- 
organ function, cognitive function, or the 
microcirculation (Petrucci et al. 2012; Potapov 
et al. 2012), but may impair the structure of the 
aortic valve leaflets, and sometimes lead to aortic 
insufficiency during longer assist periods 
(Aggarwal et al. 2013).

Patients who present some contractility of the 
LV following LV unloading and/or myocardial 
recovery eject blood through the aortic valve. 
This additional cardiac output contributes little to 
the whole body perfusion, but it leads to an ade-
quate blood wash-out phenomenon at the aortic 
root and diminishes the risk of thrombus forma-
tion in the valve area.

Early onset or late right ventricular failure in 
patients with an LVAD may lead to decreased 
pump output due to diminished transpulmonary 

flow and to low pump flow with subsequent 
hypoperfusion of the end organs and, ultimately, 
multiorgan failure. To avoid this dramatic com-
plication, appropriate device selection and 
implanting strategy are crucial (Potapov et al. 
2008a). Once the right ventricle is failing, tempo-
rary right ventricular support with short-term 
devices may be necessary as a bridge to RV 
recovery or to a permanent RVAD. If temporary 
RV dysfunction is expected, temporary RVAD 
support is started at the time of LVAD implanta-
tion and progressively weaned over weeks 
according to RV recovery.

When patients that present with advanced 
heart failure become refractory to therapy, with 
the involvement of both ventricles, biventricular 
mechanical circulatory support is required using 
biventricular VAD (BVAD) or a total artificial 
heart (TAH). BVAD support may be given with 
implantable pumps, using two continuous flow 
LVAD with one adapted for RV support, or with 
two extracorporeal pneumatic pumps connected 
to the major vessels and heart chambers by poly-
urethane cannulas (Berlin Heart Excor, Berlin 
Heart, Berlin, Germany; Thoratec, Thoratec 
Corporation, Pleasanton, CA, USA).

The total artificial heart is a pulsatile system 
containing two artificial ventricles with four 
valves: mechanical valves as in the temporary 
CardioWest total artificial heart TAH-t, 
Syncardia, Tucson, AZ, USA, or the Abiomed 
device, Abiomed Inc., Danvers, MA, USA; or 
biological valves as in the CARMAT TAH, 
CARMAT SA, France. There are some reports of 
the use of two adapted continuous flow LVAD 
connected to patients’ atria and major vessels 
used as a continuous- flow TAH.

3.2  Devices

3.2.1  Left Ventricular Devices 
(Extracorporeal, Implantable)

In the current era, over 90 % of the LVADs are 
implantable continuous-flow pumps.

These consist of the pump body with rotor and 
pump housing, inflow cannula (integrated or 
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connected), outflow graft/cannula, driveline, and 
driver or controller with energy source.

• Inflow cannula:
 (a) Material: titanium, sintered (HeartWare 

HVAD, M-VAD, HeartMate II, HeartMate 
III, Jarvik 2000), or polished (DuraHeart), 
complex (silicon/titanium, Incor), poly-
urethane cannula penetrating the skin 
(Berlin Heart Excor);

 (b) Insertion site: LV apex, LA in special cases 
(Excor, Abiomed, or Thoratec, e.g. in 
patients with restrictive cardiomyopathy);

 (c) Fixation to LV myocardium/sewing ring 
with interrupted or continuous felt- 
pledgeted sutures;

 (d) Optimal orientation toward the mitral 
valve, without contact to the LV wall.

Different devices have shown different kinds 
of integration into the internal surface of the LV 
chamber with “neo-intima” formation (Fig. 3.1).

• Pump body:
 (a) Material: titanium (all implantable 

devices), polyurethane (Excor);
 (b) Blood propulsion: volume displacement 

or rotary pumping using impeller;
 (c) Generated flow profile: centrifugal, 

axial, radial, pulsatile (pneumatic, 
electromechanic);

 (d) Bearings: ruby (HM II), hydrody-
namic/passive magnetic (HVAD, HM 
III), electromechanical (Jarvik 2000), 
electromagnetic (INCOR, DuraHeart,  
HM III);

 (e) Implant position: intrapericardial (HVAD, 
Jarvik 2000, HM III, INCOR, HeartAssist 
5), requiring pump pocket within abdomi-
nal wall (HM II, DuraHeart) or extracor-
poreal (Excor) (Fig. 3.2).

• Outflow cannula:
 (a) Dacron graft (HVAD, HM II, HM III, 

Jarvik 2000, HeartAssist 5, new version 
of Incor), silicon cannula (old version of 

a b c

d e f

Fig. 3.1 Different types of inflow cannula present different tissue integration and “neo-intima” formation. (a) 
HeartWare cintered; (b) HM II; (c) Excor; (d) HeartWare noncintered; (e) Incor; (f) DuraHeart
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Incor), polyurethane cannula penetrating 
the skin (Excor);

 (b) Kinking protection/strain relief (HM II, 
HVAD);

 (c) Anastomosis with ascending aorta or 
descending aorta using running or inter-
rupted prolene sutures.

• Driveline:
 (a) Subcutaneous tunneling (oblique or 

C-shaped) with abdominal fascia perfora-

tion in the epigastral region, neck tunnel-
ing with retroauricular pedestal fixation at 
temporal bone (Jarvik 2000)

 (b) Exit site: Right or left lateral abdominal 
quadrant. It is preferable to avoid crossing 
the linea alba (later need for abdominal sur-
gery, interaction with chest tubes/infection)

 (c) Tissue integration: Dacron velour covered 
part, silicon, titanium pedestal (Jarvik 
2000) (Fig. 3.3)

a b c

Fig. 3.2 Implant position. (a) HeartWare placed intra-
pericardially (postoperative X-ray); (b) HM pump body 
placed in created pocket (intraoperative view); (c) extra-

corporeal pump body connected to the heart chambers via 
long cannulas––Excor BVAD (outpatient study)

a b c

d e f

Fig. 3.3 Driveline incorporation at exit site. (a) HM II; 
(b) HeartWare LVAD; (c) Jarvik 2000 (postaurical  pedestal); 
(d) HeartWare BVAD; (e) Excor (chronic  irritation and 

local infection of LV-apex cannula, other three with good 
incorporation signs); (f) Incor (local infection with abscess 
formation along driveline)
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The driveline is connected to a digital con-
troller, lithium batteries (implantable LVADs) or 
to a pneumatic driver (Excor, Thoratec, 
CardioWest).
• Controller and batteries:

 (a) Air compressor (Excor, CardioWest), 
polyurethane tubing connecting to pump 
chamber, manual pump for emergencies.

 (b) The controller runs the pump and also 
provides text messages and audible alarms 
to aid system operation management.

 (c)  Lithium ion batteries, cable connection of 
the power unit to electricity from a wall or 
car outlet (Fig. 3.4).

• Implantation techniques:
 (a) Using cardiopulmonary bypass or extra-

corporeal life support through a full ster-
notomy (HM II, HM III, HeartWare HVAD 
and MVAD, DuraHeart, Incor, Jarvik 
2000, HeartAssist 5). After conventional 
full sternotomy and systemic hepariniza-
tion, cannulation of the right atrium, using 
a two-stage cannula, and of the ascending 
aorta is performed. Cardiopulmonary 
bypass (CPB) with normothermia is initi-
ated. The LV apex is exposed. The apical 
fixation tool is usually attached with 10–14 
mattress sutures of 3–0 felt- reinforced 
polypropylene positioned around the apex. 
During a short period of induced ventricu-
lar fibrillation, a full- thickness cruciate 
incision inside the sewing ring is made 
using a special coring tool. At this time, 
the driveline is pulled from the pericardial 
space below the  costal arch into the subcu-
taneous abdominal tissue and brought 

through the skin in the lower abdominal 
quadrant with a subcutaneous route of at 
least 10 cm. The aorta is partially clamped, 
and the distal anastomosis of the outflow 
graft and the ascending aorta is accom-
plished using a continuous polypropylene 
suture. Final de-airing of the outflow graft 
is done before the distal anastomosis is 
completed.

 (b) Minimally invasive (bilateral thoracot-
omy/partial sternotomy), CPB standby. 
The patient is placed in supine position 
and intubated with a double lumen tube. 
The first incision is made in the third right 
intercostal space close to the sternum, the 
aorta is partially clamped in its lateral por-
tion, and anastomosis with the graft is 
performed. Optionally, an upper partial 
sternotomy may be used to approach the 
ascending aorta; the second incision is 
performed in the fifth or sixth left 
 intercostal space, depending on the posi-
tion of the LV apex. The fixation ring is 
attached to the apex, and the graft is 
passed intrapericardially under the ster-
num to the LV apex and connected to the 
pump. The driveline is tunneled out of the 
skin and connected to the controller. The 
LV apex is cored and the pump placed 
into the LV during continuous de-airing, 
fixed, and started. The procedure is done 
on the beating heart. If necessary, CPB 
can be used employing femorofemoral 
cannulation (Potapov and Krabatsch 
2014; Hetzer et al. 2004; Cheung et al. 
2011) (Fig. 3.5).

a b c d

Fig. 3.4 External components. (a) HeartWare; (b) HeartMate II; (c) Incor; (d) Excor
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 (c) Implantation technique through left lateral 
thoracotomy after previous cardiac opera-
tions. In patients who have had previous 
cardiac operations via a median sternot-
omy severe adhesions may complicate 
intraoperative dissection. Additionally, 
open bypasses may cross the midline and 
be at increased risk for intraoperative dam-
age. In such cases, approaching the left 
ventricle and descending aorta through a 
median sternotomy avoids these complica-
tions. In selected cases, the implantation 
may be performed with CPB on standby. 
After the patient is placed in the right lat-
eral decubitus position with the left hip 
rolled back, the groin vessels are prepared 
and a left lateral thoracotomy is performed 
in the fifth intercostal space. The left lung 
is deflated, and the pulmonary ligament is 
transected up to the hilum. Placement of 
the sewing ring, pump insertion, and drive-
line tunneling are performed as described 
in (b). The proximal part of the descending 
aorta is partially excluded using a Satinsky 
clamp. A short longitudinal incision is 
made, and the distal anastomosis of the 
outflow graft and the descending thoracic 

aorta is accomplished using a continuous 
polypropylene suture. Tunneling of the 
driveline, final de-airing, and starting the 
LVAD are as described above (Hetzer 
et al. 2004) (Fig. 3.6).

3.2.2  Biventricular Devices 
(Extracorporeal, Implantable)

Up to 10 % of patients with end-stage heart failure 
experience biventricular failure that requires 
biventricular support. For these patients, only two 
long-term options are available: the total artificial 
heart (CardioWest, SynCardia, Tucson, AZ), 
which requires that the native heart be excised, 
and the biventricular assist device (BVAD), which 
uses either bulky extracorporeal or implantable 
displacement pumps (Krabatsch et al. 2011).

Due to improved patient selection, better 
understanding of right ventricular function, and 
early referral (preferably before RV failure), the 
number of individuals who require biventricular 
support has decreased in recent years (Kirklin 
et al. 2014). However, there are still patients in 
whom isolated LVAD support is insufficient and 
who are in need of biventricular support.

a b

Fig. 3.5 Intraoperative view. (a) LV apex exposed via 
left-sided minithoracotomy in sixth intercostal space.  
(b) Surgeon performing outflow graft anastomosis via 

separate incision in the second intercostal space to the 
right of the sternum
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3.2.2.1  Pulsatile Extracorporeal BVAD 
(Berlin Heart Excor)

Since the first clinical implementation of the 
Berlin Heart Excor device in Berlin, Germany, in 
the late 1980s, thousands of adults and also chil-
dren have been treated with it as a bridge to heart 
transplantation, recovery, or destination therapy 
all over the world (Potapov et al. 2008b). In the 
recent past, this system has been most widely 
used in the pediatric setting.

After conventional full sternotomy and sys-
temic heparinization, the ascending aorta and 
right atrium are cannulated. Cardiopulmonary 
bypass with normothermia is initiated. First, 
the left ventricular cannula is inserted. The inci-
sion is made on the left ventricular apex in the 
coronary- free area, and the left ventricular can-
nula is inserted and secured by previously placed 
mattress sutures supported with Teflon pledgets. 
Next, a side-biting clamp is placed on the ascend-
ing cannula proximal to the previously inserted 
aortic cannula for CPB, the aorta is incised above 
the clamp, and the VAD aortic cannula is fixed 
with continuous or mattress sutures. Afterward, 
the cannulas are tunneled through the skin via 
tight-fitting skin incisions and the pump, filled 

with physiological solution, is connected to the 
cannulas. Residual air bubbles are evacuated 
through a de-airing nipple that is integrated into 
the blood chamber, assist circulation is begun, 
and CPB is stopped (Hetzer et al. 2006) (Fig. 3.7).

3.2.2.2  Continuous-Flow 
Implantable BVAD

Since the introduction of implantable rotary 
blood pumps into clinical practice, there have 
been many attempts to adapt these pumps, once 
developed as left ventricular assist devices, for 
support of the failing right ventricle. With minor 
modifications of the peripheral equipment that 
address the lower resistance of the pulmonary 
circulation and anatomical issues, rotary blood- 
pump technology may provide an alternative in 
destination therapy for biventricular failure 
(Krabatsch et al. 2011; Kirklin et al. 2014; 
Strueber et al. 2010; Hetzer et al. 2010). The 
implantation is performed on CPB. The tech-
nique for LVAD implantation is similar to that 
described above; the RVAD may by connected 
to the diaphragmatic part or to the free wall of 
the right ventricle. One of the attractive sites for 
insertion of the inflow cannula of the implant-

a b

Fig. 3.6 CT scan reconstruction of LVAD implanted via left lateral thoracotomy with outflow graft connection to 
descending aorta: (a) HeartMate II; (b) HeartWare
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able RVAD is the right atrium. In this case, the 
pump is placed outside of the pericardium into 
the right pleural space. The outflow graft is con-
nected to the pulmonary artery (Fig. 3.8).

3.2.3  Total Artificial Heart

In patients who have severe biventricular failure, 
or if conventional connection to the heart cham-
bers is challenging due to technical, anatomical, 
or pathological issues, the total artificial heart 
(TAH) is one of the options. Indications for its 
use are irreversible biventricular failure, irrevers-
ible cardiac rejection, massive myocardial infarc-
tion with or without ventricular septal defect, and 
massive cardiac thrombosis.

Unlike the previously described devices, a pul-
satile total artificial heart is implanted into the 
chest in orthotopic position after the diseased heart 
has been explanted leaving cuffs of both atria. 
Both artificial ventricles are connected to patients’ 
atria, and the major vessels produce one-way  
pulsatile flow (four mechanical valves). This 

allows the filling pressures to be kept low and the 
pump flow high, up to 8.4 L/min. Both drivelines 
are tunneled out of the skin in the epigastric region 
and connected to the pneumatic driver (Fig. 3.9). 
The only commercially available pulsatile TAH is 
the CardioWest-t (Copeland et al. 2004).

3.3  Survival, Long-Term Effects, 
and Complications

According to INTERMACS data, overall survival 
in patients supported with implantable rotary 
blood pumps is approximately 80 % at 1 year and 
70 % at 2 years. Regarding biventricular support, 
recipients of implantable continuous flow BVAD 
had a better survival rate at 1 year than those with 
pulsatile systems: 57 % vs 45 %, respectively. 
Fifty-nine percent of recipients of the CardioWest-t 
total artificial heart survived at 1 year.

Since permanent support with ventricular 
assist devices has become a reality, an increasing 
number of patients are being supported for sev-
eral years. Implantation of a VAD as destination 

a b

Fig. 3.7 (a) Berlin Heart Excor driver, connecting air tubes, pumps. (b) Surgical connection to the heart chambers 
(RA right atrium, AO aorta, LV LV apex, PA pulmonary artery)
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therapy or for long-term support has almost dou-
bled during the past 6 years and now represents 
43 % of all implants (Kirklin et al. 2014).

3.3.1  Thrombo-embolic and 
Bleeding Complications

Ventricular assist devices affect the coagulation 
system. All pumps come into contact with blood, 

and through surface activation of the clotting cas-
cade promote thrombosis and thromboembolic 
events. Freedom from any thrombembolic event 
at 1 year is currently 85–92 % (Slaughter et al. 
2009; Najjar et al. 2014). Strict anticoagulation is 
therefore necessary, and may in turn cause bleed-
ing complications.

Flow stagnation around the VAD cannula or dis-
eased myocardium, exposure to foreign surfaces 
(VAD cannulas and pump body), and changes in 

a

b

c

Fig. 3.8 (a) The narrowing of the right ventricular assist 
device (RVAD) outflow graft is produced before surgery 
by suturing 3 cm of the graft with 6-0 Prolene 2 cm from 
the outflow connector over a 5-mm Hegar dilator intro-
duced into the graft. (b) Intraoperative view shows both 
pumps: 1, outflow graft of the left ventricular assist device 

(LVAD) connected to the ascending artery; 2, outflow 
graft of the RVAD connected to the pulmonary artery; 3, 
pump of the RVAD connected to the free wall of the right 
ventricle; 4, the pump of the LVAD is connected to the LV 
apex and is not shown (Hetzer 2010). (c) X-ray of two 
HVAD implanted as BVAD

Fig. 3.9 Implantable and external components of the CardioWest-t total artificial heart
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coagulation balance (over- anticoagulation, onset of 
acquired von Willebrand factor disease, platelet 
deficiency, heparin- induced thrombocytopenia 
(HIT), and hypercoagulable blood status) are the 
most important factors that disturb coagulation, 
with the clinical consequence of bleeding or throm-
boembolism (Stepanenko et al. 2014).

The incidence of bleeding of any cause 
(requiring red blood cell transfusion or necessi-
tating surgery) with different types of VAD 
ranges between 0.16 and 2.45 events per patient 
per year, while the incidence of thromboembolic 
events is 0.05–0.28 events per patient per year 
(Potapov et al. 2011).

3.3.2  Pump Malfunction

Pump malfunctions due to driveline damage or 
thrombosis are the most important pump-related 
complications and, if not treated immediately, 
are potentially fatal. Pump exchange is a valu-
able option, although patients with multiple 
pump exchanges carry a progressive increase in 
mid- term mortality. Some patients with pump 
thrombosis may be treated with fibrinolysis if 
pump exchange is not possible (Najjar et al. 
2014). Exceptions are extracorporeal devices, 
where the exchange procedure is simple by 
clamping of the outflow cannulas, exchange of 
blood chambers, de-airing, and pump restart. 
This is performed without a general anesthetic 
and at the bedside.

3.3.3  Effects of Pulseless 
Continuous-Flow Circulation 
(Aortic Valve, End-Organs, 
Blood Components)

Several studies have shown that during long-term 
support with continuous-flow blood pumps, 
structural alterations of the aortic valve occur. 
The exact mechanisms and histopathological 
findings have been described elsewhere 
(Aggarwal et al. 2013). Briefly, new onset or late 
progression of preexisting aortic valve regurgita-
tion with or without a commissural fusion phe-
nomenon significantly diminishes the clinical 

success of VAD therapy. Some VAD recipients 
require surgical treatment (conventional replace-
ment or AV closure, transcathether valve replace-
ment, etc.) in the later follow-up (Dranishnikov 
et al. 2012; Robertson et al. 2015).

Under physiological conditions, the blood 
flow is pulsatile from the arterial tree up to the 
capillary bed. The role of pulsatility in the proper 
function of the human body is still unclear. The 
discussion started with the implementation of 
cardiopulmonary bypass, which was nonpulsatile 
and came into clinical practice 60 years ago and 
still continues. On the basis of experience with 
more than 5000 patients supported with long- 
term CF devices in the past 13 years, it is clear 
that continuous blood flow seems not to have dis-
advantages regarding neurocognitive function, 
end-organ recovery, and long-term function 
(Potapov et al. 2012; Slaughter 2010).

Severe hemolysis is a rare complication follow-
ing VAD implantation. Postoperative hemolysis 
may be caused by the pump design (high rotor 
speed operation in continuous flow pumps, artificial 
surface properties, mechanical bearings, high shear 
stress, use of mechanical valves in pulsatile devices) 
or by postoperative complications (hypercoagula-
bility status, onset of heparin- induced thrombocyto-
penia (HIT) II, malpositioning of the apical cannula, 
kinking of outflow grafts, pump thrombosis).

3.3.4  Exit Site Driveline or Cannula- 
Related Infection

Infection is a common problem of LVAD therapy. 
Drivelines or device infections are reported with 
incidence of 0.25–0.33 events per patient per year 
(John et al. 2014). The driveline tunneling proce-
dure during implantation (C-shaped, subcutane-
ous, intra-abdominal), externalization techniques, 
and exit site driveline or cannula incorporation 
later play a large role as a source for postoperative 
morbidity and mortality in the case of the onset of 
local infection with potential generalization and 
sepsis (Stepanenko et al. 2010).

Excor cannulas are covered with Dacron 
velour and present acceptable incorporation if the 
cannula position is relatively stable, without 
chronic moving-related irritation (Fig. 3.3e)
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Drivelines of modern implantable LVADs 
allow good incorporation and provide long-term 
exit site infection-free support (Fig. 3.3a–d).

During long-term support in some cases, 
there is an onset of local infection at the exit site 
that can ascend to the mediastinum along the 
driveline tunnel (Fig. 3.3f). Antibiotics and 
local antiseptics, together with driveline or can-
nula immobilization, are of great value in avoid-
ing this complication. In the case of uncontrolled 
ascending infection, local vacuum-assisted clo-
sure treatment, driveline relocation, or listing 
for heart transplantation are possible solutions.

 Conclusion

VADs with their variety (univentricular of 
biventricular support; extracorporeal or im-
plantable; rotary or pulsatile) have become 
established surgical therapy for end-stage 
heart failure over the last decade.

With enormous progress made in VAD tech-
nology, the incidence of complications has 
decreased over the years. However, with longer 
time on support, many forms of interaction 
between the implanted pump and the body have 
been recognized. The management of these 
interactions and complications during support 
remains challenging, but it is feasible, giving 
patients supported with a VAD the opportunity 
to return home and resume their normal lives.
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in recent years has improved survival 
and quality of life for patients with 
advanced heart failure.
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4.1  Background

Following the groundbreaking experience in the 
late 1960s and 1970s of some few centers world-
wide, the improvement of immunosuppression 
by the introduction of cyclosporine made heart 
transplantation (HTx) the most successful strat-
egy to treat selected patients with advanced heart 
failure (HF) (Shiba et al. 2004). This success is 
however counterbalanced by the lack of organs 
available for transplantation and by the early and 
long-term complications, often the result of 
immunosuppression therapies. Thus, the selec-
tion of patients who can most benefit from trans-
plant remains a crucial issue.

According to the International Registry, 
worldwide HTx figures show that survival rates 
vary from more than 90 % at 3 months, 85 % at 1 
year, 78 % at 3 years to 70 % at 5 years (Scientific 
Registry of Transplant Recipients: www.ustrans-
plant.org; Lund et al. 2014). Transplanted 
patients’ quality of life significantly improves 
and most are able to return to work or study 
(Grady et al. 1996). In the USA, more than 3000 
(The Organ Procurement and Transplantation: 
www.optn.org) people are awaiting HTx, and 
about two-thirds undergo the operation each year, 
and worldwide, more than 4000 patients per year 
undergo HTx (Zaroff et al. 2002). From the early 
1990s to the 2000s, the waiting time doubled and 
is still rising. About 16 % of patients awaiting 
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transplantation die (Scientific Registry of 
Transplant Recipients: www.ustransplant.org; 
Lund et al. 2014).

4.2  Prognostic Assessment

A large array of variables and scores have been 
studied to assess the prognosis of HF patients, 
including age, heart failure etiology, widened 
QRS on 12-lead electrocardiogram, NYHA class, 
ejection fraction, decrease of peak exercise oxy-
gen uptake, chronic hypotension, resting tachy-
cardia, intolerance to conventional therapy, 
refractory volume overload, the presence of key 
comorbidities (such as renal dysfunction, diabe-
tes, anemia, hyperuricemia), the degree of hypo-
natremia, and plasma natriuretic peptide 
concentration (McMurray et al. 2012). These 
variables may change over time, as does progno-
sis. The high number of prognostic markers 

underscores the complexity and heterogeneity of 
clinical course and presentation of HF. Thus, 
optimal prognostic evaluation needs to be based 
not only on evaluating multiple parameters, but 
also on their change over time.

Prognostic scoring systems provide an exam-
ple of the interplay of multiple variables in influ-
encing prognosis: among the many proposed, the 
Heart Failure Scoring System or Seattle Heart 
Failure Model (Alraies and Eckman 2014) have 
been extensively validated and are publicly avail-
able (http://www.heartfailurerisk.org/# and http://
depts.washington.edu/shfm/) (Fig. 4.1).

4.3  Recipient Selection Criteria

The two main heart diseases that lead to adult 
end-stage heart failure requiring transplantation 
are ischemic heart disease and cardiomyopathies, 
each of which make up 45–50 % of cases 

Fig. 4.1 The Seattle Heart Failure Model calculator, modified from http://depts.washington.edu/shfm/macosx.php
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(Scientific Registry of Transplant Recipients: 
www.ustransplant.org; Lund et al. 2014). 
Figure 4.2 shows the details of transplanted dis-
eases by recipient age group.

Patients with an estimated survival of <80 % 
at 6–12 months should be evaluated for HTx 
(Hunt et al. 2009; Mehra et al. 2006), after all 
other therapeutic approaches have failed  
(optimization of medical treatment, coronary 
or mitral valve surgery, resynchronization 
therapy, and ICD implantation) (Bank et al. 
2000).

Most patients will have an established diag-
nosis of chronic heart failure due to left or 
biventricular systolic dysfunction not attribut-
able to correctable structural, valvular or coro-
nary artery disease and will fulfil the following 
criteria (Banner et al. 2011):

• Impaired left ventricle systolic function
• NYHA class III (e.g., marked limitation of 

physical activity, comfortable at rest; less than 
ordinary activity causes fatigue, palpitation, or 
dyspnea) or IV symptoms

• Already receiving optimal medical treatment 
(including target or maximum tolerated doses 

of beta-adrenergic antagonists, ACE inhibi-
tors, and aldosterone antagonists)

• Cardiac resynchronization treatment (CRT), 
implantable cardioverter defibrillator (ICD), 
or cardiac resynchronization treatment––defi-
brillator (CRT-D) device implanted (if 
indicated)

• Evidence of a poor prognosis:
 1. Cardiorespiratory exercise testing (VO2 

max < 12 ml/kg/min if on beta-blockade, 
<14 ml/kg/min if not on beta-blockade, 
ensuring respiratory quotient ≥ 1.05)

 2. Markedly elevated B-type natriuretic pep-
tide (or N-terminal pro-B-type natriuretic 
peptide) serum levels despite full medical 
treatment

 3. Established composite prognostic scoring 
system, such as the Heart Failure Scoring 
System or Seattle Heart Failure Model

 4. Low cardiac output at right heart catheter-
ization (often associated with postcapillary 
pulmonary hypertension)

While the main indication is HF due to sys-
tolic ventricular dysfunction, transplantation 
may also be considered on a case-by-case basis 

18–39 years 10 %
5 %

7 %
1 %
2 %

74 %

53 %

3 %

58 %0 %

2 %
41 %1 %

1 %
2 %

2 %
2 %

40–59 years
Myopathy

Congenital

Retx

CAD

Other

Valvular

56 %

3 %
1 %

37 %

0 %
3 %

60–69 years 70+ years

37 %

Fig. 4.2 Diagnosis by recipient age group in adult heart transplants (2006–June 2013). CAD coronary artery disease, 
Retx retransplants (Modified from Lund et al. 2014)
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in other situations, such as persistent hemody-
namically compromising ventricular arrhyth-
mias, refractory to all conventional therapies 
(including antiarrhythmic drugs, catheter abla-
tion, electrical device treatment, revasculariza-
tion); refractory angina, where there is clear 
objective evidence of recurrent significant/debil-
itating myocardial ischemia that is not amenable 
to conventional treatment (including all forms of 
revascularization and full antiangina treatment); 
restrictive and hypertrophic cardiomyopathies 
with persisting NYHA III or IV symptoms 
refractory to conventional treatment and/or 
recurrent admissions with decompensated HF; 
congenital heart disease with NYHA functional 
class III–IV HF not amenable to palliative or 
corrective surgery (McMurray et al. 2012; Mehra 
et al. 2006).

In case of heart failure not associated with 
the dilated hypokinetic phenotype, clear 

 echocardiographic evidence of restrictive filling 
pattern needs to be obtained, confirmed by 
hemodynamic studies. In addition, a complete 
and often histological diagnostic workout is 
needed in patients with restrictive cardiomyopa-
thy to ascertain the presence of a possible sys-
temic disease, amenable to other therapeutic 
strategies, and to assess the risk of post-trans-
plantation recurrence (e.g. amyloidosis or gly-
cogen storage disease) (Hunt et al. 2009; Alraies 
and Eckman 2014; Bank et al. 2000; Banner 
et al. 2011; De Jonge et al. 2008; Sidebotham 
et al. 2007; Camm et al. 2009; Mehra et al. 
2006).

It is essential that patients be referred to the 
transplant center before systemic complications 
develop.

Clinical conditions for referral are summa-
rized in Fig. 4.3 (McMurray et al. 2012; Hunt 
et al. 2009).

Heart Transplantation:
Indications and Contraindications

according to American and European Guidelines

American Guidelines European Guidelines

Patients to
consider

End-stage heart failure with severe symptoms,
a poor, prognosis, and no remaining alternative
treatment optoons

Motivated, well informed, and emotionallly
stable

Capable of complying with the intensive
treatment required post-operatively

Active infection

Severe peripheral arterial or verebrovascular
disease

Current alcohol or drug abuse

Treated cancer in previous 5 years

Unhealed peptic ulcer

Recent thrombo-embolism

Significant renal failure (e.g. creatinine clearance
<50 mL/min)

Significant liver disease

Systemic disease with multiorgan involvement

Other serious co-morbidity with poor prognosis

Emotional instability or untreated mental illness

High, fixed pulmonary vascular resistance
(>4–5 wood Units and mean transpulmonary
gradient >15 mmHg)

Contraindications

Absolute Indications 
in Appropriate 
Patients

For hemodynamic compromise due to HF

Severe symptoms of ischemia that consistently limit 
routine activity and are not amenable to coronary 
artery bypass surgery or percutaneous 
coronary intervention

Recurrent symptomatic ventricular arrhythmias 
refractory to all therapeutic modalities

Peak VO2 11 to 14 mL per kg per minute (or 55 % 
perdicted) and major limitation of the patient’s daily 
activities

Recurrent unstable ischemia not amenable to other
intervention

Low left ventricular ejection fraction

History of functional class III or IV symptoms of HF

Peak VO2 greater then 15 mL per kg per minute (and
greater than 55% predicted) without other indications

HF indicates heart failure; IV, intravenous; VO2, oxygan  consumption per unit time

Recurrent instability of fluid balance/renal function 
not due to patient noncompliance with medical 
regimen

Relative Indications

Insufficient 
Indications

• Refractory cardiogenic shock

• Documented dependence on IV inotropic support
   to maintain adequate organ perfusion

• Peak VO2 less than 10 mL per kg per minute with
   achievement of anaerobic metabolism

Fig. 4.3 Indications for heart trasplantation: comparison between American and European guidelines
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4.4  Risk Factors and 
Contraindications to Heart 
Transplantation

Advanced HF can lead to dysfunction in other 
organs, which will increase the risk associated 
with transplantation and may eventually become 
irreversible; referral should be considered before 
these complications become established. 
Whenever possible, intrinsic organ damage 
should be differentiated from potentially revers-
ible abnormalities secondary to heart failure 
(such as cardiorenal syndrome, hyponatremia, 
liver dysfunction, anemia, cardiac cachexia, and 
pulmonary hypertension) (De Jonge et al. 2008).

4.4.1  Pulmonary Hypertension 
and Vasoreactivity Test

Right heart failure is a common occurrence and a 
cause of morbidity and mortality after cardiac 
transplantation (Camm et al. 2009). Contemporary 
registry data from ISHLT indicate that approxi-
mately 20 % of early deaths after cardiac trans-
plantation are attributable to RV failure (Mehra 
et al. 2006).

Therefore, according to ISHLT guidelines 
(Mehra et al. 2006), right heart catheterization 
(RHC) should be performed on all candidates in 
preparation for listing for HTx and annually until 
transplantation. RHC should be perfomed at 3- to 
6-month intervals in listed patients, especially in 
the presence of reversible pulmonary hypertension 
or worsening of heart failure symptoms. A vasodi-
lator challenge should be administered when the 
pulmonary artery systolic pressure is ≥50 mmHg 
and either the transpulmonary gradient is 
≥15 mmHg or the pulmonary vascular resistance 
(PVR) is >3 Wood units (>240 dynes∙s∙cm−5), (De 
Jonge et al. 2008) while maintaining a systolic 
arterial blood pressure ≥ 85 mmHg.

Patients whose PVR can be acutely reduced 
(usually in the cardiac catheterization lab or at 
the bedside) are usually considered acceptable 
candidates for transplantation.

Although criteria have been proposed that con-
traindicate cardiac transplantation,  increasingly, it 

has been recognized that absolute cutoffs do not 
exist, and large cohort analyses have  demonstrated 
that elevated PVR is an incremental risk factor 
from low to high values (Mehra et al. 2006). 
Pulmonary artery hypertension and elevated  
PVR should be considered as a relative contraindi-
cation to cardiac transplantation when the PVR is 
>5 Wood units or the pulmonary vascular 
 resistance index (PVRI) is >6 or the transpulmo-
nary gradient (TPG) exceeds 16–20 mmHg. If the 
pulmonary artery pressure exceeds 60 mmHg in 
conjunction with any one of the preceding three 
variables, the risk of right heart failure and early 
death is increased. If the PVR can be reduced to 
<2.5 with a vasodilator but the systolic blood pres-
sure falls <85 mmHg, the patient remains at high 
risk of right heart failure and mortality after HTx.

Vasoreactivity testing involves the administra-
tion of a short-acting vasodilator with or without 
inotropic properties followed by measurement of 
the hemodynamic response using a Swan-Ganz 
catheter. The drugs usually used for this acute 
challenge are prostacyclin, nitroglycerin, and 
nitroprusside. Other drugs, such as nitric oxide, 
dobutamine, and milrinone, can also be used (De 
Jonge et al. 2008).

Contraindications to vasoreactivity testing 
include low systemic blood pressure, low cardiac 
index, or the presence of severe (functional class 
IV) symptoms because hypotension and occa-
sionally cardiovascular collapse can occur with 
the administration of the vasodilator (Banner 
et al. 2011). Thus, most clinicians agree that 
acute vasoreactivity testing should only be per-
formed by those expert in the performance and 
interpretation of this procedure.

4.4.2  Potential Contraindications 
and Risk Factors of Poor 
Survival for Heart 
Transplantation

In light of the paucity of available organs, the 
selection process needs to exclude from trans-
plant those patients presenting one or multiple 
conditions that will significantly reduce post- 
transplant survival.

4 Clinical Indications for Heart Transplantation
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Some comorbidities constitute an absolute 
contraindication, and others are incremental risk 
factors. Relative contraindications, when present 
in combination, may become absolute barriers to 
surgery.

• Age is not a contraindication to transplantation 
per se, but increasing age is an incremental risk 
factor, and it is often associated with other 
comorbidities: 65 years is the standard upper 
age limit for being considered in the waiting list 
for heart trasplantation for most centers, 
However, acceptable results have been reported 
in small selected series of patients older that 70.

• Multiple prior sternotomies are an incremen-
tal risk factor.

• Diabetes is not a contraindication but is a risk 
factor; it may become a contraindication in 
case of organ damage and poor glycemic con-
trol (e.g. glycosylated hemoglobin < 7.5 %).

• Symptomatic peripheral or cerebrovascular 
diseases are relative contraindications, given 
their impact on patient prognosis.

• More recently, the concept of frailty has been 
evaluated as an indicator of poor prognosis in 
heart failure patients, both after mechanical 
circulatory support and after transplantation 
(Jha et al. 2016).

• Alcohol or recreational substance abuse and 
dependence is a contraindication, irrespective 
of the legal conditions related to it.

• Obesity is a risk factor for postoperative com-
plications and may limit the pool of organ 
availability: heart donors weighing more than 
100 kg are unlikely, for example. In addition, 
a body mass index greater that 35 kg/m2 is in 
any case to be considered a contraindication 
(Hunt et al. 2009).

4.4.3  Special Considerations

4.4.3.1  Renal Dysfunction
Renal dysfunction is often present in heart trans-
plant candidates, often secondary to heart failure 
itself or to the associated cardiovascular 
 metabolic risk factors (mainly hypertension, dia-
betes). It is not only a marker of heart failure 

severity, but also a significant marker of morbid-
ity and mortality after transplantation (Lund et al. 
2014). Therefore, patients with renal insuffi-
ciency should undergo thorough examination in 
order to discern a possible primary kidney-related 
disease from a pre-renal kidney dysfunction.

Appropriate screening requires the calculation 
of the estimated glomerular filtration rate (Mehra 
et al. 2006). However, the upper limit for accept-
ability is controversial and may depend on local 
experiences and clinical scenario. The Bethesda 
Conference considered irreversible renal dys-
function with serum creatinine above 2 mg/dl or 
creatinine clearance below 50 ml/min as a sec-
ondary exclusion criterion (Mehra et al. 2006). 
However, when serum creatinine was evaluated 
as a continuous variable, no specific level was 
identified beyond which the risk of heart trans-
plant was unacceptable.

The serum creatinine value is considered an 
absolute contraindication at above 3 mg/dl in two-
thirds of US centers and at over above 5 mg/dl in 
43 % of German centers (Mehra et al. 2006), while 
other 43 % of centers consider above 5 mg/dl level 
as a relative contraindication (Mehra et al. 2006).

4.4.3.2  Malignancies and Infections
In the presence of malignancies, a patient should 
not be placed on the waiting list because of the 
risks connected to the immunosuppressive ther-
apy that follows transplantation. However, 
patients who have achieved a sustained remission 
following cancer treatment may become trans-
plant candidates (McMurray et al. 2012). 
Decision-making should include advice from an 
oncologist, and the outcome will be influenced 
by the nature of the malignancy and the patient’s 
expected prognosis for survival free of relapse 
(Camm et al. 2009).

Clinically important chronic viral infections, 
such as HCV, HIV, and HBV, remain a subject of 
active debate. Chronic viral infections are rela-
tive contraindications, given the potential for 
organ injury, disease exacerbation by pharmaco-
logical immunosuppression, and drug interac-
tions between antiviral and immunosuppressive 
drug treatment (Sidebotham et al. 2007). 
However, the availability of new antiviral drugs 
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for HCV and HIV, which can lead to recovery or 
prolonged stabilization of the viral infection, may 
make it possible to consider these patients too for 
transplantation, in the context of a multidisci-
plinary environment and close collaboration with 
infectious disease specialists.

4.4.3.3  Comorbidities
“Contraindications” and “comorbidities” are 
concepts that overlap. The benefit of transplanta-
tion must be weighed against the risks associated 
with the recipient’s comorbidities and the possi-
ble aggravation that may result from the neces-
sary immunosuppressive therapy. It is not easy 
and perhaps not even possible to demarcate a 
clear threshold over which comorbidity can really 
contraindicate transplant. Therefore, from the 
ethical point of view, we should consider the 
patient’s lifestyle and life expectation. It might be 
useful to consider the patient’s “life project,” that 
is, what he still wants to achieve in order to con-
sider his existence satisfactory. This may help 
caregivers in patient care, in terms of medical 
and/or surgical treatment.

4.4.3.4  Psychosocial Evaluation
All cardiac transplant candidates should undergo 
complete psychosocial evaluation during the 
initial screening process. This may identify 
social and behavioral factors that cause diffi-
culty during the waiting period, post-surgery 
recovery, and long-term postoperative manage-
ment. In particular, it is important to identify 
risk factors that could lead to nonadherence and 
rule out subclinical psychiatric disorders that 
may jeopardize the efficacy of transplant. The 
patient must understand that full cooperation 
and adherence are critical to the safe and effec-
tive use of immunosuppressive agents 
(McMurray et al. 2012).

4.5  Mechanical Circulatory 
Support (MCS)

Transplant-eligible patients may be considered 
for implantation of a MCS if their clinical condi-
tion is deteriorating and if they are unlikely to 

receive a donor heart soon (Bank et al. 2000). 
These devices may be for short-term or long-term 
support. The latter are implantable and have been 
developed to assist the left ventricle (LVAD). 
LVAD support may also be used to reverse poten-
tial contraindications such as renal dysfunction 
and pulmonary hypertension secondary to heart 
dysfunction, thereby making the patient a better 
candidate for transplantation (bridge to candi-
dacy). Permanent LVAD implant as a destination 
therapy is currently reccommended only for 
patients with an absolute contraindication for 
transplant (usually advanced age). In emergency 
situations, support with a low-cost, short-term 
device may be used as a “bridge to decision” to 
allow full assessment of the patient (Hunt et al. 
2009).

 Conclusion

Assessing eligibility for heart transplantation 
is a complex task requiring comprehensive 
evaluation of the patient from many aspects, 
with more than a single diagnostic proce-
dure. The guiding principle is accurate prog-
nostic evaluation weighing the benefits of 
transplantations against the risks linked to 
the procedure itself, the toxicity of the immu-
nosuppressive drugs, and the noncardiac 
comorbidities that have to be carefully ruled 
out. In this context, the multidisciplinary 
work of the transplant team, including cardi-
ologists, cardiac surgeons, pathologists, 
transplant coordinators, psychologists, social 
workers, dieticians, and physiotherapists is 
crucial (Banner et al. 2011).

Key points

• Assessment of eligibility for heart trans-
plantation is a complex task, where the 
guiding principle is accurate prognostic 
evaluation while weighing the benefits 
of transplantation against the risks.

• Prognosis assessment systems of heart 
failure patients include many variables 
and scoring methods. The most com-
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monly used and best validated are the 
Heart Failure Scoring System and 
Seattle Heart Failure Mode (http://www.
heartfailurerisk.org/# and http://depts.
washington.edu/shfm/).

• The majority of patients referred for 
transplantation have established diagno-
sis of chronic heart failure due to left or 
biventricular dysfunction not attribut-
able to correctable structural, valvular, 
or coronary artery diseases.

• The main indication is HF due to sys-
tolic ventricular dysfunction. Other situ-
ations where transplantation may be 
considered case-by- case are as follows:
 – Persistent hemodynamically compro-

mising ventricular arrhythmias refrac-
tory to all conventional therapies

 – Refractory angina
 – Myocardial ischemia not amenable 

to conventional treatment
 – Restrictive and hypertrophic cardio-

myopathies with persisting NYHA 
III or IV symptoms

 – Congenital heart disease with NYHA 
functional class III–IV HF not amena-
ble to palliative or corrective surgery

• As donor hearts are limited in number, 
the selection process should also  
consider the presence of comorbidities 
(one or multiple conditions) which can 
significantly reduce post-transplant 
survival.

• Some comorbidities are absolute contra-
indications; others, in isolation, may be 
relative contraindications, but absolute 
in combination.

• Renal dysfunction, malignancies, infec-
tions, and psychosocial factors need 
separate consideration.
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5.1  Introduction

The primary aim of pathologic examination of 
hearts explanted during transplantation is the 
detailed study of the cardiac disease that led to heart 
failure and to compare the pretransplantation clini-
cal diagnosis or the clinical–pathologic diagnosis 
when endomyocardial biopsy (EMB) is performed.

But this examination also offers much more.
Cardiac transplantation and availability of 

native hearts from live patients completely changed 
the anatomo-pathologic approach to cardiac dis-
eases and gave two extraordinary opportunities:

 1. It opened the way to “surgical pathology” of 
the entire heart, previously restricted only to 
autopsy.

 2. It made EMB an essential routine tool in 
the diagnosis of cardiac diseases, given its 
wide use in monitoring post-transplantation 
rejection.
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Thus, today cardiovascular pathologists are no 
longer only mere autopsy pathologists but real 
surgical pathologists.

All this implies many important points. First 
of all, it premises having good quality tissue from 
live patients to examine (as with other surgical 
specimens) and being able to collect fresh tissue. 
It also encourages pathologists to follow more 
detailed protocols in heart examination thus 
opening the way to standardizing procedures and 
collecting large-scale data. Detailed and system-
atic examination of pathologic substrates of many 
cardiac diseases, including rare diseases, is now 
possible, and important diagnostic and research 
information is newly available. This is not yet a 
resource for all surgical pathologists, but it is for 
specialized cardiovascular pathologists and it is 
slowly spreading to the whole pathology 
community.

Another essential result is that pathologists 
and clinicians collaborate more closely and 
become used to sharing information and correlat-
ing more exhaustively clinical history and imag-
ing findings with pathologic substrates. As a 
consequence all specialists involved in managing 
cardiac diseases should learn to give greater 
weight to the etiology of diseases underlying 
heart failure. Although the patient is of course 
extensively assessed prior to transplant, clinical 
indications for cardiac transplant are not always 
really etiology driven, as some unexpected diag-
noses found at the pathologic examination of the 
explanted heart demonstrate.

This multidisciplinary work-up model in heart 
transplantation, where pathologists, clinicians, 
and surgeons usually work closely together 
throughout the entire transplant process should 
also be extended to autopsy, where pathologists 
all too often work in isolation, as clinician par-
ticipation is limited and depends on local prac-
tice, or details of clinical history are not always 
available.

Examination of native hearts illuminates 
major aspects of heart failure, such as extending 
knowledge of the complex pathologic substrates 
of cardiomyopathies that enrich the clinical and 
genetic phenotypes, describing pathologic find-
ings in the metamorphosis and evolution of dis-

eases as a consequence of interventional 
procedures (e.g. coronary stents) and knowing 
the varied aspects of myocardial remodeling after 
traditional surgery (e.g. valvular heart disease, 
congenital heart defects).

In this chapter we want to address the patho-
logic examination of native hearts in this differ-
ent light and to describe the pathologist’s work, 
often underrated but essential.

Our aim is to stimulate cardiac transplant 
pathologists to fully explore explanted hearts and 
to build up a collection, as this is valuable mate-
rial for increasing knowledge of cardiac disease. 
General surgical pathologists, who do not usually 
deal with cardiovascular specimens, especially 
explanted hearts, should also use this knowledge 
at autopsy examination of hearts.

5.2  Ischemic Heart Disease

5.2.1  Background and Incidence 
in Explanted Hearts

Ischemic heart disease (IHD) may be the first 
manifestation of coronary artery disease (CAD) 
or be the consequence of cumulative effects of 
coronary atherosclerosis, a chronic disease with 
its multifaced pathophysiology and clinically 
stable and unstable periods. Although not all IHD 
is necessarily CAD and vice versa, in clinical 
practice IHD and CAD have become synony-
mous and the incidence in the population of myo-
cardial infarction (MI) is used to roughly define 
prevalence of CAD. IHD may be a limited event 
of a chronic disease or a major condition leading 
to sudden death or congestive heart failure and 
chronic/end-stage IHD requiring heart transplan-
tation (HTx).

Together with cardiomyopathy, IHD is the 
leading underlying heart disease diagnosis for 
adult HTx. The percentage of heart transplanta-
tion patients with IHD has decreased over recent 
decades from 46 % in the 1990s to 36 % nowa-
days (Lund et al. 2014). As might be expected, 
IHD as underlying cause of HTx is related to age 
of the recipient: cardiomyopathy is the major 
diagnosis for HTx up to age 59 years, but IHD 
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predominates thereafter (Lund et al. 2013). The 
decreased proportion of IHD as underlying heart 
disease for HTx is in line with observations of 
substantially decreased morbidity and mortality 
of CAD over the last three decades due to better 
medical treatment, e.g. statins, and reduction of 
risk factors such as smoking. Moreover, current 
standard treatment of CAD with balloon angio-
plasty and stenting, either as primary therapy or 
revascularization therapy in acute myocardial 
infarction, has modified the clinical-pathologic 
expression of ischemic heart disease and the 
need for transplant arises at a later age (>65 
years).

Clinical presentation of CAD includes a wide 
spectrum ranging from silent ischemia, stable 
and unstable angina pectoris, MI, heart failure, 
and sudden death. These clinical events can be 
attributed to various pathologic lesions which, 
through complex cellular and molecular patho-
biologic mechanisms, lead to the different pat-
terns of myocardial muscle ischemic injury and 
finally to the development of chronic ischemic 
heart disease. This ranges from the reversible 
alterations of myocardial stunning to early isch-
emic lesions, fully developed coagulative necro-
sis, different stages of the reparative processes 
and to the development of progressive chronic 
disease, both chronic atherosclerosis and 
chronic myocardial damage with myocardial 
fibrosis and impaired contractile performance of 
the heart. Another essential factor of developing 
myocardial damage is ischemia–reperfusion 
injury, which independently contributes to car-
diomyocyte death. This is particularly important 
today because the most effective therapy to limit 
the extent of MI is reperfusion of the stenosis or 
obstruction of the artery using primary percuta-
neous intervention or revascularization surgery. 
So, pathologists must therefore be familiar with 
examination of coronary stents or coronary 
bypass grafts. Apart from the lesions of main 
coronary epicardial branches, coronary micro-
vascular dysfunction also occurs and contrib-
utes to myocardial lesions (Burke and Virmani 
2007).

In explanted hearts, coronary atherosclerosis 
and myocardial disease are at advanced chronic 

stage, for which various terms are used in daily 
practice: ischemic cardiomyopathy vs. isch-
emic cardiopathy vs. chronic ischemic heart 
disease. The term “ischemic cardiomyopathy” 
was introduced in the 1995 World Heart 
Organization classification of cardiomyopathy 
referring to “a dilated cardiomyopathy with 
impaired contractile performance not explained 
by the extent of coronary artery disease or isch-
emic damage”. Although still widely used 
among clinicians and pathologists, it is not cur-
rently part of either the official European 
Society of Cardiology or the American Heart 
Association clinical cardiomyopathy classifica-
tion schemes (Elliott et al. 2008; Maron et al. 
2006): so, due to its ambiguity and the fact that 
it probably refers to a more limited clinical–
pathologic condition, the terms “ischemic car-
diopathy” and “chronic ischemic heart disease” 
are preferable for a condition referring to weak-
ness and remodeling of the heart muscle due to 
inadequate oxygen delivery to the myocardium 
consequent to CAD.

5.2.2  Specific Technical Pathology 
Points

5.2.2.1  Examination of Coronary 
Arteries

• Start with examination of the coronary ori-
gins: determine the number, position, size, and 
patency of the coronary ostia (Stone et al. 
2012).

• Assess the size, course, and dominance of the 
major coronary arteries.

• Make a series of transverse cuts at 3 mm inter-
vals in the main epicardial branches (left ante-
rior descending, left circumflex artery, 
diagonal and obtuse marginal branches, right 
coronary artery) in order to determine patency 
and the degree of stenosis and presence of 
thrombus.

• As most cases of CAD explanted hearts have 
severely calcified advanced atherosclerotic 
lesions in the coronary arteries, in some cases it 
could be advisable to dissect the entire main epi-
cardial arteries and branches including the diag-
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onal and obtuse marginal for decalcification 
before sectioning. For decalcification, we rec-
ommend the use of ethylene-diamine-tetraacetic 
acid to preserve cell morphology.

• Representative sections, such as stenotic 
lesions and complicated thrombosed lesions, 
are sampled for histology.

5.2.2.2  Evaluation of Stents
Evaluation of reocclusion/restenosis of coro-
nary arteries with implanted metallic scaffold-
ing devices, known as stents, and subsequent 
histologic study cannot be done with conven-
tional methods, which result in disruption of tis-
sue and cellular morphology at stent–tissue 
interface. Although a careful study of stented 
coronary arteries is not needed in routine exami-
nation for diagnostic purposes, this is an impor-
tant field for clinical and pathology research. 
Detailed methodology is described by Bradshaw 
and Rippstein (Bradshaw et al. 2009; Rippstein 
et al. 2006).

The main points to keep in mind are the 
following:

• Avoid sectioning the vessel through stents 
with scissors and scalpel or pulling out the 
stent from the coronary artery lumen.

• Remove the stented vessel by cutting it proxi-
mally and distally to the device.

• Before sectioning, a radiograph of the speci-
men is useful to identify the total length of the 
stent and other characteristics such as expan-
sion, compression, or distortion.

• Fix the removed specimen in formalin before 
special handling.

The two main processing methods are the 
following:

• Processing and embedding specimens in 
methyl methacrylate resin (Bradshaw et al. 
2009).

• Electrolytic dissolution of the stent with par-
affin embedding (Rippstein et al. 2006).

Paraffin embedding method is preferred for 
immunohistochemical study.

5.2.2.3  Coronary Artery Bypass Grafts
Coronary artery bypass grafts (internal mammary 
arteries, saphenous veins, radial arteries, etc.) 
should be carefully dissected from the pericardial 
adhesions and the removed specimen also exam-
ined with transverse cuts.

For histologic study of the anastomosis, three 
cross sections should be obtained: one proximally, 
one at the anastomotic level, and one distally.

5.2.2.4  Examination of Myocardium
• Start with a transversal slice of the heart at 

mid-ventricular level and then parallel slices 
of the ventricles, working toward the apex, at 
1 cm intervals (Stone et al. 2012).

• Determine the luminal diameter of both ven-
tricles at mid-ventricular level and measure 
mitral valve annulus diameter.

• Document scars as subendocardial or trans-
mural and describe their radial (anterior, lat-
eral, posterior, and septal) and longitudinal 
(base, mid-ventricle, and apex) location. 
Document scars in papillary muscles.

• Describe wall thinning and aneurysm forma-
tion (bulge at transmural scar) and then mea-
sure wall thickness of the compact myocardium 
excluding the trabeculae of both ventricles in 
non-infarcted areas.

• Take representative sections for histology.

5.2.3  Pathologic Substrates

The pathologic study of a native heart with IHD 
includes morphology of atherosclerotic plaques, 
their stages, progression and remodeling, coro-
nary artery stents, and bypass grafts and the mul-
tiple aspects of myocardial damage.

Systematic examination of the explanted hearts 
can make an important contribution to pathologi-
cally defining the chronic stage of the disease, 
whose spectrum varies from severe coronary ath-
erosclerosis (obstructing or narrowing >75 % 
cross-sectional area of one or more major coronary 
arteries) and large areas of the myocardium 
replaced by scar tissue to less evident and not yet 
fully defined alterations in presence of CAD but in 
the absence of a recognized MI.
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5.2.3.1  Coronary Atherosclerosis

Histopathological Classification
Atherosclerotic plaques develop over time. The 
most commonly used anatomo-clinical classifi-
cation scheme of atherosclerotic lesions is that 
of the American Heart Association. Virmani and 
colleagues (2000) have produced a modified 
version that includes more detailed histopatho-
logic content. The latter is the most commonly 
used by pathologists and divides lesions into 
non-atherosclerotic intimal lesions and pro-
gressive atherosclerotic lesions (Table 5.1): 
the scheme includes seven categories classified 
on the basis of accretion of lipid in relation to 
the formation of a fibrous cap; modifications 
in the lipid to form a necrotic core; thickening 
or thinning of the fibrous cap and thrombosis 
formation.

Pathologic Assessing of Stenosis Degree 
in Coronary Atherosclerosis
Assessment of coronary atherosclerotic lesion 
severity varies according to technique: angiogra-
phy, intravascular ultrasound, and pathological 
examination. The main limiting factors for patho-
logic assessment are nonphysiological conditions 
of nonpressure-distended arteries; usually 
nonpressure- fixed vessels; and tissue shrinkage 
after fixation and processing. Although in end- 
stage ischemic native hearts a precise evaluation 
of stenosis degree is not routinely required, it 
should be remembered that medial collapse of 
the uninvolved coronary segments by an eccen-
tric plaque can result in great overestimation of 
stenosis percentage. Thus, when a detailed evalu-
ation is needed, it is advisable to allow for the 
collapse-related artifact by planimetry measure-
ments as suggested by Burke et al. (2001).

Coronary Luminal Thrombus Formation
Autopsy studies have shown that occlusion of the 
coronary lumen due to thrombus formation is the 
mechanism underlying most cases of myocardial 
infarction. Three distinct processes are described 
underlying thrombus formation: plaque rupture, 
erosion, and, less frequently (<5 % of cases), a 
protruding calcified nodule (Table 5.1).

Table 5.1 Modified American Heart Association histo-
logical classification scheme of atherosclerotic lesions 
(Virmani et al. 2000)

Non-atherosclerotic 
intimal lesions

Description

Intimal thickening Accumulation of smooth 
muscle cells (SMCs) in the 
intima

Intimal xanthoma or 
fatty streak

Accumulation of foam cells in 
the intima without a necrotic 
core or fibrous cap

Progressive 
atherosclerotic 
lesions

Description

Pathological intimal 
thickening

SMCs in a proteoglycan-rich 
matrix with areas of 
extracellular lipid accumulation 
without necrosis

Fibrous cap 
atheroma

Well-formed necrotic core with 
an overlying fibrous cap

Thin fibrous cap 
atheroma

A thin fibrous cap (<65 μm) 
infiltrated by macrophages and 
lymphocytes and an underlying 
necrotic core

Fibro-calcified 
plaque

Collagen-rich plaque with 
significant stenosis usually 
contains large areas of 
calcification with few 
inflammatory cells; a small 
necrotic core may be present

Lesions with 
thrombi

Description

Plaque rupture Fibroatheroma with cap 
disruption; luminal thrombus 
communicates with the 
underlying necrotic core; 
intraplaque hemorrhage may 
play a role

Erosion Luminal thrombus, no 
communication of thrombus 
with necrotic core; damaged 
endothelium; usually younger 
patients

Calcified nodule Thrombus due to eruptive 
nodular calcification with 
underlying fibro-calcified 
plaque

Healed Plaque Rupture and Total 
Occlusion
If the patient survives myocardial infarction, the 
thrombus will become organized with ingrowth 
of microvessels and collagen formation from 
myofibroblasts. Eventually a new layer of 
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connective tissue will form over the ruptured 
plaque, which “seals off” and stabilizes the site of 
rupture. In plaques complicated by total occlu-
sion of the vessel lumen, this process of organiza-
tion will increase the amount of collagen over 
time and remodeling of the microvessels may 
lead to recanalization of the artery. Since CAD 
HTx patients have a history of myocardial infarc-
tions, healed plaque ruptures and total occlusions 
can frequently be observed in the coronary arter-
ies of the explanted hearts (Fig. 5.1).

5.2.3.2  Coronary Stents
As stenting is the most widely performed treat-
ment of symptomatic coronary disease today, 
CAD heart explants frequently contain coronary 
stents.

In Stent Neo-Intima Formation
Directly after stent implantation the endothelium 
is stripped to encourage a healing response con-
sisting of neo-intima formation with re- 
endothelialization of the intimal layer. First 
platelets and fibrin thrombus containing neutro-
phils will form (Nakano and Virmani 2015). 

The amount of platelets in this thrombus depends 
on antiplatelet therapy, whereas fibrin is always 
present. Chronic inflammation (lymphocytes and 
macrophages) can also be observed, related to 
severity of media/plaque injury or necrotic core 
disruption during the procedure. The thrombus 
organizes with migration and proliferation of 
smooth muscle cells. These smooth muscle cells 
produce the extracellular matrix in this repair 
process. At first the neo-intima is rich in proteo-
glycans and then becomes more collagen-rich, 
leading to more compact scar tissue. This change 
in neo-intimal composition from loose to com-
pact is thought to be responsible for the late neo- 
intimal regression observed in angiography 
studies. Neo-intima formation causes re-stenosis 
within the stent, defined angiographically as 50 % 
diameter luminal narrowing.

Late Stent Thrombosis
In recent years, drug-eluting stents have mini-
mized the limitations of bare-metal stents. Drug- 
eluting stents are coated with antiproliferative 
drugs such as sirolimus and paclitaxel. Late stent 
thrombosis, defined as any platelet-rich thrombus 

Fig. 5.1 Coronary artery with total occlusion due to pre-
vious plaque rupture. The atherosclerotic plaque shows a 
large necrotic core with a thin fibrous cap. In the lumen an 

older organized thrombus with loose connective tissue 
with signs of recanalization. Weigert–van Gieson elastic 
stain, original magnification 25×
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occupying >25 % of lumen >30 days after implan-
tation, has also been recognized as a serious long-
term complication of drug-eluting stents (Fig. 5.2), 
where there is suppression of neo- intimal growth 
with poor re-endothelialization. The absence of re-
endotheliaziation of the stent struts is assumed to 
be partly responsible for the development of late 
thrombosis of the stent. Additional factors that 
seem to be related to late stent thrombosis are 
incomplete apposition of the stent, penetration of 
necrotic core during stenting with plaque prolapse, 
stenting across ostia of branches, and interruption 
of long-term antiplatelet therapy.

In Stent Neo-atherosclerosis
Consistent with the development of native ath-
erosclerosis, the first neo-atherosclerotic change 
observed in the stent area is accumulation of 
lipid-containing foamy macrophages around 
stent struts (Nakano and Virmani 2015). This can 
develop into the formation of unstable plaques 
of neo-atherosclerosis such as in-stent thin-cap 
fibroatheroma and plaque rupture (Fig. 5.3). 
These lesions can develop in both drug-elut-
ing and bare-metal stents. In bare-metal stents 
neo- atherosclerosis mostly appears to develop 
after 5 years, whereas in drug-eluting stents 
these advanced neo-atherosclerotic lesions can 
be observed within 2 years after stent place-
ment (Nakano and Virmani 2015). Overall 

neo- atherosclerosis can be observed more 
frequently and sooner in drug-eluting stents 
as compared to bare-metal stents. Probably 
incomplete re- endothelialization and impaired 
endothelial function in drug-eluting stents can 
partly explain the faster development of in-stent 
neo-atherosclerosis.

Embolization of Hydrophilic Coating
The number of interventional cardiovascular pro-
cedures has increased dramatically in recent 
decades and, in CAD especially, intravascular 

a b

Fig. 5.2 Late stent thrombosis. (a) Stented coronary 
artery with a fibrocalcified plaque with occlusion of the 
lumen due to thrombus formation (Hematoxylin–eosin, 
original magnification 25×). (b) Higher magnification of 

late stent thrombosis (Hematoxylin–eosin, original mag-
nification 200×). The stent struts are not covered by an 
endothelial layer. On top of the struts a platelet-rich 
thrombus has formed

Fig. 5.3 Macroscopic picture of stented coronary artery 
with an in-stent atherosclerotic plaque. Note that in this 
case the in-stent part of the lipid-rich necrotic core is con-
nected to the necrotic core of the original plaque outside 
the stent
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angioplasty and stenting are frequently performed. 
The guiding catheters used in these procedures are 
coated with hydrophilic polymers to prevent 
thrombotic complications and vascular spasm. 
Embolization of parts of this hydrophilic coating to 
intramyocardial branches of coronary arteries can 
sometimes be observed in explanted hearts with a 
history of intracoronary procedures (Fig. 5.4).

5.2.3.3  Coronary Artery Bypass Grafts
In IHD native hearts, the pathologist may find 
segments of surgical bypass grafts, usually mam-
mary grafts anastomosed to the left anterior 
descending or vein grafts sequentially anasto-
mosed to coronary artery branches.

Chronic graft disease with significant stenosis 
or obstruction of the lumen is principally due to 
the following:

• Fibro-intimal proliferation with diffuse con-
centric intimal thickening by smooth muscle 
cells or myofibroblasts intermixed with extra-
cellular matrix components.

• The usual atherosclerotic plaques, generally 
with large necrotic core and calcifications.

Organized thrombi occluding the lumen and, 
rarely, graft atherosclerotic aneurysms may be 
found (Tavora et al. 2007).

5.2.3.4  Pathology of Myocardium
The morbidity and mortality of IHD are related to 
the remodeling of the myocardium that occurs in 
the postinfarction period. After a myocardial 
infarction the necrotic myocardium is replaced 
by scar tissue with numerous fibroblasts that pro-
duce collagen fibers. In time these areas of 
replacement cellular fibrosis become less cellular 
and dense collagenous fibrosis. Within the scars 
there can be fatty tissue (Fig. 5.5) or foci of 
calcification.

Grossly native hearts show left ventricular 
enlargement or biventricular dilatation, extensive 
and often multiple scars, either subendocardial or 
transmural or both (with mixed pattern), or seg-
mental (localized) healed myocardial infarction 
and various degrees of hypertrophy indicative of 
myocardial remodeling in segments unaffected 
by old fibrous infarcts (Fig. 5.6). Left ventricular 
aneurysms or traces of aneurismectomy surgery 
are frequently found (Fig. 5.7).

The striking histologic finding in native hearts 
is the replacement fibrosis of healed infarction: it 
may be subendocardial or transmural, but always 
involves the subendocardium since this is a less 
well-vascularized area of the myocardium with 
less pO2 as it is distant from the epicardial coro-
nary arteries (Fig. 5.8). This distribution pattern 
of fibrosis is typical of IHD and is increasingly 
seen as an essential parameter in discriminating 
IHD from cardiomyopathies, especially in end-

Fig. 5.4 Embolized hydrophilic coating from guide wire 
with blue–gray appearance in a small intramyocardial 
artery. The embolized material is surrounded by an 
inflammatory reaction with macrophages and eosinophilic 
granulocytes. Hematoxylin–eosin, original magnification 
200×

Fig. 5.5 Scar in the myocardium of the left ventricle with 
metaplasia of adipose tissue in the scar. Azan Mallory’s 
trichrome stain, original magnification 25×
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a b

c d

Fig. 5.6 Native explanted hearts showing variable gross 
appearance in IHD. (a) The cross section shows healed 
infarctions in the septum, anterior, posterior and lateral 
wall of the LV. Part of the scars are transmural, whereas in 
the LV lateral wall a subendocardial scar is present. The 
LAD has been removed for decalcification before section-
ing. (b) Both ventricles are noticeably dilated. An exten-
sive subendocardial scar is evident in the anterior-lateral 
LV wall and the septum. The LV inferior wall is hypertro-

phic as expression of myocardial remodeling. (c) The 
heart is generally enlarged. The fibrous transmural healed 
infarction involves the LV anterior wall and a large part of 
the septum, resulting in marked thinning of heart wall and 
initial parietal aneurysm formation. (d) A transmural scar 
is more localized in this heart (LV anterior wall), and dila-
tation involves only the LV. The posterior septum is 
hypertrophied. LV left ventricle, LAD left anterior 
descending coronary artery

a b

Fig. 5.7 Explanted hearts with apical aneurysms of left ventricle (a) or previous surgical aneurismectomy (arrow) (b) 
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stage hearts (see Sect. 5.3). In general, in cardio-
myopathies a more diffuse and differently 
distributed pattern of fibrosis can be seen. Recent 
observations suggest that the pattern of fibrosis is 
associated with pathogenic mutation in cardio-
myopathies. In some dilated cardiomyopathies, 
the fibrosis is mostly located in the epicardial part 
of the myocardium (Gho et al. 2014).

In the myocardium surrounding the scar, reac-
tive hypertrophy of cardiomyocytes in combina-
tion with interstitial fibrosis can be observed. In 
areas distant from the healed infarction replace-
ment fibrosis of varying size may be present, 
caused by either prior local ischemia or emboli-
zation of parts of epicardial thrombi into small 
intramural arteries with subsequent microinfarc-
tions, and nonspecific alterations of myocytes 
(myocytolisis, dysmetria, and vacuolization).

Another common finding in most CAD 
explanted hearts is cardiomyocytes with cyto-
plasmic vacuolization throughout the subendo-
cardial and trabecular region of the ventricle 
wall: this phenomenon is due to loss of myofi-
brils resulting in vacuolization of myocardial 
cells, thereby creating a histologic pattern of 
empty cells (Fig. 5.9). The loss of these indi-
vidual myofibrils is a cellular response to 
chronic nonlethal ischemia, which results 
in local myocardial dysfunction, and is the his-
tological substrate of “myocardial hibernation.” 
It has been suggested that the vacuolar changes 

are reversible with possible regeneration of lost 
myofibrils.

Small vessel disease consisting of medial 
hypertrophy and intimal thickening/proliferation 
may also be found, diffusely or in multifocal 
areas, as histologic finding of dysfunction of the 
coronary microvasculature.

In some cases, there is obstructive athero-
sclerosis in one main coronary artery or multi-
vessel disease with stenosis < 75 %, but no 
evident scar. In this case, the histology shows 
multifocal replacement fibrosis, decrease of 
myocytes, and myocell changes indicative of 
chronic ischemia.

a b

Fig. 5.8 Histologic sample of left ventricle with typical distribution of fibrosis in healed infarction: exclusively suben-
docardial in a and transmural in b. Azan Mallory’s trichrome stain, digitalized slides

Fig. 5.9 Vacuolization of cardiomyocytes due to chronic 
ischemia resulting from progressive loss of individual 
myofibrils. Hematoxylin–eosin stain, original magnifica-
tion ×200
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5.2.4  Rare Conditions

Although coronary atherosclerosis is the main 
cause of IHD, it is occasionally possible to 
encounter non-atherosclerotic coronary artery 
disease, such as coronary dissection. This mainly 
affects young women and causes MI developing 
into chronic heart disease. In the native heart, the 
peculiar aspect is the histology of the coronary 
lesion, which presents the typical double lumen 
with neo-intima formation in the false lumen.

Another rare condition in the explanted heart 
is an acute myocardial infarction in cases of 
emergency transplantation following interven-
tional procedures.

Illustrative Case 1 (Fig. 5.10)

A 65-year-old man suffered an anterolateral 
myocardial infarction 7 years ago. He was 
found to have severe atherosclerotic coro-
nary artery disease of the main three coro-
nary arteries and underwent elective 
coronary artery bypass graft (CABG) sur-
gery. The left internal mammary artery 
(LIMA) was placed on the left anterior 
descending coronary artery (LAD) and a 
venous graft on the circumflex coronary 
artery and the posterior descending artery. 
Four years ago he again developed an acute 
coronary syndrome. On angiography the 

a b

c d

Fig. 5.10 Case 1. (a) Explanted heart with a large scar in 
the antero-lateral wall. Parts of the scar are transmural; the 
part in the anterior wall is mainly located in the subendo-
cardial region. Note the LIMA graft on the LAD. (b) 
Histology of the subendocardial scar with remodeling of 
the surrounding myocardium (Azan Mallory’s trichrome 

stain, original magnification ×25). (c) Stent in the LAD 
with in-stent neointima formation (Hematoxylin–eosin 
stain, original magnification ×25). (d) Distal part of the 
vein graft with intimal thickening and a thrombus in the 
lumen (Hematoxylin–eosin stain, original magnification 
×25)
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5.3  Myocardial Disease

5.3.1  Background and Incidence 
in Explanted Hearts

Myocardial diseases (MDs), i.e., cardiomyopa-
thies (CMPs), are the major reason for heart 
transplantation (HTx) in adults.

The International Society for Heart and Lung 
Transplantation (ISHLT) Registry shows that 
between 1982 and 2013, there were slightly more 
cases of CMPs than of coronary artery disease 
(CAD) (49 % vs. 43 %); the difference widens 
markedly if we consider only more recent years 
(2006–2013), when myocardial disease was 
clearly the most frequent (55 % vs. 36 %) of dis-
eases requiring transplant (Lund et al. 2014). 
This difference is even more marked if we con-
sider the geographical distribution of heart trans-
planted patients: in recent years in Europe and 
other areas, apart from the United States, CMP 
transplants number 57 % and 60 %, respectively 
(Lund et al. 2014), which could reflect different 
genetic and environmental factors that have a role 
in the origins of the diseases. In addition to the 
lower epidemiological frequency of CAD (see 
Sect. 5.2), this century has witnessed a sizeable 
increase in the spectrum of CMPs leading to 
transplant. While in the 1990s some specific 
CMPs – such as giant cell myocarditis, amyloi-
dosis (AL), dystrophinopathies – represented a 
contraindication or controversial indication to 
transplant, greater knowledge, from both research 
and day-to-day practice, of these pathologies 
now makes transplant possible.

The situation is very different in pediatrics: 
from birth to 1-year, congenital heart disease is 
the main indication for transplant; for older chil-
dren, CMPs rapidly increase as pathologies for 
transplant and, for ages 11–17 years, they account 
for as much as 66 % (Dipchand et al. 2014).

The term cardiomyopathy includes a broad 
and heterogeneous spectrum of myocardial dis-
ease, primary and secondary, familial/genetic 
and nonfamilial/nongenetic, idiopathic and 
acquired, so distinguishing among all these 
requires experience in the field. There have been 
many definitions and classification schemes of 

Key Points

Coronary arteries:

• Describe atherosclerotic plaques 
according to modified American Heart 
classification (Virmani et al. 2000), 
including the presence of lumen occlu-
sion or degree of stenosis.

• Carefully evaluate stents and coronary 
by-pass.

• Identify rarer disease.

Myocardium:

• Describe presence, extent, sites, and 
types of myocardial scars.

• Note ventricular remodeling.
• Evaluate type, extent, and sites of myo-

cyte and interstitial alterations.

proximal part of the left anterior descending 
revealed 100 % stenosis, whereas the cir-
cumflex showed a subtotal stenosis. In addi-
tion the proximal part of the vein graft also 
showed 100 % stenosis with retrograde fill-
ing from the anterolateral branch. He under-
went successful percutaneous transluminal 
coronary angioplasty (PTCA) with stenting 
of the proximal part of the LAD and cir-
cumflex coronary arteries. In the following 
years he developed severe heart failure with 
mitral valve insufficiency and underwent 
heart transplantation. The weight of the 
explanted heart was 460 g.

Dimensions of the heart:

• Left ventricle diameter: 7 cm
• Right ventricle diameter: 4 cm
• Left ventricle wall thickness: anterior 

1.2 cm, lateral 0.9 cm, posterior 1.4 cm
• Septum thickness: 1.2 cm
• Right ventricle thickness: anterior 

0.5 cm, posterior 0.3 cm
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CMPs over the years and the literature and text-
books often offer contradictory definitions, 
terms, and nosography. Only recently classifica-
tions that try to systemize this complex topics 
reflecting the impressive advances in knowledge 
and diagnosis of these diseases have been pro-
duced, although with different approaches 
(Elliott et al. 2008; Maron et al. 2006). 
According to the Position Statement from the 
European Society of Cardiology (ESC) (Elliott 
et al. 2008) we define CMP as “a myocardial 
disorder in which the heart muscle is structur-
ally and functionally abnormal, in the absence 
of coronary artery disease, hypertension, valvu-
lar disease and congenital heart disease suffi-
cient to cause the observed myocardial 
abnormality.” CMPs are grouped into specific 
morphological and functional phenotypes: 
dilated cardiomyopathy (DCM), hypertrophic 
cardiomyopathy (HCM), arrhythmogenic right 
ventricular cardiomyopathy (ARVC), restrictive 
cardiomyopathy (RCM), and unclassified car-
diomyopathy (UC) (Elliott et al. 2008). The aim 
of ESC classification scheme for CMPs is “to 
help clinicians look beyond generic diagnostic 
labels in order to reach more specific diagnoses 
that may be useful for tailored clinical manage-
ment of patients and their families” (Elliott et al. 
2008).

It is difficult to have general data on different 
types of transplanted CMPs, mainly because 
 pre-transplant clinical diagnoses are listed in 
broad categories and MDs are often simply men-
tioned as non-ischemic cardiomyopathy. The 
really few pathologic studies comparing clinical 
and histological diagnosis of explanted hearts in 
a meaningful number of cases demonstrate that 
CMPs are the group most prone to pretransplant 
misdiagnoses, especially in CMPs secondary to a 
specific disease (e.g. various types of myocardi-
tis, cardiac sarcoidosis) (Waller et al. 1998; 
Roberts et al. 2014a; Luk et al. 2009). This is 
partly the result of the habit of using pretrans-
plant EMB (see Chap. 6).

DCM, the most common CMP and the leading 
cause of end-stage heart failure, is the most fre-
quent clinical indication for orthotopic heart 
transplantation (c.a. 65 %) (Roberts et al. 2014b; 

Zhang et al. 2012). CMPs other than DCM lead-
ing to transplant are selected forms of HCM, 
arrhythmogenic cardiomyopathy (ACM), idio-
pathic RCM, left ventricular noncompaction 
(LVNC), myocarditis, and amyloidosis. For some 
of these, the data are limited to short series or 
single-center experiences. Single cases or limited 
case series of rarer CMPs or of CMPs restricted 
to endemic areas are also reported: sarcoidosis, 
storage disease, distrophinopathies, laminopa-
thies, rheumatic heart disease, eosinophilic endo-
myocardial disease, eosinophilic granulomatosis 
with polyangitiis, Chagas disease, etc.

First-year and long-term survival in adult 
patients with CMPs is higher compared to 
patients transplanted for CAD (Lund et al. 2014). 
Recent data indicate that ACM has excellent 
posttransplant survival and HCM better survival 
than ischemic heart disease; for RCM patients, 
the worse outcomes are in the post-chemotherapy/ 
radiotherapy form group (DePasquale et al. 
2014).

5.3.2  Specific Technical Pathology 
Points

5.3.2.1  Gross Examination
The approach to heart examination and especially 
sectioning and sampling should be guided by 
clinical history and diagnosis. Examination must 
be standardized and as detailed as possible.

Although the heart is quite frequently sent 
formalin-fixed, when it is available fresh, small 
pieces from the left ventricle (LV) should be 
frozen for possible molecular studies or be fixed 
in glutaraldehyde for ultrastructural examina-
tion (this last especially for suspected or previ-
ously diagnosed storage or mitochondrial 
diseases).

Apart from general details of native heart 
examination (see Appendix) and the more gen-
eral recommendations for processing surgically 
resected hearts laid down in guidelines of the 
Association for European Cardiovascular 
Pathology and the Society for Cardiovascular 
Pathology (Stone et al. 2012), the essential points 
for CMP specimens are the following:

5 Pathologies Encountered in Explanted Native Hearts
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• Weight, dimensions (longitudinal and trans-
verse), shape (“normal”, globular, conical, 
altered volumetric ratio between the ventri-
cles, possible aneurysms), amount, and distri-
bution of epicardial fat.

• Chamber sizes (normal, small, dilated).
• Thickness of free wall of both ventricles and 

the interventricular septum (IVS) (parietal 
myocardium, excluding trabeculae) at basal, 
mid, and apical levels. When significant dif-
ferences are present, thickness of various ven-
tricular walls should be measured.

• Gross appearance of the myocardium with 
detailed description of recent lesions, scars, or 
fibrosis, fatty or fibro-fatty replacement, spec-
ifying their extent (transmural, subendocar-
dial, mediomural, subepicardial) and location 
(anterior, lateral, posterior at basal, medium, 
and apical levels).

It should be noted that pathology examination 
of ventricle volumes and of myocardial thickness 
is conditioned by the non-physiological state of 
the heart, which is stiffened by formalin fixation 
or flattened when unfixed.

5.3.2.2  Sectioning
There are two main approaches for sectioning a 
heart affected by CMPs, using the echocardio-
graphic short axis or four-chamber cuts. In the 
short axis cut, serial transverse sections (i.e., per-
pendicular to the long axis of the heart) are 
obtained from the apex to the mid-ventricular 
level (or to the base as far as the apex of papillary 
muscles) at 1 cm intervals (Fig. 5.11a, b); the car-
diac basal segment can then be sectioned along 
its longitudinal axis. The second option is to per-
form an entire four-chamber section from the 
base to the apex along the acute and obtuse edges 
and the atrio-ventricular valves (Fig. 5.11c, d). 
The former method is better because the volume 
of ventricles and wall alterations can be assessed 
on different multiple planes; with the latter these 
alterations can only be assessed in a single cut.

Although significant coronary atherosclerosis 
is not usually present in native hearts with CMPs, 
careful examination of the coronary tree with 
serial sections is still good practice, at least in the 

proximal sites, especially in idiopathic DCM, 
where an occult CAD might be the underlying 
cause of the disease.

5.3.2.3  Sampling
Sampling for histological examination should be 
wide ranging and any minimalist approach 
should be avoided: currently histology is key to 
the study of CMPs in order to detect the various 
pathological aspects both in different types and 
within the same group of diseases and also to 
detail pathologic features of rare forms.

Standard sampling for CMPs should include 
the following:

• A complete section of the heart at mid- 
ventricular level (Fig. 5.12).

• One sample from the right ventricle (RV), two 
from the LV (anterior and inferior walls), and 
one from the IVS, all from both basal and api-
cal segments.

All the samples must be taken from the most 
altered areas and further significant specimens 
should be obtained from areas with clear-cut 
macroscopic alterations.

It is also recommended that representative 
specimens of the myocardium of the atrial cap, of 
any valve lesions and of coronary arteries be 
obtained.

5.3.2.4  Staining
Apart from the usual hematoxylin–eosin, stains 
for collagen and elastic fibers (Masson or Mallory 
trichrome, Movat pentachrome, Weigert–Van 
Gieson, etc.) should also be requested in represen-
tative sections.

When warranted by hematoxylin-eosin, fur-
ther additional stains and immunohistochemistry 
should be performed.

5.3.3  Pathologic Substrates

Of all cardiac diseases, CMPs, both common and 
rare forms, have probably benefited the most 
from the information obtained from pathologic 
study of native hearts.

O. Leone et al.
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Today identifying etiology is the main goal in 
CMPs and detailed pathologic examination of 
native hearts is a major step, both to confirm clin-
ical diagnosis and to identify specific forms, 
which were not clear enough before transplanta-
tion (Rapezzi et al. 2013).

As these are usually end-stage heart failure 
cases, the pathologic examination too may have 
significant limits in tracing back the etiology, 
especially in the most frequent group, DCMs, 
which cover various diseases and where patho-
logic findings too are usually non-specific.

In CMPs transplanted at earlier phases of the 
disease, the pathologic substrate can really iden-
tify the etiology (e.g. myocarditis) and so give 

detailed confirmation of the pretransplant clinical 
diagnosis or even modify it.

In other CMP groups, such as dilated end- 
stage HCM, ARCV, or specific CMPs, the role 
of pathologic examination is also to provide 
additional information on the pathologic sub-
strates underlying the diseases, so increasing 
knowledge of the pathogenesis and the 
phenomenology.

It should be emphasized that pathologic 
findings in chronic diseases differ from those of 
the active stage, so the pathologist must be 
aware of this and interpret subtle features in 
order to provide the fullest description of the 
disease.

a

c

b

d

Fig. 5.11 On the left diagram (a) an echocardiographic 
mid-short axis cut, and in diagram (c) an echocardio-
graphic four-chamber cut. On the right (b) and (d), the 

corresponding sections of native hearts. LA left atrium, LV 
left ventricle, RA right atrium, RV right ventricle, VS inter-
ventricular septum. Modified from Galati et al. 2016
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We will examine the pathological substrates 
of major groups/phenotypes of CMPs and of 
some specific forms.

5.3.3.1  Dilated Cardiomyopathy
Dilated cardiomyopathy is a melting-pot of a 
number of diseases including familial and 
acquired diseases. Familial forms (up to 35 % of 
patients) include variable pattern of inheritance, 
predominantly autosomal dominant and X-linked, 
autosomal recessive, or mitochondrial inheri-
tance. Secondary causes include nutritional defi-
ciency, endocrinopathies, systemic disease, 
cardiotoxic drugs, cardiac infective or immune 
inflammation at late stage, peripartum cardiomy-
opathy, and alcohol.

The majority of patients with dilated hearts 
are transplanted with the generic diagnosis of 
idiopathic DCM (c.a. 85 %), a diagnosis of exclu-
sion. The pathologic features of this group are 
not usually indicative of any specific disease: 
they are able to confirm the generic diagnosis of 
DCM but the only real way to reach a specific 

diagnosis is to carefully correlate pathological 
findings with clinical data. Moreover a consider-
able proportion of cases are probably genetic and 
the final diagnosis must combine clinical and 
genetic data, which entails a long and expensive 
diagnostic process, not yet always standard pro-
cedure, even in specialized centers.

In idiopathic DCM, the heart is increased in 
weight, enlarged, and globular with markedly 
dilated left ventricle or biventricular dilatation 
(Fig. 5.13a, b). The ventricular mural myocar-
dium is usually thinned, although it may be nor-
mal or thickened in some areas (Fig. 5.13b, c). 
Except for the typical thinning, the ventricular 
myocardium may be grossly normal in appear-
ance or show whitish fibrotic areas, variable in 
extent and irregularly distributed (Fig. 5.13d); the 
endocardium is thickened diffusely or irregularly. 
Minor changes or atherosclerotic plaques nar-
rowing the lumen for ≤50 % in cross-sectional 
area can be found in the major coronary arteries. 
When significant (≥75 %) atherosclerosis in one 
or more major epicardial branch is present, the 

Fig. 5.12 Sampling of ventricles and septum should be 
taken from the segments shown in the photo in order to 
enable correlation with echocardiographic or magnetic 

resonance images. LV left ventricle, RV right ventricle, VS 
interventricular septum. Modified from Galati et al. 2016.
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diagnosis of ischemic cardiomyopathy should be 
considered, both as first etiology of the disease 
and as a concurrent cause:

Histologic features are non-specific and 
mainly consist of fibrosis and myocyte chronic 
damage: their extent varies considerably and the 
severity does not usually correlate with clinical 
dysfunction. Interstitial (perivascular or peri-
myocyte) and replacement fibrosis is seen in 
variable degrees, diffuse or irregularly distrib-
uted (Fig. 5.14a, b); irregular fibrotic thickening 
of the subendocardium is also common. The 
most frequent myocyte alterations are variations 
in dimension, from true hypertrophy or simple 
increased size to attenuation; sarcoplasmic  

vacuolization/myofibril loss; foci of subendocar-
dial colliquative myocytolisis (Fig. 5.14c–f). 
Minor inflammatory cell infiltrates can be found 
in the myocardial interstitium. It is noteworthy 
that interstitial myocardial fibrosis is increasingly 
recognized as central to the pathogenesis of 
CMPs and there is research ongoing into identifi-
cation of specific patterns of fibrosis. For idio-
pathic DCM little data are available and there are 
various descriptions of fibrosis patterns; diffuse 
reactive (interstitial and/or perivascular) rather 
than  reparative (replacement); increasing in the 
left ventricular free wall from epicardium to 
endocardium; intramyocardial band-like with 
septal involvement (Fig. 5.14a).

a b

c d

Fig. 5.13 Macroscopy of idiopathic DCM. In typical 
idiopathic DCM the heart is very enlarged and shows a 
rounded apex (a). Biventricular dilatation is evident in b 
as well as marked thinning of LV mural myocardium. In c, 
the myocardium of LV is very thin in the inferior wall, less 
thinned in the antero-lateral and almost normal in the 
infero-lateral wall. LV myocardium may show focal sub-

endocardial and mural whitish areas (b) or be grossly nor-
mal (c); extensive whitish fibrotic areas mainly involving 
the mid LV and the IVS may be seen in post-inflammatory 
cases (d) (see section “Myocardites/Inflammatory CMPs/
Postmyocarditis DCM”). DCM dilated cardiomyopathy, 
LV left ventricle, IVS interventricular septum
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As mentioned, in a number of cases, etiology 
can be recognized by combining pathologic fea-
tures and clinical history (see below “Specific 
cardiomyopathies”) as well as pretransplant 
EMB findings.

5.3.3.2  Hypertrophic Cardiomyopathy
Historically, the term HCM identifies “sarcomere 
protein disease” and is defined as unexplained 
left ventricular hypertrophy in the absence of 
hypertension and valve disease. But the clinical 
phenotypic spectrum of an increased ventricular 
wall thickness (i.e. the hypertrophic cardiomy-
opathies) may be caused by an increase of left 
ventricular mass due to interstitial infiltration 
(amyloid) or intracellular accumulation of meta-
bolic substrates (storage disease) as well as to 
some mitochondrial disease. These possibilities 
must be excluded through appropriate diagnostic 
work-up.

HCM/sarcomeric protein disease is the most 
common genetically transmitted heart disease 
(≥13 genes encoding proteins of cardiac sarco-
mere) with tremendous phenotypic heterogeneity 

in its clinical expression, genetics, and  pathologic 
substrates. Heart transplantation is required in 
selected patients, prevalently those who have 
developed refractory end-stage heart failure with 
a hypokinetic and dilated left ventricle. Less fre-
quently do those with life- threatening arrhyth-
mias unresponsive to medical therapy need 
transplantation (Biagini et al. 2008).

The end-stage phase is a well-recognized part 
of HCM and its clinical profile is turning out to 
be more heterogeneous than expected: the preva-
lence, although varying in the literature, can be 
set around 5 % (Harris et al. 2006; Biagini et al. 
2005), while a paper using a large population of 
patients gives the incidence as 5.3 per 1000 
patient/years (Biagini et al. 2005).

The pathology of end-stage evolution is very 
interesting and differs from that of common 
HCM: its macroscopic spectrum shows three 
main patterns:

• Variable LV dilatation, depending on the distri-
bution of myocardial hypertrophy, which may 
persist markedly in the IVS and the LV lateral 

a b c

d e f

Fig. 5.14 The most frequent histologic alterations in 
idiopathic DCM are replacement intramyocardial band- like 
fibrosis of the septum (a: Azan Mallory trichrome; 100×) or 
interstitial perimyocyte fibrosis (b: in blue with Azan 
Mallory trichrome stain; 100×); variation in dimension of 

myocytes with hyperchromic and irregular nuclei (c, d: 
Hematoxylin–eosin 200×); progressive myofibril loss in 
myocells with sarcoplasmic vacuolization (e, arrow; hema-
toxylin–eosin 200×) or foci of colliquative myocytolisis (f: 
Hematoxylin–eosin 200×). DCM dilated cardiomyopathy
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wall and be associated with severe thinning of 
the anterior and posterior LV walls or of the 
anterior septum. White areas of scarring, some-
times transmural, are evident and mostly 
involve the IVS and the LV. RV may also be 
hypertrophic and show fibrotic areas 
(Fig. 5.15a).

• Persistent more diffusely distributed marked 
hypertrophy of IVS and LV with mild ventric-
ular dilatation. Wide areas of fibrosis are also 
seen in this pattern (Fig. 5.15b, c).

• Marked biventricular dilatation, irregularly 
alternating myocardial hypertrophy or thin-
ning (Fig. 5.15d).

The main histologic features are the following:

• Myocyte hypertrophy with bizarre enlarged 
nuclei.

• Multifocal myocyte disarray as in typical sar-
comeric HCM (Fig. 5.16a).

• Extensive areas of marked sarcoplasmic vacu-
olization at times resembling storage disease 
(Fig. 5.16b).

• Extensive interstitial fibrosis showing two 
main patterns:
 – Striking replacement fibrosis with a typical 

distribution (see below).
 – Interstitial perimyocytic fibrosis.

a b

c d

Fig. 5.15 Macroscopic spectrum of end-stage heart fail-
ure HCM. (a) Male transplanted at 47 years of age with 
LV dilatation, severe thinning of the anterior and posterior 
LV walls and hypertrophy of the lateral wall. The poste-
rior septum is hypertrophic and in lesser degree the ante-
rior. Fibrosis is extensive in midmural septum and in the 
posterior and anterior walls of LV with subepicardial–
mediomural distribution or transmural focal areas. (b) 
Heart of a young female transplanted at 23 years. Marked 
hypertrophy of the IVS, RV, and the lateral wall of the LV 
is evident together with thinning of the anterior and infe-

rior LV walls. LV cavity is mildly and irregularly dilated 
and extensive whitish areas of fibrosis are evident in the 
IVS and LV. (c) In the native heart of this 39-year-old 
male marked concentric hypertrophy of LV and IVS is 
present, associated with striking fibrosis, prevalently 
mediomural and irregularly subendocardial. The RV cav-
ity is dilated. (d) Explanted heart of a 41-year-old female 
with marked biventricular dilatation and irregularly alter-
nating myocardial hypertrophy or thinning. LV left ven-
tricle, RV right ventricle, IVS interventricular septum
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• Small vessel disease made up of several abnor-
mal intramural coronary arteries with thickened 
walls and narrowed/obstructed lumen due to 
intimal disease (eccentric or concentric hyper-
plasia of loose or mature fibrous tissue) or 
medial disease (hypertrophy with or without 
fibrosis of medial layer) or both, sometimes 
with hamartomatous appearance (Fig. 5.16c, d).

Pathogenetic mechanisms of dilated- 
hypokinetic evolution have been widely discussed 
in the literature and there is general agreement 
that small vessel disease is to be considered as one 

of the keys to myocardial ischemia- mediated 
myocyte death and ultimately to replacement 
fibrosis (Harris et al. 2006; Biagini et al. 2005; 
Maron et al. 2009).

Histologic examination of the hearts of 31 
patients transplanted for end-stage HCM at the 
Bologna center between 1991 and 2014 (19 males 
and 12 females; median age at transplant 
46.5 ± 11.9 years; 6.4 % of total heart transplanted 
patients) showed very marked intramyocardial 
fibrosis, interstitial perimyocytic or replacement or 
mixed, with certain prevalent patterns of distribu-
tion in the ventricular and septal walls (Fig. 5.17):

a b

c d

Fig. 5.16 Histology of end-stage HCM. A Multifocal 
typical myocyte disarray (a) is associated with large areas 
of sarcoplasmic vacuolization (b). Small vessel disease is 
always present, moderate to severe at this stage: image c 
shows combined intimal–medial disease with fibrous inti-

mal hyperplasia and hypertrophy of medial smooth mus-
cle cells; in image d, almost complete obstruction of the 
lumen is caused by marked medial hypertrophy and fibro-
sis. Mallory trichrome stain: a (400×); b (200×); c (400×); 
d (400×). Modified from Galati et al. 2016
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 1. Highest midmural distribution (33.4 %), with 
possible involvement of subepicardial 
(20.3 %) and subendocardial (20.2 %) layers, 
but never in isolation.

 2. Radial/circumferential distribution at midven-
tricular short-axis level with mostly affected 
LV inferior (24.3 % of total fibrosis) and 
antero-lateral (15.8 %) and anterior walls 
(11.9 %), and relatively spared infero-lateral 
wall (7 %). The septum is more homoge-
neously involved by fibrosis.

 3. Longitudinal distribution with evident base/
apex gradient pattern resulting in fibrosis nota-
bly increasing toward the apex (31.9 % ± 14.5 %, 
at base to 46.2 % ± 14.9 % at apex).

Pattern 1 sharply differentiates end-stage 
HCM from post-ischemic cardiopathy, where 
fibrosis is mainly subendocardial; pattern 3 dif-
ferentiates end-stage HCM from other CMPs 
(e.g. amyloidosis where amyloid deposits typi-
cally spare the apex).

a b

c d

Fig. 5.17 Types of fibrosis in specimens from LV (a, c) 
and IVS (b, d) in end-stage HCM cases. (a, b) Replacement 
fibrosis with mediomural/subepicardial distribution in LV 
wall (a) and mostly localized in the IVS midwall (b). 
Interstitial perimyocyte fibrosis with plexiform distribu-

tion around myocardial fibers (c). Severe small vessel dis-
ease in close relation with scar-like fibrosis: small arteries 
on the left show hamartomatous disorganization of the 
wall (d). Mallory trichrome stains. LV left ventricle, IVS 
interventricular septum. Modified from Galati et al. 2016

5 Pathologies Encountered in Explanted Native Hearts



62

Fibrosis is also present in RV, with an increas-
ing gradient toward the inferior wall (Galati et al. 
2016).

The most striking small vessel disease is typi-
cally seen in association with the most extensive 
areas of replacement fibrosis.

5.3.3.3  Restrictive Cardiomyopathy
Restrictive cardiomyopathy is a primary abnor-
mality of diastolic function characterized by ele-
vated ventricular filling pressures and relatively 
preserved systolic function. Restrictive ventricu-
lar physiology may occur in a wide range of dif-
ferent pathologies, so the term RCM includes 
idiopathic and familial forms or may result from 
various disorders.

Idiopathic RCM is a rare disease and should 
be considered only after carefully ruling out 
restrictive forms secondary to amyloidosis, sar-
coidosis, endomyocardial fibrosis, radiation/che-
motherapy, late stage of hypertrophic dilated, 
valvular, hypertensive and ischemic heart dis-
eases, carcinoid heart disease, scleroderma. 
Endomyocardial biopsy should be performed 
when diagnosing a patient with RCM because 
specific causes may need specific treatment or 
may change the indication to transplant (see 
paragraph 5.3.3.6).

The prevalence of heart transplantation for over-
all RCMs (idiopathic and secondary) in a large US 
cohort is 1.4 %, similar to HCM but significantly 
lower than DCM (De Pasquale et al. 2012).

Gross cardiac specimens of idiopathic form 
demonstrate typical bi-atrial enlargement with 
normal-sized or small ventricles and absent or 
mild hypertrophy (Fig. 5.18a, b). Prominent tra-
beculation may be present.

Although the histology is nonspecific, com-
monly found alterations are fibrous subendocar-
dial thickenings; marked interstitial fibrosis, 
increased myocyte dimension alternating with 
normal sized myocells; and areas of sarcoplasmic 
vacuolization (Fig. 5.18c). Myocyte disarray is 
not uncommon but unlike HCM involves bundles 
of myocytes rather than single fibers.

The patterns of fibrosis are little known: dif-
fuse perimyocytic fibrosis is most frequent, but 
replacement or band-like fibrosis has been 
described in the mediomural LV myocardium.

5.3.3.4  Arrhythmogenic Right 
Ventricular Cardiomyopathy/
Arrhythmogenic 
Cardiomyopathy

Arrhythmogenic right ventricular cardiomyopa-
thy is a progressive disorder of the cardiac mus-
cle, whose pathologic hallmark is fibro-fatty 
replacement of myocardium. Unlike the other 
wider phenotypic categories of DCM, HCM, and 
RCM, this histologic definition makes possible to 
confine the term ARCV to a specific form of 
CMP, although these pathologic abnormalities 
had also be found in some neuromuscular 
diseases.

a b c

Fig. 5.18 (a, b) Explanted hearts with idiopathic restric-
tive cardiomyopathy of two female patients (41 and 19 
years old). In both hearts bi-atrial enlargement is evident; 
ventricles are small in a and mildly dilated in b, where a 

Carpentier ring is placed in the tricuspid annulus. (c) The 
histologic picture shows marked interstitial fibrosis, vary-
ing myocyte size and sarcoplasmic vacuolization
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We think it is more correct to call this CMP 
“arrhythmogenic cardiomyopathy (ACM)” rather 
than ARVC because, although it came to light as 
a disease exclusively of the right ventricle, 
recently three different patterns have been recog-
nized: RV dominant disease, biventricular CMP, 
and LV dominant form (Sen-Chowdhry et al. 
2007). There are still numerous questions as to 
the etiopathogenesis of this interesting CMP and 
in spite of excellent research into its genetic ori-
gin, how defects in genes codifying for desmo-
somal proteins can cause massive and progressive 
fibro-fatty replacement of ventricular myocar-
dium is still underrecognized.

As in HCM the phenotype in native hearts dif-
fers from the clinical–pathologic profile of the 
disease in sudden death cases. The main indica-
tion for heart transplantation is end-stage heart 
failure and refractory ventricular arrhythmias 
account for a small number of patients.

Thanks to successful transplantation in 17 
patients in Bologna Transplant Centre, we have 
been able to analyze the pathology features of 
this end-stage subgroup, consisting in nine males, 
eight females, median age of 45.7 years (range 
24–64 years), representing 2.7 % of heart trans-
planted patients (Graziosi et al. 2013).

All the hearts had biventricular disease and 
were heavily dilated. RV involvement was always 
diffuse with transmural fibro-fatty replacement 
and typical inflow and outflow aneurysms in 
almost all cases; LV showed various degrees of 
involvement, mainly in the posterolateral wall; 
the IVS was almost always affected by the dis-
ease, predominantly in the posterior portion. 
Apical segments were involved in all cases. It 
should be noted that in some cases careful exami-
nation of LV is required, as findings may be atten-
uated. At histology, diffuse fibro-fatty replacement 
involved RV throughout the wall; LV was affected 
in multifocal areas with a prevalent pattern of 
fibrous replacement, mainly subepicardial/
mediomural and more focally transmural. Typical 
myocyte damage (hypertrophy, dysmetria, sarco-
plasmic vacuolization) was present in both ven-
tricles, multifocally in the LV (96 %) and diffusely 
in the RV (100 %). Lymphocytic infiltrates in 
both ventricles and IVS, with both active myocar-

ditis and quiescent patterns, were frequently seen 
(Fig. 5.19). It should be noted that four of these 
patients had previously been clinically diagnosed 
as suffering from idiopathic DCM.

5.3.3.5  Left Ventricular 
Noncompaction

Left ventricular noncompaction cardiomyopathy 
(LVNC), a disease characterized by prominent 
LV trabeculation and deep intertrabecular 
recesses (Jenni et al. 2007), is included in the 
ESC Position Statement under unclassified CMPs 
and is considered by the American Heart 
Association classification as primary genetic 
CMP. Its nosography is debated as it is unclear 
whether it is a separate, distinct CMP or a mor-
phologic trait common to various CMPs, most 
frequently DCM and sporadic in hypertrophic 
and restrictive phenotypes (Biagini et al. 2006).

Examination of explanted hearts mostly sup-
ports the second hypothesis of morphologic find-
ings common to a spectrum of CMPs: in some 
cases, often pediatric, the hypertrabeculation is 
very striking and remembers the structure of the 
embryonic heart; in other cases attenuated, partly 
due to the degree of ventricular cavity dilation.

In addition it should be noted that the ana-
tomic definition and parameters of this disease 
have never really been agreed on, so pathologists 
have continued with the echocardiographic crite-
ria (noncompacted portion of LV myocardium ≥ 
2 times as thick as the compacted portion) which 
are probably inadequate for pathologic analysis.

Further research is needed into this heteroge-
neous condition in order to define diagnostic cri-
teria and genetic substrates.

5.3.3.6  Specific Forms of 
Cardiomyopathies

Myocardites/Inflammatory CMPs/Post-
myocarditis DCM
In dilated hearts, several kinds of inflammatory 
process may be observed, occurring in various 
phases. In general, the incidence of myocarditis in 
the native hearts of transplant recipients has been 
reported to range from 1 to 8 %, with lymphocytic 
myocarditis as the most frequent form. Other rare 
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forms such as giant cell myocarditis (GCM), car-
diac sarcoidosis, or cardiac involvement in sys-
temic inflammatory disorders may be present, 
although in limited cases. There was at one time 
some concern about cardiac transplantation for 
myocarditis, but today this is largely accepted and 
current data on patients transplanted with lym-
phocytic myocarditis are promising in terms of 
rejection or death risk; for rare forms the data are 
still very limited (Moloney et al. 2005).

In post-lymphocytic myocarditis DCM, abnor-
malities vary depending on the stage of the dis-
ease, from nonextensive dilatation of ventricles 
in the subacute phase, sometimes with marbled 
aspect of the myocardium, to significant enlarge-
ment of the heart with irregularly distributed 
focal fibrotic areas, or very evident and extensive 

scars in the subepicardial-mediomural areas or 
transmural, with infarction-like distribution or 
not (Fig. 5.20).

Similarly, the histology can show a still active 
disease with multiple interstitial lymphocytic 
inflammatory infiltrates associated with myocyte 
damage or healing/healed myocarditis, where 
mild interstitial inflammation is associated with 
reparative changes ranging from loose granula-
tion tissue to replacement by collagenous scar 
tissue and associated chronic myocyte damage 
(post-myocarditis DCM) (Fig. 5.21).

GCM is a particularly malignant form of 
myocarditis, which leads to more pronounced 
pathological abnormalities in the heart, and 
both ventricles are often uniformly involved.  
In explanted hearts, the disease is commonly 

a
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Fig. 5.19 Explanted hearts of patients with end-stage 
biventricular arrhythmogenic cardiomyopathy. (a) 
Longitudinal cut of the heart of a 64-year-old male with 
massive involvement of the RV, where a significant aneu-
rysm of the RV outflow is emphasized by transillumina-
tion (asterisk). (b) Posterior view of a longitudinal cut of 
the native heart of a 27-year-old female, showing an aneu-
rysm of the RV posterior wall, typically localized below 
the tricuspid valve (asterisk); the LV lateral wall is multi-
focally involved by the disease with typical scalloped con-
tour of the myocardial wall. Histology reveals typical 

fibro-fatty replacement, originating from the subepicar-
dium and involving the LV midwall (c: LV specimen; 
Azan Mallory trichrome) and entire RV wall (d: Azan 
Mallory trichrome). (e) In this other case (34-year- old 
male) the LV is focally involved: in the anterior wall a 
subepicardial whitish fibrotic area is evident (red arrow) 
and in the infero-lateral wall subepicardial yellow foci 
(black arrows). (f) Histology of this case confirms that the 
LV involvement is limited but with the same distribution 
as in other cases. LV left ventricle, RV right ventricle
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found in the late healing or healed stage (still 
active on- going GCM has a significant chance 
of relapse in the transplanted heart) 
(Maleszewski et al. 2015; Cooper et al. 1997).

The ventricular walls are thin due to diffuse 
fibrous scarring, prevalently of the outer half of 
the myocardium, or even with a pseudo- infarction 
distribution; the typical polymorphous inflamma-
tion (numerous giant cells, lymphocytes or 
mononuclear cells, eosinophils and plasma cells) 
and the extensive myocardial damage of the acute 
phase are not seen and only a few giant cells or 
small areas of mild inflammation are scattered 
within wide areas of granulation tissue or of 
immature vs. mature replacement fibrosis (Fig. 
5.22 a–d). On occasion aspects of granulomatous 
inflammation may appear in the native heart 

probably as a result of immunosuppressive 
therapy.

Within inflammatory diseases, cardiac sar-
coidosis is probably the most frequently missed 
pre-transplant diagnosis and although there have 
been few cases, these could have benefit from 
more appropriate management in order to delay 
progression and timing of transplant. The heart 
shows marked ventricular cavity dilatation and 
focal but extensive scars, mainly subepicardial, 
in the free walls of both ventricles and in the IVS 
with thinning of the basal septum or the anterior 
LV wall. The septum is extensively involved from 
the base to the apex with scars limited to the mid-
wall or sparing the mid portions at various points 
(Strauss et al. 2011). At histology the typical non-
caseating granulomas with giant cells showing 

a b
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Fig. 5.20 Explanted hearts of patients with post-lympho-
cytic myocarditis DCM. (a) Macroscopic spectrum is evi-
dent: different degrees of ventricle dilatation, irregular 
thinning of myocardial walls with possible reactive hyper-
trophied myocardium areas (b: asterisk), irregularly dis-

tributed focal fibrotic areas (b: arrows), extensive 
subepicardial-mediomural replacement fibrosis (c: red 
arrows) or transmural scars (c: black arrows); infarction- 
like scar with parietal aneurysm (d: arrow)
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Fig. 5.21 Histology of post-lymphocytic myocarditis 
DCM. Histology reflects the varied macroscopic aspects: 
multiple foci of active interstitial lymphocytic inflamma-
tory infiltrates associated with myocyte damage (a, b: 
Hematoxilyn–eosin, 200×); foci of healing myocarditis 
with scant inflammation within reparative/granulation tis-
sue (c, d: Hematoxilyn–eosin, 200×); LV replacement 

transmural scar (e, Azan Mallory trichrome) and IVS 
mediomural replacement fibrosis (f, Azan Mallory tri-
chrome). The remaining myocardium shows chronic 
myocell damage (g: Azan Mallory trichrome, 100×). 
DCM dilated cardiomyopathy, LV left ventricle, IVS inter-
ventricular septum

Giant cell myocarditis

a b c d

e f g h

Sarcoidosis

Fig. 5.22 (a–d) Giant cell myocarditis. (a) Heart of a 
47-year-old male with LV dilatation, irregular myocar-
dium thickness and fibrous scars in the anterior and poste-
rior LV walls and in the mediomural IVS. (b) Native heart 
from a 40-year-old female with biventricular dilatation 
and antero-septal pseudo-infarction scar. Foci of inflam-
mation with few giant cells are present at histology in 
myocardial interstitium (c: Hematoxylin–eosin, 250×) or 
within interstitial fibrosis (d: Hematoxylin–eosin, 250×) 
or areas of granulation tissue and immature fibrosis (d: 
Azan Mallory trichrome, 200×). (e–h) Sarcoidosis. 

(e) Heart of a 35-year-old male with marked biventricular 
dilatation and thinning of RV and anterior and posterior 
LV walls as well as of anterior IVS; extensive whitish 
replacement fibrosis is evident. Histologic sections of IVS 
(f) and LV (g) specimens reveal large mediomural or sub-
epicardial areas of replacement fibrosis, highlighted in 
blue with Azan Mallory trichrome. In h a typical compact 
noncaseating granuloma with giant cells is shown 
(Hematoxylin–eosin, 400×). LV left ventricle, IVS inter-
ventricular septum
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asteroid bodies are localized within mature 
fibrous tissue along with viable myocytes and 
lymphocytic inflammatory infiltrates (Fig. 5.22e–
h) (Roberts et al. 2014b).

Although today the ISHLT does not consider 
sarcoidosis or other inflammatory CMPs associ-
ated with systemic diseases to be contraindica-
tions for heart transplantation, these patients 
require closer post-transplant follow-up due to 
the risk of disease recurrence and more frequent 
episodes of rejections.

Apart from other rarer forms of inflammatory 
CMPs, it should be remembered that histologic 
examination of explanted hearts can reveal hyper-
sensitivity myocarditis (HSM), usually not clini-
cally diagnosed before transplantation. First 
recognized by Gravanis et al. in 1991 (Gravanis 
et al. 1991), this disease affects some 3–7 % of 
transplanted patients and although it does not 
seem to influence post-transplant survival, it is 
associated with an increased frequency of acute 
cellular rejection (Kanai- Yoshizawa et al. 2013). 
Pathologists should be aware that HSM is conse-
quent on multiple drug therapy and is not usually 
the original disease of the native heart but a 
superimposed picture due to heart failure therapy. 
The most common histologic pattern is intersti-
tial or perivascular eosinophilic inflammatory 
infiltrates, associated to variable numbers of lym-
phocytes, macrophages, giant cells, neutrophils 
and small epithelioid granulomas, and the 
absence of significant myocardial necrosis or 
fibrosis.

CMPs Resulting from Chemotherapy or 
Radiotherapy
CMPs resulting from chemotherapy or radiother-
apy involve an important group of explanted 
hearts that share dilated or restrictive phenotypes, 
although numbers are limited as underestimated 
at initial diagnosis. At the Bologna Centre ten 
patients (seven women and three men; median 
age: 43.5 ± 14.4) underwent heart transplantation 
following chemotherapy or mediastinum irradia-
tion for lymphomas, acute lymphoblastic leuke-
mia, Ewing sarcomas, and breast cancer.

In actinic CMPs, pathologic findings are very 
clear and the hearts significantly altered: ventri-

cles may be dilated or show restrictive features, 
with various degrees of myocardium thinning or 
hypertrophy and marked subendocardial fibrosis. 
Organizing mural thrombi are frequently pres-
ent. Fibrosis is extensive, mainly subendocar-
dial, but also interstitial or replacement, and 
more prominent in LV lateral and anterior walls. 
Myocyte degenerative alterations, especially 
myofibril loss, are usually very marked; coro-
nary involvement concurs, both in subepicardial 
main branches, which can show fibrocalcified 
plaques severely narrowing the lumen, and 
microvessel loss, narrowing, and obstruction 
(Fig. 5.23).

In post-chemotherapy CMPs, pathologic find-
ings are more attenuated and less specific: fibro-
sis is less extensive and degenerative myocyte 
alterations more variable in degree.

In both types sparse lymphocytic infiltrates 
may be present and alterations of intramyocardial 
small vessels concur.

Apart from transplanted cases, this is a major 
group of CMPs caused by the toxic effects of 
many other drugs or agents. Cardiovascular 
pathologists should further research these dis-
eases, as they are frequently an unrecognized 
cause of sudden death.

Cardiac Amyloidosis
Cardiac amyloidosis is the prototype of infil-
trative cardiomyopathies. The general term 
amyloidosis covers a protein metabolic disor-
der and includes a number of heterogeneous 
diseases, characterized by extracellular depo-
sition of anomalous and insoluble fibrillary 
proteins, which alter the structure of tissues 
and organs involved and impair their function 
(Falk and Dubrey 2010). The term cardiac 
amyloidosis refers to the specific presence of 
amyloid deposits in the heart, both in systemic 
forms and in rarer localized ones. The pres-
ence and extent of cardiac involvement is 
highly variable: in some cases, cardiac local-
ization is the main cause of patient morbidity 
and mortality; in others it is only an incidental 
finding without any functional consequences 
(Garcıa-Pavıa et al. 2011; Rapezzi et al. 2009, 
2010).
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Pathologists usually encounter native 
explanted hearts with cardiac amyloidosis within 
combined organ transplantations: most fre-
quently heart–liver transplantation for hereditary 
transthyretin-related amyloidosis (ATTR) or 
heart transplantation combined with autologous 
peripheral blood stem cell transplantation in pri-
mary immunoglobulin light chain amyloidosis 
(AL) (see Chap. 23).

Macroscopically the heart is usually enlarged 
and stiffened: both atria are dilated, the RV is 
regular or slightly dilated, and the LV cavity may 
be normal or reduced. On the cut surface, the 
myocardium has a homogeneous waxy appear-
ance; more rarely large accumulations of amy-
loid are visible at macroscopy (Falk and Dubrey 
2010) (Fig. 5.24).

At histology amyloid appears as deposits of 
homogeneous and amorphous pink substance, 
which, when stained with Congo Red, is red- 
orange in color under ordinary light and has a 
typical green birefringence under polarized 
light, whose brightness may considerably vary 
depending on whether amyloid fibrils are 
formed from full-length proteins or from frag-
ments (Fig. 5.25a–c).

In the heart, deposits are localized in the myo-
cardial interstitium with two main patterns:

• Variably thin intercellular deposits around the 
myocytes (perimyocytic pattern) separating 
and compressing myocells (Fig. 5.25d, e).

• Nodular substitutive aggregates of varying 
size (nodular pattern) (Fig. 5.25f, g).

a b
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Fig. 5.23 Actinic CMP. (a) Explanted heart of a 56-year- 
old female treated with radiotherapy following breast can-
cer: LV shows diffused and marked subendocardial 
fibrosis causing restrictive physiology. (b) Actinic CMP 
of a 31-year-old female who underwent radiotherapy 
after lymphoblastic leukemia when she was a child of 4. 
The heart is dilated and marked biventricular trabecula-
tions are evident, along with diffuse LV subendocardial 
fibrosis. Some histologic findings in these CMPs: exten-
sive subendocardial fibrosis, sometimes with scarce lym-

phocytes. (c) Hematoxylin–eosin, 250×); interstitial or 
replacement fibrosis evident in the cardiac specimen of 
(d) (Azan Mallory trichrome) in the RV and LV anterior 
walls and in the septum; fibro-calcified plaque severely 
narrowing the lumen of a descending anterior coronary 
artery. (e) Hematoxylin–eosin); loose concentric intimal 
hyperplasia with severe stenosis of the lumen in an intra-
mural artery. (f) Hematoxylin–eosin, 400×). CMP cardio-
myopathy, LV left ventricle, RV right ventricle
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The subendocardium is frequently involved 
with nodular deposits; small intramyocardial ves-
sels may be involved (Fig. 5.25h, i) to varying 
degrees causing microinfarcts or resulting in a 
condition of chronic myocardial ischemia, even 

in the absence of significant interstitial involve-
ment. Surprisingly, subepicardial coronary arter-
ies are spared or only occasionally involved. 
Atrio-ventricular valve tissue is usually thick-
ened due to nodular deposits of amyloid.

a b

c d
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Fig. 5.24 (a, c) Amyloidotic cardiomyopathy in native 
hearts of two patients who underwent combined heart- 
liver transplantation for familial transthyretin-related sys-
temic amyloidosis. (a) Heart of a 60-year-old man with 
Gln89 mutation in transthyretin gene; (c) heart of a 
46-year-old man with Asn23 mutation in transthyretin 
gene. (e) Autoptic heart of a 56-year-old woman with 
monoclonal immunoglobulin lambda chain systemic 

amyloidosis. The three macroscopic transverse slices are 
compared with the same histologic macrosections stained 
with Azan Mallory trichrome, which highlights amyloid 
as bluish-gray deposits (asterisks). In the first heart (a, b), 
amyloid is diffusely distributed giving the waxy appear-
ance to the myocardium; in the other two (c, d and e, f ), 
amyloid is aggregated in larger nodules and masses, 
already evident at macroscopic examination
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A crucial point in the long and complex pro-
cess of diagnosis of cardiac amyloidosis, which 
lies beyond the aims of this chapter, is defining 
the type of amyloidosis, which conditions prog-
nosis and appropriate treatment, including the 
option of transplantation (Garcıa-Pavıa et al. 
2011). To help identify amyloid fibril types, 
pathologists can use antibodies directed against 
amyloid proteins with both immunohistochemi-
cal (both immunoperoxidase and immunofluo-
rescence) (Fig. 5.25j, k) and immunoelectron 
microscopic techniques. The results need to be 
carefully interpreted within the clinical–instru-
mental context; but due to sensitivity and speci-
ficity problems and technical and interpretative 
difficulties, referral centers are turning to 
highly sensitive methods, which combine laser 

microdissection of amyloid deposits from 
formalin- fixed paraffin-embedded samples and 
the analytical power of tandem mass spectrom-
etry–based proteomic analysis (Larsen et al. 
2015; Vrana et al. 2009).

Today native hearts with amyloid are increas-
ingly available and it is important to analyze 
these to obtain detailed information on distribu-
tion and patterns of amyloid deposition, to be 
correlated with clinical and imaging data (Leone 
et al. 2012).

Native Hearts and Genetic CMPs 
Associated with Systemic Muscle 
Disorders
Several inherited skeletal myopathies may be 
associated with cardiac myopathies leading to 
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Fig. 5.25 Histology and immunohistochemistry of amy-
loid. The interstitial amorphous amyloid deposits (a: 
Hematoxylin–eosin, 200×) acquire a typical green birefrin-
gence when Congo Red (b: 400×) is observed under polar-
ized light (c: 200×). (d–e) Perimyocytic pattern of amyloid 
distribution with varying degrees of intercellular deposits 
(Azan Mallory trichrome, 200×). (f–g) Nodular pattern of 

amyloid deposition (f: Hematoxylin-eosin 200×; g: Azan 
Mallory trichrome, 400×). (h, i): Vascular deposits of amy-
loid narrowing the lumen of the small intramyocardial 
arteries (h: Hematoxylin-eosin, 400×; i: Congo Red under 
polarized light, 100×). (j, k) Immunoperoxidase for amy-
loid showing transthyretin-positive deposits in j (200×), and 
immunoglobulin lambda chain positive deposits in k (200×)
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end-stage heart failure. Some of these CMPs are 
suitable for transplant.

The majority of available reports concern 
Becker’s muscular dystrophy (Komanapalli et al. 
2006), where mutations in the dystrophin gene 
can result in mild functional skeletal involvement 
and more profound myocardial involvement. 
Other sporadically transplanted cases concern 
Emery–Dreifuss muscular dystrophy, or also 
desmin- related cardiomyopathy (DRM) a clini-
cally heterogeneous group of diseases due to 
mutations in the intermediate filament desmin 
(DES) gene, characterized by progressive skele-
tal and/or cardiac myopathy with dilated, restric-
tive, and occasionally ACM-like phenotypes.

Hearts with Becker and Emery–Dreifuss 
muscular dystrophy share the DCM phe-
notype with wall thinning: histology shows 

profound alterations alternating extensive 
replacement fibrosis with fibro-fatty replace-
ment of myocardium of both ventricles, mim-
icking ACM. Myocytes are diffusely altered and 
show hypertrophy, attenuation, irregular nuclei, 
sarcoplasmic vacuolization, and myofibril loss 
(Fig. 5.26).

In Fig. 5.27, the heart of a 31-year-old female 
transplanted for DCM as a consequence of a 
mutation (Leu183Pro) in lamin A/C proteins is 
shown. The heart is enlarged, LV dilated and 
ventricular wall thinned. Histology is non-spe-
cific and shows interstitial perimyocytic fibrosis, 
prevalently in the subendocardium, to various 
degrees associated to fibrous thickening of the 
endocardium and to areas of replacement fibro-
sis. Myocytes are increased in size and show 
marked nuclear contour irregularity. Mutations 
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Fig. 5.26 Explanted heart of a 40-year-old male affected 
by Becker disease. (a) Left ventricle is very enlarged and 
shows marked trabeculations and subendocardial fibrosis. 
Ventricle walls are thinned and areas of fibro-fatty replace-
ment starting from the subepicardium and progressing 
towards the endocardium are evident in both ventricles. 
(b) A detail of the posterior view of the right ventricle 
highlights a localized area below the tricuspid valve where 
myocardium is totally absent and replaced by fatty tissue 
(asterisk) like the aneurysms described in ACM. (c, d) 
Histology shows extensive fatty and/or fibro-fatty replace-

ment of myocardium in both ventricles and marked tra-
beculations (c, specimen from LV, Azan Mallory 
trichrome; d: specimen from RV, Hematoxylin–eosin). (e) 
High power reveals interstitial fibrosis, and hypertrophy, 
attenuation, sarcoplasmic vacuolization and myofibril loss 
of myocytes (Azan-Mallory trichrome, 250×). (f) 
Immunohistochemistry for dystrophin shows the altered 
labeling of myocyte sarcolemma ranging from irregular 
and fragmented to diminished to absent (250×). ACM 
arrhythmogenic cardiomyopathy, LV left ventricle, RV 
right ventricle
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in the LMNA gene produce several distinct syn-
dromes (Charcot–Marie–Tooth disease type 2, 
mandibuloacral dysplasia, familial partial 
lipodystrophy- Dunnigan type, restrictive der-
mopathy, and premature aging syndromes) as 
well as CMPs.

In this group, a potential role for immunohis-
tochemistry (IHC) is emerging although stan-
dardization is still to come. The most documented 
use of immunohistochemical tests is for dystro-
phin, where antibodies are commercially avail-
able for both paraffin and frozen tissues 
recognizing three epitopes of the molecule 
(COOH-terminal; NH2-terminal, rod-domain). In 
Becker MD, labeling of myocyte sarcolemma 
with dystrophin antibodies is markedly altered 
and ranges from irregular and fragmented to 
diminished to absent (Fig. 5.26f). Similar results 

are evident with anti-lamin A/C antibody, which 
show absent or irregular perinuclear labeling 
(Fig. 5.27e). MD myocardia disease.

Anti-emerin antibody is also available for rou-
tine use, whose normal continuous labeling 
around nuclei is completely lacking in affected 
cases. The desmin antibody can show positive 
aggregates of the protein in the myocyte sarco-
plasm of affected cases.

Native hearts should ideally be used for 
detailed study and validation of the diagnostic 
use of IHC in EMB.

Other Cardiomyopathies
Other CMPs are more rarely transplanted, such as 
non-tropical eosinophilic endomyocardial fibrosis 
(Loeffler disease) (Fig. 5.28a, b) or peripartum 
cardiomyopathy (PP-CMP) (Fig. 5.28c, d).

a b
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Fig. 5.27 Heart of a 31-year-old female transplanted for 
cardio-laminopathy (Leu183Pro mutation in lamin A/C 
proteins). On the anterior view the heart is markedly 
enlarged (a) and the short-axis cut shows a severe dilation 
of LV; marked trabeculation of RV and mild thinning of 
both ventricular walls (b). Histology shows a specific 
findings: interstitial perimyocytic fibrosis (c, Azan 

Mallory trichrome, ×400), increased size of myocells and 
marked nuclear contour irregularity (d, Hematoxylin–
eosin, ×400). Immunohistochemical staining with anti-
lamin A/C antibody shows absent or irregular perinuclear 
labeling (e, ×400) compared to a normal control (f, ×400). 
LV left ventricle, RV right ventricle

O. Leone et al.



73

PP-CMP is idiopathic heart failure occurring 
during the last month of pregnancy or the first 5 
months postpartum, whose incidence is high in 
developing nations: nearly 25 % of patients 
require heart transplantation (Rasmusson et al. 
2012). Macroscopic findings may vary consid-
erably from significant DCM with marked 
biventricular dilatation and ventricular myocar-
dial thinning to less dilatation and irregular ven-
tricular wall thickness. In this CMP, histology is 
non-specific: fibrotic subendocardial thickening 
and irregularly distributed interstitial fibrosis – 
sometimes very extensive – may be seen. 
Myocytes reveal various non-specific alterations 

indicative of remodeling (hypertrophy or atten-
uation) or myofibril loss. Scant interstitial lym-
phocytic infiltrates are frequently seen, focally 
associated with myocell damage. Graft failure 
and death are more frequent in this type of 
patient because of higher allosensitization, 
higher pretransplant acuity and increased rate of 
rejection.

It should be noted that Chagas’ cardiomyopa-
thy is the third leading indication for heart trans-
plantation in Brazil; given the severe prognosis of 
the disease, transplantation is really the only 
therapeutic option for these patients (Bocchi and 
Fiorelli 2001).

a

c d

b

Fig. 5.28 (a, b) Heart of a 43-year-old male with non-
tropical eosinophilic endomyocardial fibrosis (Loeffler 
disease) in chronic stage. On transverse mid-section the 
left ventricular cavity is almost occluded by an organized 
thrombus, with many calcified areas. Histology showed 
diffuse and marked subendocardial fibrous thickening due 
to the organization of the thrombotic material. The myo-

cardium was characterized by nonspecific alterations such 
as mild interstitial fibrosis and myocytes of various sizes. 
(c, d) Heart of a 37-year-old female who developed peri-
partum cardiomyopathy 1 month after the birth. The heart 
weighted 290 g. and was dilated: transverse cut shows 
marked biventricular dilatation with severe thinning of 
ventricular walls
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Pediatric Cardiomyopathies
In pediatric cardiomyopathy morbidity and mor-
tality are high and these diseases are the most 
common cause of a heart transplant in children 
older than 1 year (Lipshultz et al. 2013).

The North American Pediatric Cardio-
myopathy Registry (PCMR), one of the largest 
cohorts, recognized various types of cardio-
myopathies in several thousand children over 
the past two decades (Lipshultz et al. 2003). 
Cardiac transplantation remains the only defini-
tive treatment for children with DCM progress-
ing to end-stage heart failure and, in this group, 
PCMR identified a specific cause in 34% of 
cases.: postmyocarditis,  neuromuscular dis-
orders, familial cardiomyopathies, and inborn 
metabolism errors (Harmon et al. 2009). RCM 
is the least common pediatric cardiomyopathy 
phenotype (around 4.5 %) and has the poor-
est prognosis. The majority of patients die or 

undergo cardiac transplantation within a few 
years of diagnosis, although criteria for listing 
these children for heart transplantation are not 
generally agreed.

In Fig. 5.29, the explanted heart of a 3-year- 
old female transplanted with clinical diagnosis of 
“Concentric hypertrophic cardiomyopathy with 
restrictive ventricular filling pattern”. Metabolic 
study protocol identifies only a partial reduction 
of complex III enzymes of mitochondrial respira-
tory chain. The heart was enlarged, weight 90 g 
and was 5.3 cm along the longitudinal diameter 
and 5.7 cm along the transverse one. On the ante-
rior view, we see the removal of semilunar valves 
for the valve tissue bank and on the posterior 
face, LV is larger than the right, whose apex 
reaches the mid-portion of the heart. On the lon-
gitudinal cut this discrepancy is very clear: the 
RV is small, its cavity is almost inexistent, and it 
appears to be an accessory chamber. The IVS is 

a b

Fig. 5.29 Native heart of a 3-year-old female trans-
planted with clinical diagnosis of “Concentric hypertro-
phic cardiomyopathy with restrictive ventricular filling 
pattern” and the final pathologic diagnosis of unclassifi-
able cardiomyopathy with mixed pattern: biventricular 

hypertrophy, restrictive characteristic and marked trabec-
ulation of the left ventricle. (a) Anterior view of the heart. 
(b) Entire longitudinal cut clearly showing different sized 
ventricular cavities
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markedly hypertrophic (maximum thickness of 
1.5 cm at the medium third) and extensive fibro-
sis is present; the LV shows dilated cavity with 
marked trabeculations in the mid-apical portion 
and irregular thickness of the parietal myocar-
dium, hypertrophied in the basal segments 
(1.4 cm) and thinned out in the inferior third. The 
right ventricular myocardium has irregular thick-
ness and shows diffuse trabeculation. Histology 
revealed diffuse endocardial and interstitial fibro-
sis, this last pericellular, perivascular, and substi-
tutive. Myocardial disarray was evident and 
myocells showed focal hypertrophy, various 
degrees of sarcoplasmic vacuolization, and sub-
endocardial myocytolisis. Pathology diagnosis 
was of unclassifiable CMP with mixed pattern: 
biventricular hypertrophy, restrictive characteris-
tic and marked trabeculation of the left ventricle.

5.3.4  Pre- and Post-transplant 
Diagnosis

In conclusion it should be emphasized that the 
congruity or discrepancy between clinical pre-
transplant diagnosis and pathologic diagnosis at 
post-transplant examination of CMPs depends on 
many factors:

• The period of transplant (pre-2000 or post- 
2000): in recent years there has been a greater 
clinical interest in the etiology of cardiac 
disease.

• Whether the transplant center has a referral 
center for CMPs in general or for some spe-
cific forms.

• Whether the center usually includes EMB in 
the work-up for CMPs, according to the recent 
guidelines (Rapezzi et al. 2013) which suggest 
tissue evaluation and genetic tests in selected 
cases, in order to reach a comprehensive 
diagnosis.

• Availability of specialized cardiovascular 
pathologists able to give detailed diagnosis in 
this complex field.

Illustrative Case 2 (Figs. 5.30–5.31)

Two very interesting complex cases involv-
ing two first-degree female family mem-
bers are described to exemplify the 
approach to cardiomyopathies. The main 
diagnostic hypotheses to consider in such 
cases include sarcomeric HCM, Anderson–
Fabry disease, glycogen storage diseases, 
and mitochondrial disease.

A woman and her daughter with similar 
HCM phenotypes progressed to LV sys-
tolic dysfunction and underwent heart 
transplantation at the age of 47 and 23, 
respectively, with the diagnosis of “sarco-
meric” HCM with end-stage evolution.

The mother’s medical history started at 
age 35 years and the daughter’s at 7 years, 
when she was completely asymptomatic 
but underwent familiar screening.

The main clinical findings of both cases 
are shown here.

Clinical 
findings

Mother, 35 
years of age Daughter

Echocar-
diography 
findings

LV 
hypertrophy 
(14 mm); 
LV 
enlargement 
(end-
diastolic 
diameter: 
56 mm); 
LVEF: 30 %; 
relative wall 
thinning at 
the basal 
segment of 
the IVS with 
marked 
akinesia

At 7 years of age 
extreme LV 
hypertrophy 
(maximal wall 
thickness: 
16 mm); normal 
ventricular cavity 
(end- diastolic 
diameter of 
35 mm); LVEF: 
78 %; relative 
wall thinning at 
the basal IVS 
with 
hypoakinesia
At 23 years of 
age thinned LV 
walls and LV 
enlargement 
(end-stage 
evolution); 
thinning of the 
basal IVS still 
evident
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Clinical 
findings

Mother, 35 
years of age Daughter

Extracar-
diac/
multisys-
temic 
manifesta-
tions (renal 
insuffi-
ciency, 
acropares-
thesias, 
angiokerato-
mas, 
neurologi-
cal-musculo-
skeletal or 
ocular 
involvement)

Absent Absent

Mode of 
transmission

Autosomal dominant. 
Autosomal recessive form and 
matrilinear/mitochondrial 
inheritance unlikely X-linked 
inheritance excluded

Most likely 
clinical 
diagnosis

Sarcomeric HCM in end stage

Pathology of the explanted hearts. 
Mother’s heart weighted 510 g and was 
enlarged and rounded (Fig. 5.30a). The 
short axis slice at mid-ventricular level 
showed LV dilatation and LV hypertrophy 
pattern characterized by hypertrophy of the 
septum, mildly hypertrophied areas in the 
antero-lateral wall, and thinned areas in the 
posterior wall. The anterior right ventricu-
lar wall was also hypertrophic (Fig. 5.30c).

Daughter’s heart weighted 490 g and 
was less enlarged and less rounded at the 
apex (Fig. 5.30b). At the transverse mid- 
ventricular cut marked LV hypertrophy 
(maximum wall thickness of 25 mm at the 
level of the septum), mildly hypertrophied 
areas in the antero-lateral wall, thinned 
inferior wall, and diffuse hypertrophy of 
the right ventricular myocardium were evi-
dent (Fig. 5.30d).

At histology, extensive fibrosis through-
out the septum and the LV was present in 

both hearts (Fig. 5.31a, b). In the mother, 
fibrosis was prominent in the anterior LV 
wall (with transmural areas of replacement 
fibrosis) and in the LV inferior wall with 
subepicardial/mediomural distribution; in 
the septum it was discontinuous and medio-
mural. In the daughter, fibrosis was more 
extensive and circumferentially distributed 
throughout the LV, mainly with subepicar-
dial–mediomural distribution and transmu-
ral replacement fibrosis in a very thinned 
inferior area; in the hypertrophied septum, 
fibrosis was significant, continuous, and 
mediomural. The extent and distribution of 
fibrosis are also evident in the macroscopic 
transverse sections (Fig. 5.30c, d) as whit-
ish areas.

Other histologic findings common to 
both hearts were myocyte hypertrophy and 
multiple myocardial disarray (Fig. 5.31c, d), 
extensive and marked myocyte sarcoplas-
mic vacuolization (Fig. 5.31e), and mild to 
moderate small mural vessel disease 
(Fig. 5.31f).

Although hypertrophic vacuolated myo-
cytes are usual in end-stage HCM, the 
widespread vacuolization present in these 
cases could suggest a diagnosis of glyco-
gen storage disease: periodic acid Schiff 
(PAS) and PAS-diastase stainings revealed 
no glycogen storage; ultrastructural exami-
nation showed no intracellular accumula-
tion substances, electron dense concentric 
lamellar bodies (as in Anderson–Fabry dis-
ease) or significant mitochondrial prolifera-
tion or inclusions and giant mitochondria 
typically seen in mitochondrial CMPs. All 
these findings are largely consistent with the 
diagnosis of sarcomeric end-stage HCM.

Genetic analysis was performed on 
samples of both blood and explanted hearts 
with the same results, testing eight sarco-
meric genes (MYH7-myosin heavy chain 
7; MYBPC3-myosin binding protein 3; 
TNNT2-Troponin T type 2; TNNI3-
Troponin I type 3; TPM1-tropomyosin 
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Mother’s heart

a b

c d

Daughter’s heart

Fig. 5.30 Illustrative case 2. Macroscopic aspects of the explanted hearts. (a, b) Anterior view of the hearts. (c, d) 
Transverse short axis slices

alfa1; ACTC1-actin alpha cardiac muscle 
1; MYL3-myosin essential light chain; 
MYL2-myosin regulatory light chain), and 
three metabolic genes (GLA-alpha-
galactosidase A; LAMP2-lysosome associ-
ated membrane glycoprotein 2; 
PRKAG2-AMP activated protein kinase).

In the mother two new mutations of 
uncertain significance were found: p.

Thr106Ile in MYL3 gene and p. Gly80Val 
in LAMP2 gene; in the daughter none.

These mutations are of uncertain patho-
genetic significance as they have not been 
previously described in literature: the muta-
tion in MYL3 gene could be related to a 
sarcomeric HCM with an autosomal domi-
nant inheritance, while the mutation in the 
LAMP2 gene may correlate with a lyso-

5 Pathologies Encountered in Explanted Native Hearts



78

a

d e f

b c

Fig. 5.31 Illustrative case 2. Histologic findings. (a, b) 
Marked extensive fibrosis (Azan Mallory trichrome, 
100×); (c, d) myocyte Hypertrophy and myocardial disar-
ray (Hematoxilyn–eosin, 400×); (e) myocyte sarcoplas-

mic vacuolization (Azan Mallory trichrome, 200×); (f) 
moderate parietal thickening of small mural artery due to 
intimal hyperplasia and medial hypertrophy (Azan 
Mallory trichrome, 200×)

Key Points

• Familiarity with the disease, epidemiol-
ogy, and clinics.

• Familiarity with indications to trans-
plant various forms of CMPs.

• Accurate macroscopic examination: try 
to recognize the macroscopic phenotype 
of the disease through examination of 
relative volumes of cardiac chambers, 
thickness of myocardium, and macro-
scopic lesions.

• Sectioning the heart appropriately to the 
disease (short-axis vs. four chamber 
cuts).

• Careful examination of coronary arter-
ies in order to exclude unrecognized pri-
mary or concurrent ischemic 
cardiopathy.

• Adequate and standardized sampling.
• Histology:

somal glycogen storage diseases (Danon 
disease) with an X-linked inheritance.

Conclusion: These two cases well illus-
trate the complexity of some CMPs and the 
importance of a complete diagnostic 
work-up.

The similar HCM phenotypes with 
progression to LV systolic dysfunction 
with superimposable pathologic findings 
in these two first-degree female family 
members associated with a probable auto-
somal dominant inheritance could sup-
port a final diagnosis of “sarcomeric 
HCM” with end-stage evolution, although 
genetic analysis failed to confirm this 
diagnosis.

It should be noted that genetic screen-
ing is an essential tool in CMPs, espe-
cially in HCM, but diagnosis cannot rely 
on it alone.
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5.4  Heart Valve Disease

5.4.1  Background and Incidence 
in Explanted Hearts

Heart valve disease (HVD) is a large chapter of 
cardiac disease, and although less frequent than 
coronary artery disease or hypertension, it is still 
quite common and continues to be a major cause 
of morbidity. It includes many and different 
forms (Fig. 5.32):

• Congenital disorders: ranging from very rare 
diseases (e.g. unicommissural aortic valve or 
congenital pulmonary stenosis) to less rare 
forms (Ebstein anomaly of the tricuspid 
valve –1 % of congenital heart disease overall) 
and to the common bicuspid aortic valve, 
whose prevalence is 1–2 % of the general pop-
ulation (see also Sect. 5.5).

• Disease associated to genetic disorders (e.g. 
Marfan or Ehlers–Danlos disease).

• Primary and secondary acquired disease. In 
primary forms intrinsic anatomic alterations 
affect the valves themselves or the “valve com-
plex” (annulus, leaflets and commissures, sub-
valvular apparatus) (Fig. 5.33): the most 
frequent etiologies are myxomatous degenera-
tion, rheumatic valve disease, infective 
 endocarditis, degenerative age related pro-
cess – such as mitral valve calcification or 

senile calcific aortic stenosis – non-bacterial 
thrombotic endocarditis. Secondary forms are 
associated to other cardiac diseases, mainly 
ischemic heart disease or dilated cardiomyopa-
thy: valve tissue and valvular apparatus are not 
significantly altered and valve dysfunction is 
related to modified geometrical relationships 
between the myocardial disease and the valve 
apparatus.

Due to valve anatomy or structure, each is 
designed to ensure optimal function, and/or to 
hemodynamic reasons, some etiologies are more 
common in left-sided valves (degenerative, rheu-
matic forms), others are specific to right-sided 
valves (carcinoid heart disease).

In industrialized countries, the degenerative 
valve diseases are the most common as a result of 
increasing longevity, coupled with a background 
incidence of rheumatic and infective endocardi-
tis, whereas in developing countries patients are 
mainly affected by inflammatory (principally 
rheumatic) diseases.

Despite the epidemiologic importance of 
HVD there are few registers unlike for other 
major heart diseases. A European prospective 
survey conducted around 10 years ago on 5000 
adult patients with HVD found that the most fre-
quent origin is degenerative, especially causing 
aortic stenosis and that patients are mostly elderly 
and with a number of risk factors and comorbidi-
ties (Iung et al. 2003).

HVD is an infrequent indication for HTx and 
accounts for only a minor percentage of heart 
transplanted patients. The ISHLT Registry data 
show that between 1982 and 1999 the percent-
age of patients transplanted because of HVD 
was 4 %; in more recent years (2000–2015) it 
has fluctuated between 2 and 3 % (Fig. 5.34).

This low percentage is also due to progressive 
improvements in surgical replacement and repair 
and to the new percutaneous techniques for 
 treating cardiac valve disease (catheter-deployed 
bioprosthetic valve inserted percutaneously in 
the aortic position; coated metallic clip devices 
applied to mitral leaflets).

When HTx is considered in patients with 
severe HVD, the outcome of valve surgery and 

 – Check for a specific etiology by 
studying myocardium alterations, 
extent, and distribution of fibrosis 
(usually chronic and not active dis-
eases), intracellular or interstitial 
deposits, presence and type of 
inflammatory infiltrates.

 – Detailed knowledge required of sub-
tle histological features, which can 
help in distinguishing various CMPs.

• Fully describe all features in order to 
collect data and correlate pathologic 
findings with clinical data.
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a b

c d

Fig. 5.32 Surgical valve specimens. (a) Unicommissural 
aortic valve with whitish thickened tissue and focal ero-
sion in the leaflet (ventricular view). (b) Bicuspid aortic 
valve. The two leaflets are markedly thickened and show 
multiple calcific nodules; median rafe is present in the 

greatest cusp. (c) Chronic rheumatic mitral valve disease 
with leaflet fibrosis, commissure fusion, calcification and 
chordal thickening. (d) Floppy mitral valve with signifi-
cant myxomatous degeneration of the anterior leaflet

a b

Fig. 5.33 The “valvular complex” of atrioventricular 
valves includes the annulus, the leaflets and commissures, 
the subvalvular apparatus, chordae tendineae and papil-

lary muscles, and atrial and ventricular myocardium. (a) 
Posterior view of a longitudinal cut of the heart. (b) 
Atrioventricular valvular complex viewed from the atria
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interventional techniques should be weighed 
against that of heart transplantation (Costanzo 
et al. 1995).

However, HTx must be considered when the 
disease progresses beyond the point where other 
therapies are effective and patients develop end- 
stage valvular cardiomyopathy with a life 
expectancy of a few months (Pellegrini et al. 
2012).

5.4.2  Specific Technical Pathology 
Points

Native hearts with end-stage valvular cardiomy-
opathy usually include prosthetic valves or, in the 
mitral and tricuspid positions, annuloplasty rings: 
when encountered these should be evaluated in 
situ in order to recognize type and note any 
complication.

Pathology examination of hearts with valvular 
disease is the same as for hearts with myocardial 
diseases and has been treated in depth in 
Sect. 5.3.

In our case, the best approach for sectioning 
the heart is to perform the echocardiographic 
short axis cut, i.e. to obtain serial transverse sec-
tions (i.e. perpendicular to the long axis of the 

heart) from the apex to the mid-ventricular level 
at 1 cm intervals (for details and figures see 
Sect. 5.3). In this way prosthetic atrioventricular 
valves can be examined from the atrial view and, 
after the heart has been sectioned, from the ven-
tricular view (Fig. 5.35).

When an aortic valve prosthesis is present, it 
can be easily examined from the aortic view and, 
if necessary, from the ventricular side by opening 
the outflow tract of the left ventricle basal seg-
ment along the anterior surface (Fig. 5.36).

Sampling and staining follow the scheme for 
cardiomyopathy; when biological prosthesis are 
present valve leaflets can also be sampled.

5.4.3  Pathologic Substrates 
in Native Hearts 
and in Surgical Valve 
Specimens

Owing to significant improvements in valvular 
surgery, new technology for treating cardiac 
valve disease and advances in pre-operative and 
post-operative care, an increasing number of 
patients – many of them elderly – undergo valve 
replacement or repair procedures. Consequently, 
today, at autopsy the pathologist rarely encounters 

Valvular heart disease
4 %

3 % 3 % 3 % 3 % 3 % 3 % 3 %

2 %

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

2 % 2 %

3 % 3 % 3 % 3 % 3 % 3 %

Fig. 5.34 Percentages of valvular heart disease in native hearts 1999–2015 (Data from the ISHLT Registry)
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valvular heart disease that has followed its natu-
ral course, but ever more frequently examines 
surgical specimens of diseased valves. Those 
native hearts with end-stage valvular cardiomy-
opathy allow the pathologist to study structural 
alterations of ventricles due to myocardial 
remodeling consequent on the underlying valve 
disease before valve surgery, late degenerative 
alterations in leaflets of bioprosthetic valves, as 
well as tissue reaction around sutures of ring 
prosthesis.

Thus, as in other fields of cardiovascular 
pathology, pathologic valve examination has pro-
gressed from autopsy to surgical pathology, and 
enriched the pathological perspective with 
detailed histological study. This passage from 
macrostructure to microstructure has led to an 

even better understanding: the relationship 
between valvular tissue framework and function, 
how valvular tissue components react to damage, 
the pathological substrates and the mechanisms 
of valvular dysfunction and the relationships 
between molecular, cellular, and morphological 
aspects. All in all the fullest understanding so far 
of heart valve biology and pathobiology. All 
valve diseases place a hemodynamic burden on 
the left and right ventricles: the general changes 
in myocardial structure and function in response 
to stimuli that accompany valvular dysfunction 
are known as remodeling. At tissue level, the pro-
cess of myocardial remodeling includes molecu-
lar and cellular changes and alterations in gene 
expression leading to hypertrophy of individual 
myocytes, death of some myocytes by apoptosis, 

a b

Fig. 5.35 Mitral mechanical prosthesis from the atrial view (a) and the ventricular view (b) (arrows)

a b c

Fig. 5.36 (a, b) Aortic view of mechanical bileaflet prosthesis in aortic position. (c) Scheme showing the outflow tract 
of the left ventricle (arrow) to be opened to evaluate the inferior side of aortic prosthesis
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hyperplasia of interstitial cellular components, 
and changes in both the quantity and quality of 
the extracellular matrix (Yacoub and Cohn 
2004a, b).

Valve prostheses encountered in native hearts 
can be mechanical or biological tissue valves. 
The most frequent mechanical valves are bileaflet 
tilting disc type. Bioprosthetic valves are either 
xenografts or homografts. Xenografts are made 
from animal tissue (usually porcine) or bovine 
parietal pericardium; homografts are human tis-
sue grafts harvested from cadavers or from live 
donors. Bioprosthesis can be mounted on a frame 
or stent or without these (stentless) (Butany et al. 
2003; Butany and Collins 2005).

In tricuspid position annuloplasty rings may 
be found (a full ring or a C-shaped flexible pros-
thesis); in mitral position, valve repair with annu-
loplasty is usually associated with a partial 
resection of the leaflet. These devices are mainly 
found in patients with severe end-stage dilated or 
ischemic cardiomyopathy, where functional 
mitral regurgitation in particular is one of the 
most challenging problems, with negative impact 
on survival (Szalaya et al. 2003).

Recently a percutaneous mitral valve repair 
using MitraClip devices has been developed as a 
catheter-based option for correction of functional 
and degenerative mitral regurgitation instead of 
the traditional surgical repair or replacement. The 
histopathological healing response to this 
catheter- based mitral valve repair device has 
been documented in a recent paper by Ladich 
et al., the first large pathologic study in humans 
(Ladich et al. 2011). In patients with functional 
mitral regurgitation following advanced heart 
failure in dilated cardiomyopathy, MitraClip 
implantation has also been successfully used as a 
bridge therapy to heart transplantation (Garatti 
et al. 2015).

In native hearts acute/early complications of 
valve prosthesis, such as thrombosis, endocardi-
tis, dehiscence of commissural insertion or sig-
nificant paravalvular leak, are usually not seen. In 
bioprosthetic valves, structural valve tissue 
degeneration, mainly leaflet degeneration with 
thickening of cuspal tissue with or without calci-
fications, may be found (Khan et al. 2010; 

Siddiqui et al. 2009). Pannus or fibrous reaction 
to the device can occur at the host fabric or host 
tissue interface and can sometimes be found as 
overgrown tissue in the sewing cuff or within the 
biological components, causing stiffening and 
progressive stenosis and dysfunction.

The experience of explanted native hearts with 
end-stage valvular cardiomyopathy from the 
Heart Transplant Centre of Sant’Orsola Hospital 
of Bologna reflects the data in the international 
registries.

From October 1991 to December 2014, 28 
patients (4.4 %) out of 631 underwent heart trans-
plantation for end-stage “valvular” cardiomyopa-
thy, subdivided as follows:

• Trivalvular disease with mitral and aortic 
mechanical prosthesis and tricuspid valvulo-
plasty: 9 %.

• Trivalvular rheumatic disease with mitral and 
aortic mechanical prosthesis and tricuspid 
porcine bioprosthesis: 4.5 %.

• Mitro-aortic disease with mechanical prosthe-
sis: 23 % (40 % with tricuspid annuloplastic).

• Mitral disease with mechanical prosthesis: 
18 % (75 % with tricuspid annuloplasty).

• Aortic disease with aortic mechanical prosthe-
sis: 36.5 % (12.5 % with mitral valvuloplasty, 
12.5 % with tricuspid valvuloplasty, and one 
Marfan patient with mitral and tricuspid 
valvuloplasty).

• Mitral valve disease with mitral valvuloplasty: 
4.5 %.

• Previous Ross surgery (pulmonary homograft 
in aortic position and second homograft in 
pulmonary valve position): 4.5 %.

All the hearts had significantly increased in 
weight (medium 696 g, range 380–1040 g) and 
were enlarged with prevalent increase in trans-
verse diameter, typically larger than those usually 
observed in DCM.

In a majority of cases ventricular cavities 
were dilated: there was irregularly distributed 
hypertrophy of the left ventricle and the septum, 
more markedly so in the isolated aortic disease 
group. Even at gross examination, some hearts 
showed significant fibrotic whitish areas. The 
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main histological findings were extensive fibro-
sis (subendocardial, interstitial, and replace-
ment) and marked nonspecific myocyte 
alterations (hypertrophy, sarcoplasmic vacuol-
ization, myocytolysis, and dysmetry close to 
fibrosis areas).

Case 1. A 45-year-old woman transplanted for 
cardiopathy following trivalvular rheumatic 
heart disease. The heart was rounded and 
weighted 380 g. The epicardial surface was dif-
fusely opaque due to marked fibrotic reaction of 
chronic pericarditis. The tricuspid valve had 

been replaced by a porcine bioprosthesis and the 
aortic and mitral ones by bileaflet mechanical 
valves. The porcine leaflets were thickened, 
swollen, and bulging due to tissue degeneration; 
pannus with fibrous reaction was evident in the 
sewing cuff and starting to extend to the cusps. 
Mild hypertrophy of the left ventricle lateral wall 
and of the septum were evident; the left ventricle 
inferior wall showed fibrous replacement areas 
(Fig. 5.37).

Case 2. A 52-year-old man who underwent 
heart transplantation for end-stage rheumatic car-

a b

c

Fig. 5.37 Native heart with end-stage valvular cardiomy-
opathy due to rheumatic heart disease. (a) Atrial view 
showing mechanical bileaflet prosthesis in mitral position 
(blue arrow) and porcine bioprosthesis in tricuspid one 
(red arrow). Porcine leaflets are thickened, swollen and 
bulging due to tissue degeneration; fibrous reaction is evi-
dent in the sewing cuff of both prostheses, starting to 

extend into the cusps in the tricuspid bioprosthesis. (b) 
Superior view of great artery orifices showing a mechani-
cal prosthesis in aortic position (black arrow). (c) In the 
transverse midventricular cut of the heart fibrous chronic 
pericarditis and mild left ventricle and septum hypertro-
phy are present
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diomyopathy. The heart weighed 760 g and was 
severely enlarged. The epicardium was diffusely 
thickened and whitish with a wrinkled surface 
due to previous surgery. The left ventricle was 
considerably dilated and the mid-apical septum 
showed an extensive scar-like fibrous area. The 
coronary arteries revealed no significant athero-
sclerotic stenosis. The mechanical prostheses 
were evident in the mitral and aortic positions; 
the tricuspid valve, whose leaflets were thickened 
and swollen, had a Carpentier ring around the 
annulus (Fig. 5.38).

Apart from extensive subendocardial and 
replacement fibrosis and nonspecific alterations 
of myocells, the noteworthy finding at histology 
was a number of lymphocytic inflammatory infil-
trates within the fibrous tissue or in the intersti-
tium associated with focal myocyte damage, 

witness to the previous autoimmune inflamma-
tory myocardial disease.

Today, the relative incidence of postinflam-
matory rheumatic disease varies from 30 to 
50 % in surgically excised valves. Pathologic 
findings of the chronic phase of rheumatic valve 
disease are leaflet fibrosis, commissure fusion, 
calcification, and chordal thickening or fusion. 
Histologically, these thickened leaflets show 
dense fibrosis, which obliterates the layered 
architecture of the cusps, neovascularization, 
and mild chronic inflammation (Fig. 5.39). The 
chronic aspect is the result of healing and 
remodeling of recurrent acute valvulitis, charac-
terized by small flat vegetation (verrucae) histo-
logically made of platelets and fibrin and areas 
of fibrinoid necrosis and lympho-histiocytic 
inflammation with occasional giant cells. 

a

c d

b

Fig. 5.38 (a) Native heart with end-stage rheumatic car-
diomyopathy. (b) Atrial view showing mechanical pros-
thesis in mitral and aortic position and Carpentier ring 

around tricuspid annulus (arrow). (c, d) Short-axis cuts of 
the heart showing marked dilatation of left ventricle and 
extensive septal fibrous scar (arrow)
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Granulomatous Aschoff bodies are very rare in 
valve tissue.

The involvement of the tricuspid valve is not 
uncommon in patients with rheumatic heart dis-
ease and is virtually always associated with 
mitral disease. The pathological pictures are sim-
ilar, but commissural fusion and calcification are 
less common in the former than in mitral and aor-
tic rheumatic valves.

Case 3. A 43-year-old man transplanted for 
ischemic heart disease. The explanted heart 
showed severe dilatation of the left ventricle, an 
extensive fibrous scar in the left ventricle ante-
rior wall and in the septum, and apical aneurys-
matic dilatation with thrombus stratification. 
The patient underwent MitraClip implantation in 
the central position of mitral valve leaflets 
(Fig. 5.40).

a b

c d

e f

CD3

Fig. 5.39 Chronic phase of rheumatic valve disease. (a, 
b) Macroscopy of surgical specimens of mitral valve with 
marked leaflet fibrosis, commissure fusion and calcifica-
tion. Histology shows dense fibrosis (c, Azan Mallory tri-

chrome, 25×), neovascularization with thickened (d, 
Hematoxylin–eosin, 200×) and thinned (e, Azan Mallory 
trichrome, 400×) vessel walls and mild chronic inflamma-
tion (f, CD3 immunohistochemistry, 400×)
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Prosthesis in mitral position or mitral repair 
aspects and annuloplasty may be found in native 
hearts with end-stage dilated cardiomyopathy or 
ischemic heart disease (Fig. 5.41). The mecha-
nism of mitral valve dysfunction is functional 
and due to alterations in heart geometry, 
although organic/structural alterations of valve 
tissue probably concur (Grande-Allen et al. 
2005).

Heart valve disease is a paradigm of the 
changing etiology of human disease, which 
today separates developing countries, where 
patients are mainly affected by inflammatory 
disease (especially rheumatic disease) and indus-
trialized countries, where the highest incidence 
is due to degenerative valve disease as a result of 
increasing longevity (Soler-Soler and Galve 
2000).

Degenerative valve disease increases with age 
but aging is probably not the only factor 
(Fig. 5.42a). Its histopathological changes 
include the following (Fig. 5.42b–f):

• Fibrous and elastic thickening (due to colla-
gen deposition and degeneration).

• Lipid deposition (ranging from a nodule to a 
horizontal bar-shaped deposit).

• Myxomatous degeneration.
• Dystrophic calcification at leaflet and annulus 

levels.

Myxomatous degeneration affects up to 5 % of 
the population and may represent a genetic con-
dition or be a secondary manifestation of leaflet 
adaptation or repair. It is the histopathological 
basis of the floppy valve and the most frequent 

a

c d

b

Fig. 5.40 Macroscopic view of the native heart. (a) View 
from above showing the atrio-ventricular junction. Both 
atria appear dilated and a catheter has been placed into the 
right atrial appendage. Note the mitral valve with two 
ostia due to a mitral clip. (b) View from below after a 
cross section at mid-ventricular level, showing the dilated 
left ventricle with postischemic antero-septal myocardial 

scar. Note the mitral clip covered by fibrous tissue (arrow). 
(c) High-power view of b with the mitral clip anchoring 
the anterior and posterior leaflets of the mitral valve in the 
central position. (d) View from above of the apical part of 
the heart with apical aneurysm and mural thrombosis. 
Ao aortic valve, LV left ventricle, RV right ventricle
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cause of mitral valve prolapse (Grau et al. 2007). 
Histologically, there is a myxomatous thickening 
of the leaflets due to expansion of the spongiosa 
and replacement of the solid fibrosa with loosely 

arranged myxomatous tissue rich in mucopoly-
saccharides and spindle-shaped fibroblastic cells 
(Fig. 5.43). Unlike the mitral, the tricuspid valve 
rarely develops degenerative changes.

a b

Fig. 5.41 (a) Transverse cut of native heart with end-stage ischemic disease showing an antero-septal fibrous scar. (b) 
Atrial view of the mechanical prosthesis in mitral position with pannus and fibrous reaction

a

d e f

b c

Fig. 5.42 (a) Native heart with degenerative valve 
disease associated to the primary dilated cardiomyopa-
thy disease: atrial view of the bulging atrioventricular 
valves with jelly appearance. Histology of degenerative 
valve disease including: fibrous thickening (b, Azan 
Mallory trichrome, 25× – asterisk); elastic thickening (c, 

Weigert–van Gieson stain, 100× – arrow); myxomatous 
degeneration (d, Azan Mallory trichrome, 25× – aster-
isk); lipid deposition (e, hematoxylin–eosin, 100× – 
asterisk); dystrophic calcification (f, Hematoxylin–eosin, 
200× – asterisk)
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Key Points

• Heart valve disease is very frequent and 
includes many and different forms, of 
which the most frequent are degenera-
tive and rheumatic.

• Heart valve disease is an infrequent 
indication for heart transplantation and 
accounts for only 3 % of heart trans-
planted patients.

• The majority of native hearts with end- 
stage cardiomyopathy will have had sur-
gery or repair for primary heart valve 
disease.

a

c d

b

Fig. 5.43 (a) Autoptic heart opened along the obtuse mar-
gin of left ventricle with mitral valve prolapse. Histology 
of myxomatous degeneration showing loosely arranged 

myxomatous tissue rich in mucopolysaccharides expand-
ing the spongiosa (b: Hematoxylin–eosin 25×; c: Alcian 
blue stain, 100×, d: Alcian blue stain, 400× – asterisks)

• Native hearts with end-stage valvular 
cardiomyopathy usually include pros-
thetic valves or annuloplasty rings, 
which should be examined in situ.

• The pathologist should be familiar with 
the major types of prosthesis and main 
complications of surgery/repair or per-
cutaneous implants.

• However, prosthesis or annuloplasty 
may also be found in native hearts with 
end-stage dilated cardiomyopathy or 
ischemic heart diseases.
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5.5  The Spectrum of Congenital 
Heart Defects

5.5.1  Background and Incidence 
in Explanted Hearts

The first pediatric heart transplant was performed 
in 1967 in a neonate for a congenital heart dis-
ease affecting the right ventricle, an Ebstein 
anomaly, with a disastrous outcome of only 6 
hours of life.

Only after the introduction of cyclosporine as 
immunosuppressive therapy 20 years later did 
heart transplantation become a consistent option 
for pediatric as well as adult patients.

In patients, younger than 18 years of age, 
the indications for HTx can be grouped into 
three main categories: cardiomyopathies 
(CMPs), congenital heart diseases (CHD), and 
other diseases/retransplantations. Relative per-
centages of these three groups have changed 
since the early experience in the 1990s, with 
the decreasing incidence of CHD (Dipchand 
et al. 2013).

Better management of CHD patients and dra-
matic improvements in surgical techniques and 
intensive care unit management have modified 
the indications for transplantation as primary 
therapeutic option for many congenital defects. 
Various palliative options are now offered as first 
treatment to neonates affected by hypoplastic left 
heart syndrome and/or tricuspid atresia and hypo-
plastic right ventricle.

However, large-volume data from the United 
States centers demonstrates increasing incidence 
of transplantation for CHD (Lamour et al. 2009; 
Schumacher et al. 2015).

Data from the 2013 International Society for 
Heart and Lung Transplantation Report showed 
that according to age distribution and time, CHD 
is the first cause of transplantation within the first 
year of life. In this group, a significant decrease 
from 1988–1999 (76 %) to the present 2003–
2013 (55 %) was observed (Dipchand et al. 2013). 
CHD is also decreasing in 11- to 17-year-old 
patients, falling as low as one-fourth of all 
indications. In adults, CHD represents up to 3 % 

of all indications (Coskun et al. 2007; Boucek 
et al. 2014).

According to the literature on outcomes in 
pediatric heart transplant patients, CHD has a 
worse prognosis than CMP, due to the technical 
complexities of surgery and more complicated 
perioperative care (Seddioa et al. 2013; Voeller 
et al. 2012; Gambino et al. 2007; Chen et al. 
2004; Griffiths et al. 2009).

Impressive improvements in modern surgical 
techniques mean that in most centers surgical 
palliation is now preferred to HTx for CHD, so 
the majority of patients reach adulthood, thus 
shifting the issue of childhood mortality to adult 
age (Attenhofer Jost et al. 2013).

As a consequence, the number of CHD adult 
patients is greatly increasing and only later in life 
do they present with congestive heart failure and 
end-stage disease. This is changing the scenario 
of transplants for CHD, as it is expected that 
10–20 % of patients suffering from complex 
CHD will require HTx as adults (Schweiger et al. 
2015).

Thus, when considering CHD in native trans-
planted hearts the pathologist can find a wide 
range of situations: previously operated and non-
operated explanted hearts, both pediatric and 
adult, and ventricular-assisted devices implanted 
as a bridge to transplantation.

Examination and dissection of these hearts 
require great expertise and care.

In centers not specialized in pediatric trans-
plantation, adult hearts with previous surgery are 
the most frequent.

5.5.2  Specific Technical Pathology 
Points

Methods for evaluating CHD native hearts vary 
depending on whether we are dealing with pri-
mary diseases transplanted or with previously 
palliated end-stage CHD.

What is really essential in both situations is 
collation of all the clinical information, notes on 
native heart structural diseases and also of the var-
ious surgical procedures previously performed.
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5.5.2.1  Non-operated CHD
For these hearts, there is no standard sectioning 
method due to heterogeneity of the underlying 
structural abnormalities.

A transverse cut at mid-ventricle is not usually 
recommended; generally it is preferable to dis-
sect the heart following blood flow.

The best classification system for these speci-
mens is the sequential segmental approach (SSA), 
whose main steps are as follows:

• Definition of atrial situs.
• Morphologic identification of atria, ventricles, 

and great arteries.
• Recognition of atrioventricular and ventriculo- 

arterial connections.

It is beyond the scope of this chapter to detail 
this approach; excellent publications (Shinebourne 
et al. 1976; Anderson and Wilcox 1996; Anderson 
and Shirali 2009) or textbooks (Anderson et al. 
1991 cover this subject).

Some points to emphasize when managing 
non-operated CHD native heart specimens 
according to the SSA are as follows:

• The absence of the venous pole of the atria 
does not interfere with situs identification, as 
there are the atrial appendages, with their 
striking morphology.

• Examination of the ventricular cavities with 
careful evaluation of trabecular components 
and assessment of the atrio-ventricular junc-
tion and related valve apparatus viewed from 
above and below are major steps in identifying 
right and left ventricles.

• Before dissection the presence of a biven-
tricular or univentricular condition should be 
checked; with univentricular physiology it is 
essential to identify the rudimentary ventricle.

Histology is not required in non-operated 
CHD except for research.

5.5.2.2  Operated CHD
In cases of previously operated hearts, the sam-
ple can be managed according to the general 

recommendations for surgically resected hearts 
in the guidelines of the Association for European 
Cardiovascular Pathology and the Society for 
Cardiovascular Pathology (Stone et al. 2012).

Any devices related to previous surgical or 
interventional procedures must also be assessed. 
Most frequently these are found at the atrial sep-
tum following closure of interatrial septal defects, 
or at the ventriculo-arterial junction (mechanical 
or biological valves).

Check also for any catheters within the cavi-
ties and any epicardial leads.

With Fontan procedures identify patches or 
biological grafts used for palliation.

A ventricular-assisted device should be photo-
graphed before removal from the apex, and care-
fully evaluated.

In dissecting the heart it is preferable to use 
the echocardiographic short axis cut with serial 
transverse sections, each of 1 cm, from the apex 
to the medium third of the heart, as shown in 
Section 5.2. As the structure and morphology of 
the heart can be very altered, it is advisable to 
have a clear idea of the original diagnosis and of 
the subsequent surgery steps and if possible with 
the surgeon or cardiologist present.

The various main branches of the coronary 
arteries should be cut transversally to the main lon-
gitudinal direction, as previously described in 
Section 5.2, in order to identify atherosclerotic 
plaques, which could be present in association with 
the congenital heart disease of an adult patient.

Histology should include sampling from both 
ventricles and from coronary arteries if lesions 
are identified.

When a ventricular-assisted device is found, a 
transverse section at 1 cm from the insertion point 
of the device can be taken for histologic study.

5.5.3  Pathologic Substrates

According to the literature on single-center expe-
riences (Seddioa et al. 2013; Voeller et al. 2012; 
Gambino et al. 2007; Chen et al. 2004) or on 
multi-institutional studies (Lamour et al. 2009; 
Schumacher et al. 2015; Boucek et al. 2014), a 
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wide range of congenital heart defects are found 
among those leading to heart transplantation. The 
types of congenital heart defect depend on local 
experience and policy in managing CHDs over 
time. A minority of hearts removed at time of 
transplantation are unrepaired (7–15 %) and the 
main diseases in this group are hypoplastic left 
heart syndrome (HLHS); severe Ebstein’s anom-
aly (Fig. 5.44); congenitally corrected transposi-
tion of the great arteries (Fig. 5.45); anomalous 
left coronary artery origin; severe congenital 
mitral valve insufficiency; and unclassified forms 
of severe congenital heart disease.

However, most have been previously palliated 
or corrected for complex congenital heart defects, 
both in pediatrics and in adults (90–93 %). The 
main pathological substrates are two-ventricle 
defects in more than half of cases and single ven-
tricle in the rest (36–44 %). The most frequent 

two-ventricle and single-ventricle defect types 
are listed in Table 5.2; the most common types of 
reparative surgery in Table 5.3.

There is extreme pathologic variety in these 
operated CHDs, which need therefore to be 
studied case by case. Usually the hearts are very 
enlarged and dilated. Morphology of ventricles 
varies depending on the primary CHD, previous 
palliative or corrective surgery, and myocardial 
remodeling phenomena. Frequently endocar-
dium is thickened. Histology is non-specific and 
shows various degrees of subendocardial or 
interstitial fibrosis, and reactive or degenerative 
alterations of myocytes (hypertrophy, dysmet-
ria, sarcoplasmic vacuolization, myocytolisis). 
Foci of myocardial coagulative necrosis related 
to the end-stage heart failure and foci of mild 
lymphocytic inflammation related to remodeling 
may be seen.

a

b c

Fig. 5.44 The heart of a female infant affected by 
Ebstein’s anomaly of the tricuspid valve and transplanted 
at the age of 2. (a) Anterior view of the native heart. (b) 
The right ventricle has been opened to show the displace-

ment of the leaflets inside the ventricular cavity. (c) The 
heart has been transilluminated to show the papiraceous 
appearance of the atrialized part of the ventricular poste-
rior wall
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Other cases of operated CHD are shown in 
Figs. 5.46 and 5.47.

Special attention should be given to patients 
who have already undergone Fontan-type pallia-
tive surgery and now present with failure requir-
ing transplantation (failing Fontan). These 
patients have increased risk of death both early 

a

c d

b

Fig. 5.45 A 25-year-old male transplanted for congeni-
tally corrected transposition of great arteries. Heart 
weighed 780 g and was enlarged (12 cm along the longi-
tudinal diameter and 11.5 along the transverse diameter). 
(a, b) Anterior (a) and posterior (b) views of longitudinal 
cuts. (c, d) Short-axis sections. RV is dilated and shows 

hypertrophy of the parietal myocardium (1 cm at superior 
third; 0.9 cm at medium third; 0.6 cm at inferior third) and 
a prominent trabecular myocardium. LV is relatively 
decreased in volume and shows regular or thinning pari-
etal myocardium. LV left ventricle; RV right ventricle

Table 5.2 Congenital heart disease usually transplanted 
after previous surgery

Biventricular defects Single ventricle defects

D-transposition of the great 
arteries (12 %)

Tricuspid atresia

Right ventricular outflow 
tract obstruction (10 %)

Hypoplastic left heart 
syndrome

Atrial/ventricular septal 
defects (8 %)

Double inlet left 
ventricle with left 
atrio-ventricular atresia

L-transposition of the great 
arteries (8 %)

Unbalanced artrio-
ventricular canal with 
aortic atresia

Left ventricular outflow 
tract obstructions (8 %)

Complete atrio-ventricular 
canal defect (8 %)

Others (11 %)

Table 5.3 The most common types of reparative surgery 
encountered in native hearts

Four-chamber repair: 29 %

Fontan procedure: 22 %

Glenn procedure: 16 %

Norwood procedure: 5 %

Pulmonary artery banding/shunting: 11 %

Mustard/Senning procedure: 10 %
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and late after HTx (Kanter et al. 2011; 
Michielon et al. 2011; Jayakumar et al. 2004; 
Davies et al. 2012). The Fontan palliative pro-
cedure is used for various univentricular circu-
lation or single ventricle diseases, with the aim 
of diverting venous blood from systemic 
venous return to pulmonary arteries, without 
passing through the  subpulmonary tract of the 
ventricle. Many variations of the original pro-
cedure have been performed, to favor systemic 
oxygen saturation and avoid or reduce ventric-
ular volume overload. These variations fall 
into three main subcategories: internal Fontan 
(lateral tunnel), atrio-pulmonary connection, 
and extracardiac tunnel.

In internal Fontan, a lateral tunnel is con-
structed with a baffle inside the right atrium to 

direct the blood from the systemic venous circu-
lation to the pulmonary artery.

In the second group, an atrio-pulmonary con-
nection is created between the right atrium and 
the pulmonary artery, directly or by interposing 
the native removed pulmonary valve or by a val-
vular duct (the classic Fontan).

In the third category, an extracardiac duct 
directs the blood from the inferior vena cava to 
the pulmonary artery, while the superior vena 
cava is anastomosed to the pulmonary artery as in 
bidirectional Glenn anastomosis.

Transplant surgery involves removing all of 
these connections/anastomosis, so hearts sent 
for pathologic examination are no longer 
intact. All the parts removed at surgery must, 
however, be included for examination and 

a

b c

Fig. 5.46 The heart of a male infant affected by Ebstein’s 
anomaly and previously operated for tricuspid valve 
replacement and ventricular cavity reduction. (a) Superior 
view of the native heart, showing the bioprosthesis in the 
tricuspid position. (b) The right ventricular cavity is 
opened to show the bioprosthesis located at the atrio- 

ventricular junction; the native leaflets, dysplastic and dis-
placed toward the ventricular cavity, have been in part 
removed. The original tricuspid annulus is still visible. 
Note the posterior wall which has been folded. (c) A 
closer view with transillumination of the atrialized 
component

O. Leone et al.



95

evaluated for  stenosis, calcifications, and baffle 
or duct distortions. Cardiac complications of 
failing Fontan are systemic venous pathway 
obstruction, pulmonary venous obstruction, 
left ventricular outflow tract obstruction, val-
vular abnormalities, and systolic ventricular 
dysfunction, the last being a major indication 
for transplantation.

a b

c d

Fig. 5.47 Native heart of a 15-year-old female with com-
plete atrio-ventricular septal defect (complete atrio- 
ventricular canal defect) transplanted due to arrhythmia. 
The heart showed concordant biventricular atrio- 
ventricular connection, with a common valve, concordant 
ventriculo-arterial connection, usual atrial arrangement, 
and levocardia. RV is decreased in size and shows wall 

hypertrophy; LV is dilated with thinned walls. (a) Anterior 
view of the heart. (b) Posterior view of the heart. (c) 
Superior view showing the common orifice with common 
atrio-ventricular valve with its four thickened leaflets 
(anterior, posterior, and two lateral). (d) RV with a large 
ventricular septal defect and redundant valve leaflet tis-
sue. LV left ventricle; RV right ventricle

Key Points

• Transplanted CHD hearts are 
hetero geneous.

• Hearts can be operated or non-operated 
(nowadays, c.a. 10–15 % of CHD hearts 
are non-operated).
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• Fontan-like procedures for single ven-
tricle are the most common previous 
surgical techniques.

• The sequential segmental approach is 
the best system for classification of 
CHDs.

• No standardized dissection technique 
for explanted CHD has been 
established.

• Dimension and remodeling of the ven-
tricle cavities should be noted.

• Acquired coronary lesions may coexist 
in adult hearts.

• Possible anastomosis or graft materials 
or conduits must be carefully evaluated.
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6.1  Background

The utility of endomyocardial biopsy (EMB) has 
been challenged with issues of nonspecific patho-
logical diagnoses and significant complication 
rates mentioned. In skilled operator hands, the 
complication rate is low (Veinot 2002a).

A recent scientific statement from the 
American Heart Association, American College 
of Cardiology, and the European Society of 
Cardiology (Cooper et al. 2007) revitalized the 
role of EMB on the basis of evidence-based med-
icine criteria. The document was written from a 
clinical viewpoint. Fourteen clinical scenarios 
when EMB should be performed included unex-
plained heart failure, with or without heart block 
or arrhythmias, eosinophilia, chemotherapy, 
restrictive myocardial physiology, cardiac 
tumors, unexplained heart failure in children, 
unexplained ventricular hypertrophy, arrhythmo-
genic right ventricular cardiomyopathy, and ven-
tricular arrhythmias.

The Association for European Cardiovascular 
Pathology (AECVP) and the Society for 
Cardiovascular Pathology (SCVP) have prepared 
a consensus statement regarding when and how 
EMB assists in the clinical workup of patients 
with heart failure, arrhythmias, and cardiac 
masses (Leone et al. 2012). It was deemed neces-
sary to inform clinicians of the potential of patho-
logical analysis of the cardiac biopsy and to urge 
clinicians and pathologists to collaborate and 
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share protocols for EMB indications. A prelimi-
nary version had been previously published 
(Leone et al. 2009).

EMB may biopsy the right or left side of the 
heart. This directly allows assessment of the heart 
tissues, including endocardium, myocardium, 
and interstitium. Access to the heart is most often 
via the venous route through the internal jugular 
or femoral vein. The left ventricle may be biop-
sied with trans-septal puncture or by direct access 
through a peripheral artery (Veinot 2002a). Left- 
sided biopsies are thought to be more risky in 
terms of complications, and they are seldom war-
ranted unless there is a specific left ventricular 
mass, lesion, or region of interest. One of the rec-
ognized diagnostic limitations with endomyocar-
dial biopsies is sampling error, although this 
issue is related to the type and extent of the dis-
ease, and it may be overestimated. For focal myo-
cardial lesions or disorders, additional biopsy 
specimens might be recommended, or more tar-
geted sampling using imaging or electrophysiol-
ogy guidance could be utilized. A negative biopsy 
specimen may not rule out a disease. A positive 
biopsy specimen, no matter how few pieces were 
obtained, may be diagnostic. The pathological 
interpretation of the biopsy specimens should be 
approached similar to other medical biopsy spec-
imens. These specimens are well fixed, and all 
the endomyocardial components can be com-
mented upon including the endocardium, myo-
cardium, small blood vessels, and interstitium.

6.2  Triage: Sampling 
and Handling

Management of a myocardial sample is no longer 
limited to histology, but may include immunohis-
tochemistry for the identification of inflamma-
tory cell type populations, polymerase chain 
reaction (PCR) and reverse transcriptase (RT)-
PCR, either qualitative or quantitative, for the 
detection of DNA and RNA viruses, search for 
cytokine expression and apoptosis, ultrastruc-
tural investigation for extracellular or intracellu-
lar storage disease, immune markers for 
malignancy cell type, and other parameters. The 

cardiac biopsy complements new developments 
in cardiac imaging, electrophysiological, and 
molecular investigations that may increase biopsy 
utility.

Pathological analysis of EMB is complex and 
requires standard protocols (Leone et al. 2009). It 
is vital that the pathologist be provided with suf-
ficient clinical information as an aid for diagnosis 
and to guide the most appropriate triage and tech-
nical choices. Recommendations for triage and 
analysis are outlined in Tables 6.1 and 6.2.

6.3  Pretransplant Versus General 
Indications for EMB

Pretransplant EMB is somewhat different from 
EMB use in nontransplant candidates, as the indi-
cations for transplantation are exclusively based 
on clinical criteria.

The issues supporting pretransplant biopsy 
are:

• Clinical misdiagnosis (Luk et al. 2009): In 
many cases, clinical misdiagnosis would be of 
little significance for transplant candidates, 
especially today when the spectrum of dis-
eases suitable for transplantation has notably 

Table 6.1 Specimen procurement and triage

At least three, preferably four, endomyocardial 
fragments, each 1–2 mm3 in size, should immediately 
be fixed in 10 % buffered formalin at room 
temperature for light microscopic examination. When 
myocardial lesions, which may be characterized by 
focal distribution, are suspected, additional sampling 
is recommended

If indicated, one or two specimens may be snap-frozen 
in liquid nitrogen and stored at −80 °C for possible 
molecular tests or specific stains. Otherwise, 
fragments may be stored in RNA-later at room 
temperature

If indicated, one fragment fixed in 2.5 % 
glutaraldehyde or Karnowsky solution for 
ultrastructural tests

A sample of peripheral blood (5–10 ml) in EDTA or 
citrate from patients with suspected myocarditis 
allows for molecular testing for the same viral 
genomes sought in the myocardial tissue and from 
patients with genetic cardiomyopathies allows for 
genetic tests
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widened, but in some cases (e.g. sarcoidosis or 
myocarditis/inflammatory cardiomyopathy), a 
correct and detailed diagnosis can influence 
management––with drug therapy to delay 
transplantation, or mechanical circulatory 
support to delay or even avoid transplantation, 
or by giving information on post-transplant 
prognostic stratification. Furthermore, cardiac 
transplant therapy is extremely intense as 
patients may undergo considerable morbidity 
and complications due to both the procedure 
and immunosuppression.

• Etiological rather than generic diagnosis is 
valuable both as good medical practice and as 
a workup methodology, or even for familial 
counseling, especially in referral centers for 
heart disease/cardiomyopathies.

• The importance of a systematic approach in 
transplant centers in order to achieve compa-
rable and standardized diagnostic and thera-
peutic pathways.

• The valuable opportunity to correlate the 
bioptic diagnosis with pathological findings 

of the explanted heart in order to improve 
diagnostic criteria with EMB.

The greatest diagnostic contribution of pre-
transplant EMB is when it is able to define spe-
cific forms of heart disease/cardiomyopathy. 
When findings are nonspecific, EMB may con-
firm a clinical dilated/hypertrophic/restrictive 
phenotype, whose etiology might fall into a 
genetic category or where the advanced stage of 
the disease does not allow the initial disease to be 
traced.

6.4  EMB Contribution in Specific 
Forms of Heart Disease

6.4.1  Myocarditis/Inflammatory 
Cardiomyopathies

The role of EMB in diagnosing myocarditis/
inflammatory cardiomyopathies is probably the 
most controversial and subject of lively debate.

During the 1990s, the negative results in the 
Myocarditis Treatment trial reduced EMB use in 
myocarditis, but this is not surprising as there 
was no distinction between viral and nonviral 
myocarditis. The pathological diagnosis of myo-
carditis was based upon the 1987 Dallas criteria 
which require the presence of an inflammatory 
infiltrate associated to myocyte damage for the 
diagnosis of “active” myocarditis (Aretz 1987).

Today, the technical tools for diagnosing dif-
ferent forms of myocarditis are significantly 
improved, and the routine use of immunohisto-
chemistry to assess the extent and composition of 
inflammatory infiltrates as well as the develop-
ment of highly sensitive molecular biology tech-
niques (PCR or in situ hybridization) allows a 
judicious use of cardiac biopsy which may 
become relevant for a detailed diagnosis and for 
deciding whether antiviral or immunosuppres-
sive therapy is indicated (Liu et al. 1996). In 
order to assess immune etiology, cardiac autoan-
tibodies in the blood might also be investigated.

Improvements in imaging techniques, espe-
cially cardiac magnetic resonance (CMR), can be 
usefully integrated with EMB to determine the 

Table 6.2 Pathological analysis

Light microscopic examination is routinely performed 
on formalin-fixed and paraffin-embedded tissue and 
includes, when appropriate:

  Multiple and numbered hematoxylin–eosin section 
examination

  Additional histochemical, histomorphological, and 
immunohistochemical stains performed on 
paraffin-embedded fragments or on frozen sections

  Semiquantitative evaluation or morphometric 
analysis on sections cut for histochemical, 
histoenzymatic, and immunohistochemical tests

  Additional stains include Masson/Mallory 
trichrome, Movat pentachrome, Weigert-Van Gieson 
stain, Congo Red, sulfated Alcian Blue, and iron 
stain. PAS stain, with and without diastase, is often 
useful to assess intramyocardial glycogen and also 
to assess blood vessels in the interstitium.

Molecular tests, such as polymerase chain reaction 
(PCR), quantitative or qualitative, and reverse 
transcriptase-PCR on the fragments frozen in liquid 
nitrogen or stored in RNA-later.

Transmission electron microscopy examination on 
fragments fixed in glutaraldehyde or Karnowsky 
solution and embedded in resin. Ultrastructural 
analysis is preceded by examination of semi-thin 
sections stained with Toluidine blue.
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extent of the disease and to define the best place 
to biopsy; this approach may reduce the main 
limitation of biopsy, which is sampling error due 
to micromultifocal distribution of the disease. 
However, CMR cannot replace EMB, the essen-
tial tool able to define the etiology of myocardi-
tis. This concept is now included in the position 
statement from the European Society of 
Cardiology on the current state of knowledge on 
etiology, diagnosis, management, and therapy of 
myocarditis.

At histology, routine (hematoxylin and eosin) 
stained serial sections should be evaluated for the 
presence of the inflammatory infiltrate (immuno-
type and semiquantitative or qualitative analysis), 
myocyte damage type (myocytolysis, apoptosis, 
or other myocyte alteration), and fibrosis (type 
and semiquantitative or morphometric analysis).

The nature or type of the infiltrating cell 
allows the characterization of the cause of the 
myocarditis and may also be helpful in suggest-
ing additional investigations. Lymphocytic, mac-
rophagic, or plasmacytic infiltrates suggest a 
viral or autoimmune pathoetiology (Fig. 6.1). 
Eosinophilic myocarditis may be seen with 
Churg–Strauss, drug-related myocarditis, para-
site infections, or with hypereosinophilic syn-
drome. Toxic myocarditis (catecholamines and 
pressor agents, pharmaceutical drugs, illegal 
drugs, pheochromocytoma) usually presents as 
scanty multifocal neutrophilic or mixed neutro-
philic–macrophagic infiltrate associated with 
microfoci of myocells fragmented or with band 
necrosis or real necrosis. Giant cells suggest drug 

hypersensitivity, specific infections (fungal and 
protozoal), or primary giant cell myocarditis. 
Giant cell myocarditis can produce a severe acute 
clinical scenario with heart failure and ventricu-
lar arrhythmias and is important to diagnose, as it 
may be very responsive to immunosuppression 
and may reoccur in the graft after transplant 
(Fig. 6.2).

It has been suggested that a mean lymphocyte 
count of >5 lymphocytes per high power field 
(HPF) is necessary to diagnose myocarditis. 
Other authors have required >10 lymphocytes/
HPF or a minimum of 14 infiltrating leuko-
cytes/mm2 (Maisch et al. 2000). As an adjunct 
to routine histopathological examination, 

a b

Fig. 6.1 (a, b) Lymphocytic myocarditis. EMB specimen from a young woman with recent onset heart failure. There 
is lymphocytic inflammation and injury to several cardiac myocytes (Hematoxylin–Eosin ×200)

Fig. 6.2 Giant cell myocarditis––EMB specimen from a 
young male patient with heart failure and numerous 
refractory ventricular arrhythmias. Numerous giant cells 
are observed along with cardiomyocyte injury and fibro-
sis. No well-formed granulomas are seen (Hematoxylin 
phloxine saffron ×200)
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immunohistochemical or immunofluorescence 
staining for lymphocytes (anti-CD45, CD45RO, 
CD3, CD20, CD4, CD8, CD79a), and macro-
phages (anti- CD68) may be performed. Major 
histocompatibility complex (MHC) antigens 
(MHC I and MHC II) are sometimes performed, 
according to local practice (Maisch et al. 2000).

Enteroviral RNA has been detected in myo-
cardial biopsies of patients with dilated cardio-
myopathy and myocarditis and has been 
associated with an adverse prognosis (Why 
et al. 1994). Detection of viral nucleic acid 
using PCR or RT-PCR has also been employed 
(Maisch et al. 2000). The controversy surround-
ing the routine use of molecular viral genome 
detection to diagnose myocarditis is mainly as 
to whether it is necessary to know the status of 
the virus and its load in the peripheral blood (in 
order to determine if viral detection in a myo-
cardial sample represents blood contamination 
or actual myocardial pathology) and also the 
incidence of the virus in the general population. 
In situ hybridization has been proposed to cir-
cumvent this conundrum. Appropriate controls 
are also important. The use of viral genome 
detection should be performed in a molecular 
biology laboratory with expertise in these 
molecular techniques (microbiology or pathol-
ogy laboratories). It should be borne in mind 
that molecular findings need to be interpreted 
along with knowledge of the myocardial histo-
pathology and pathology expertise, rather than 
evaluated in isolation.

The pathological diagnosis of myocarditis 
should report: histological findings including the 
cell type, immunophenotypic characterization of 
the inflammatory infiltrate, and molecular viral 
data, if these are available.

6.4.2  Amyloid

Amyloidoses comprise a group of disorders char-
acterized by the deposition of abnormally folded 
proteins. At least 11 types of amyloidosis may 
involve the heart (Collins et al. 2009). EMB is an 
important modality in the workup of patients 
with cardiac amyloidosis. In hematoxylin–eosin 
stained sections, the amyloid appears as a homo-
geneous, eosinophilic, amorphous substance 
(Fig. 6.3). When this is recognized, it is recom-
mended that biopsies be stained with Congo Red 
to confirm the presence of amyloid, whose depos-
its appear with a characteristic green birefrin-
gence under polarized light. Modified sulfated 
Alcian Blue or Thioflavin T may also be used. 
After confirming the presence of amyloid in the 
heart, it must be typed. EMB has been proven 
useful in helping to establish the type of cardiac 
amyloid, using techniques such as immunohisto-
chemistry, immunofluorescence (on frozen tis-
sue) (Collins et al. 2009), or immune-electron 
microscopy (Arbustini et al. 1997). But due to the 
low specificity of these techniques or possible 
overlap of the different antibodies, referral cen-
ters are turning to molecular techniques, such as 

a b c

Fig. 6.3 Amyloid––EMB from a patient with diastolic 
heart failure. The biopsy specimen demonstrated intersti-
tial nodular and perimyocyte homogeneous pink material 
(a, Hematoxylin–Eosin ×200). In the section stained with 

Congo Red (b), the subendocardial/interstitial nodular 
deposits show the typical green birefringence (Congo Red 
×200). This was transthyretin protein positive by immu-
notyping (section c, ×200)
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protein sequencing (Benson et al. 2009) and mass 
spectrometry (Vrana et al. 2009). Subclassification 
of amyloid deposits is not trivial, and mistyping 
of amyloid can have catastrophic effects, as the 
prognosis is very different and treatment options 
are specific for the type of amyloid present. 
Amyloid subtyping should be performed in a 
center with experience, using techniques that 
have been validated to be reliable in that center.

6.4.3  Storage Disease

EMB can play a significant role in diagnosing 
storage disease.

Histological findings for this group are not 
really specific but can be strongly suggestive and 
can point the direction for further investigations 
(other stainings, immunohistochemistry, electron 
microscopy), which in an appropriate clinical con-
text, can together arrive at the definite diagnosis.

6.4.3.1  Myocardial Iron Storage
The heart normally contains no iron, and there-
fore, finding stainable iron in the cardiomyocyte 
indicates the presence of pathology (Lombardo 
et al. 1995). Iron tends to initially deposit subepi-
cardially, and may not always be found in the 
right ventricle septal region; thus, the possibility 
of sampling error exists.

The histological appearance of iron storage on 
hematoxylin–eosin stained sections is that of 
intramyocytic granular brownish deposits, which 
are blue by Prussian Blue (Perls) staining. 
Moreover, biopsy may also be useful in patient 
monitoring to verify therapeutic results.

In some candidates, for liver transplant, EMB 
may sometimes be performed to evaluate an 
unexpected cardiac alteration with dilatation of 
ventricles or restrictive physiology prevailing on 
dilatation. In such a case, the most frequent need 
is to check for hemosiderosis.

6.4.3.2  Glycogen Storage Disease
Glycogenoses involving the heart are generally 
the result of defects in genes and enzymes 
involved in the glycogen metabolism; the most 
widely known diseases are type II (Pompe 

 disease), type III (Cori disease), and type IV 
(Andersen disease) glycogen storage diseases. At 
the cardiac level, they have prevalently hypertro-
phic/restrictive features, with possible terminal 
evolution to a dilated hypokinetic form.

At histology, myocytes show severe vacuol-
ization in central areas due to massive glycogen 
deposits, which displace myofibrils to the periph-
ery. Glycogen may be detected with periodic acid 
Schiff (PAS) stain, which colors deposits in a 
purple/violet red (Fig. 6.4); this coloration disap-
pears after diastase digestion (PAS-diastase). 
PAS staining may be carried out on paraffin sec-
tions, although a fresh sample (when available) 
would be more appropriate. Ultrastructural anal-
ysis is essential to confirm and typify glycogen 
deposits.

6.4.3.3  Anderson-Fabry Disease
It is a form of sphingolipidosis due to a deficiency 
of the lysosomal enzyme alpha-galactosidase A, 
which determines intracellular storage of trihexo-
sylceramide. It may be difficult to differentiate 
this disease from other causes of ventricular 
hypertrophy, for example, HCM or hypertensive 
cardiomyopathy; in the literature, it is reported 
that Anderson-Fabry disease has been diagnosed 
using EMB in 3 % of patients with unexplained 
cardiac hypertrophy.

Histology is similar to glycogen storage and 
shows hypertrophied and vacuolated myocytes. 
Electron microscopy shows osmiophilic aggre-
gates of concentric and parallel lamellae com-
posed of variably dense alternate bands, typical of 
this disease, although not exclusive to it (Fig. 6.5).

6.4.3.4  Desmin-Related 
Cardiomyopathy

In this disease, there is excessive deposition of 
intermediate desmin filament in skeletal and car-
diac muscle, causing progressive cardiac failure.

Histology is nonspecific and characterized by 
interstitial fibrosis, myocyte dysmetry, and intra-
sarcoplasmic small vacuoles. Electron micros-
copy is necessary for diagnosis, as it shows the 
presence of intramyocytic granule––filamentous 
deposits in the interfibrillar areas or at the Z band 
level.
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6.4.4  Arrhythmia Investigation: 
Sarcoidosis and 
Arrhythmogenic 
Cardiomyopathy

EMB may be useful in the workup of arrhythmia 
(d’Amati and Factor 1996). Biopsy specimen 

findings are often nonspecific, but abnormal, 
with changes suggestive of cardiomyopathy 
(Vignola et al. 1984). Strain and colleagues, in 
their study of patients with spontaneous ventricu-
lar fibrillation but no apparent structural heart 
disease, found 89 % of biopsies to be abnormal 
(50 % suggestive of cardiomyopathy, 17 % 

a b

c d

Fig. 6.4 Glycogen storage disease. EMB from a 47-year- 
old male with glycogen storage disease, who underwent 
heart transplant 3 years later. (a–c) Histology shows 
severe, diffuse vacuolization of myocytes containing 

deposits, which appear pale pink with Hematoxylin–
Eosin stain (b, ×100) and grayish with Mallory trichrome 
(c, ×400). PAS staining demonstrates typical purple/violet 
red deposits corresponding to glycogen (d, ×400)

a b c

Fig. 6.5 Anderson-Fabry disease. EMB performed for 
clinical suspicious of infiltrative/storage disease in a 
69-year-old male with hypertrophic heart. (a, b) Histology 
shows hypertrophied and vacuolated myocytes 

(Hematoxylin–Eosin: a ×100; b ×400), and electron 
microscopy shows the typical lamellar bodies within the 
cytoplasm of cardiac myocytes (c, Courtesy of Giovanna 
Cenacchi)
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 myocarditis, 11 % abnormal intramyocardial 
arteries, 11 % arrhythmogenic cardiomyopathy 
(ARVC), and 11 % normal) (Strain et al. 1983).

Apart from myocarditis with arrhythmic pre-
sentation, as previously discussed, EMB may be 
of use in diagnosing sarcoidosis or arrhythmo-
genic cardiomyopathy.

Sarcoidosis is a systemic granulomatous dis-
ease and may involve the heart in association 
with other organs or, less commonly, in isolation, 
which is more difficult to recognize. This disease 
is the most frequently missed clinical diagnosis, 
and in some cases an unexpected diagnosis of 
sarcoidosis is made on biopsy of patients with 
ventricular tachycardia, suspected arrhythmo-
genic cardiomyopathy, or restrictive cardiomy-
opathy (Ladyjanskaia et al. 2010; Corrado and 
Thiene 2009).

Histological findings are pathognomonic or 
highly suggestive of the disease, showing the 
typical granulomatous inflammation with epithe-
lioid compact granulomas.

Due to the focal nature of the infiltrates and 
the fact that sarcoid tends to involve the base of 
the heart, which is not the area usually biopsied 
(Veinot 2002a), EMB has been reported to have 
poor sensitivity in systemic sarcoidosis with pre-
sumed cardiac involvement, being positive in 
19–25 % of cases (Ardehali et al. 2005). A posi-
tive biopsy guides management with corticoste-
roids and prophylactic use of a defibrillator. To 
increase the sensitivity of the procedure, electro-
physiological (electro-anatomic mapping) or 
image-guided biopsy procedures have been 
utilized.

In arrhythmogenic cardiomyopathy, right ven-
tricle EMB may serve as a diagnostic tool, espe-
cially in sporadic forms (not familial), or to 
exclude mimics (i.e. myocarditis, sarcoid, etc.). 
Histological examination shows fibrous or fibro-
fatty replacement and myocardial atrophy, which 
are not specific (e.g. also seen in muscular dys-
trophies). Fatty tissue alone is not considered 
diagnostic for ARVC, since fat is normally found 
in the endocardium and myocardium, particu-
larly at the anterolateral apical right ventricular 
free wall. Currently, the principal findings are: 
myocyte alterations (hypertrophy and vacuoliza-

tion) and comingling of fibrous and fatty tissue. 
Inflammatory infiltrates can also be present.

Histomorphometry evaluation of right ventri-
cle EMB is supported for research to gather data 
concerning its utility for diagnosis. According to 
the updated diagnostic criteria, fibrous or fibro-
fatty replacement with <60 % residual myocar-
dium in at least 1 EMB sample is a major criterion 
and 60–75 % residual myocardium is a minor cri-
terion for ARVC (Basso et al. 2008; Marcus et al. 
2010). EMB samples from the septum may not 
be particularly helpful. Biopsying the affected 
area, including the right ventricle free wall, may 
be considered.

Diagnostic accuracy increases if the EMB 
sampling site is guided by imaging (magnetic 
resonance imaging) or electrophysiological 
(electroanatomical mapping) techniques.

Immunohistochemistry for plakoglobin and 
other cellular junction proteins is promising since 
it may decrease the need for free wall biopsy as it 
works on morphologically preserved myocar-
dium and thus on septal bioptic samples. 
Attention to specific antibody dilutions and tech-
nique is important. This test needs validation 
before entering routine practice and cannot at 
present replace morphological diagnosis.

6.4.5  Eosinophilic Endomyocardial 
Disease/Hypereosinophilic 
Syndrome

Hypereosinophilic syndrome, although rare, may 
frequently involve the heart with an eosinophilic 
endomyocarditis and thrombus formation. The 
best known diseases are tropical (Davies) endo-
myocardial fibrosis and Loeffler endocarditis 
although many synonyms have accumulated 
through the years.

Tropical (Davies) endomyocardial fibrosis is 
typical in the tropical areas, and usually occurs in 
children and young adults: it is commonly 
 associated with nutritional deficiency, hypersen-
sitivity to malaria, viral and parasitic infections, 
magnesium deficiency, and high cerium intake. 
Pathologically, there is fibrotic endocardial thick-
ening at the apex and inflow of right or both 
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 ventricles, with atrioventricular valve apparatus 
entrapment; endocardial calcification and mural 
thrombosis, as well as variable degrees of suben-
docardial necrosis or degeneration of the under-
lying myocardium (Iglezias et al. 2008).

Loeffler endocarditis (also known as nontrop-
ical eosinophilic endomyocardial disease or 
fibroplastic parietal endocarditis) usually mani-
fests in the fourth decade of life: at gross exami-
nation, there is diffuse deposition of mural 
thrombus over the ventricular endocardium 
incorporated into a whitish fibrous plaque. Three 
stages can be distinguished: an eosinophilic 
endomyocarditis/necrotic (rarely symptomatic) 
stage; a thrombotic stage (with risk of thrombo-
embolism); and a fibrotic stage with cardiac and 
atrioventricular valvular dysfunction (Fauci 
et al. 1982).

EMB can allow a “definite” diagnosis only in 
the acute/active phase, with the demonstration of 
eosinophilic endomyocarditis, endocardial dam-
age, and thrombotic deposition infiltrated by 
eosinophils (Fig. 6.6). A “probable/possible” 
diagnosis can be reached in the chronic phase of 
Loeffler endocarditis and in tropical endomyo-
cardial fibrosis, with the evidence of endocardial 
fibrous thickening and subendocardial myocyte 
abnormalities.

6.4.6  Neoplasms

In rare instances, a patient with a primary car-
diac neoplasm may be considered for transplant, 
and EMB may be pivotal in the diagnostic 
workup, guide to therapy, or palliation if appro-
priate (Fig. 6.7). The main limit is bioptic acces-
sibility of the tumor mass. EMB is relatively 
successful only for intracavitary tumors and rou-
tinely performed only for right-sided lesions eas-
ily accessible for transvenous biopsy; left-sided 
tumors may be biopsied with trans-septal punc-
ture or retrograde via arterial access (Chan et al. 
2001).

6.5  EMB When Histology 
Findings Are Nonspecific

The utility of biopsy for primary cardiomyopa-
thies presenting as dilated, hypertrophic, or 
restrictive phenotypes is mixed.

In genetic cardiomyopathies or in end-stage 
forms of transplant candidates, where etiology 
has not been recognized, histological myocardial 
appearance on endomyocardial biopsy usually 
has a broadly similar aspect because of the non-
specificity of the myocardial response to injury 
which may impose diagnostic limitations.

Fig. 6.6 Hypereosinophilic heart disease––EMB from a 
young woman with a high eosinophil blood count and 
restrictive heart hemodynamics. Ventricular thrombus was 
noted on imaging. The biopsy specimen showed eosino-
philic myocarditis. Eosinophil-rich thrombus material 
was also obtained at the time of biopsy (Hematoxylin 
phloxine saffron ×200)

Fig. 6.7 Melanoma––EMB of a right atrial mass in a 
patient with suspected cardiac and lung metastases. He 
had a clinical history of melanoma. Biopsy was done to 
obtain diagnostic tissue prior to medical therapy 
(Hematoxylin–Eosin ×400)
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The two most commonly encountered abnor-
malities, myocyte hypertrophy and interstitial 
fibrosis, are both nonspecific.

In spite of this, EMB diagnosis may be valu-
able in the workup of heart failure of unknown 
cause (active myocarditis vs. acute exacerbation 
of a chronic disease) to exclude specific diseases 
and even in the pretransplant setting.

In dilated cardiomyopathy (DCM), nonspe-
cific histology includes fibrosis, myocyte nuclear 
enlargement, and often sarcoplasmic degenera-
tive changes such as a perinuclear halo, and myo-
cyte clearing or vacuolization (Fig. 6.8). Myofiber 
attenuation and stretching may be marked. Nuclei 
may be irregular in shape and hyperchromatic.

But EMB can reveal active myocarditis or a 
subacute phase where the disease is evolving into 
DCM, as the initial viral infection led to myocyte 
destruction, followed by a chronic immunologi-
cal attack of the myocytes with autoantibodies 
and with the involvement of the cellular immune 
system (Kawai 1999).

Many immunostains for muscle fiber abnor-
mality can be attempted in cardiomyopathies 
associated with skeletal myopathy to characterize 
the disease, although their use is not still stan-
dardized for routine use (see Chap. 5).

In cases of nontypically sarcomeric hypertro-
phic or in restrictive phenotypes, EMB may be 

helpful in excluding infiltrative (amyloid) or stor-
age diseases or may demonstrate a myocardial 
cause for restriction such as eosinophilic and 
noneosinophilic primary restrictive cardiomyop-
athy (Veinot 2002b).

Fig. 6.8 Idiopathic-dilated cardiomyopathy: EMB speci-
men from a young woman with chronic congestive heart 
failure. Cardiomyocytes of various sizes with nuclear 
enlargement, irregularly shaped, sarcoplasmic vacuoliza-
tion, and interstitial fibrosis are present (Hematoxylin–
Eosin ×200)

Key Points

• Endomyocardial biopsy is a safe and 
useful diagnostic procedure.

• The utility of biopsy is variable depend-
ing upon the disease entity and its path-
ological characteristics, and is 
particularly valuable in defining specific 
forms of heart disease/cardiomyopathy.

• Many histological myocardial findings 
are diagnostically abnormal but nonspe-
cific, while other disorders have diag-
nostic biopsy findings.

• In dilated cardiomyopathy phenotypes 
or in arrhythmia investigation, the abil-
ity of EMB to evaluate inflammatory 
heart disease and define its etiology 
might be a major step in timing of trans-
plantation and prognostic stratification.

• In nontypically sarcomeric hypertrophic 
and in restrictive phenotypes, EMB may 
provide specific diagnosis.

• The main point is to standardize a sys-
tematic clinical–pathological approach 
to diagnosing pretransplant diseases in 
the single transplant center.

Illustrative Case (Fig. 6.9)

This 56-year-old male patient had been pre-
viously healthy but presented complaining of 
episodes of presyncope. Electrocardiogram 
showed right bundle branch block and first 
degree AV block. Transthoracic echocardio-
gram and coronary angiography were unre-
markable. During a stress test, he had 
near-syncope, and complete heart block was 
noted on electrocardiogram. The patient was 
referred for further evaluation.

J.P. Veinot

http://dx.doi.org/10.1007/978-3-319-46386-5_5


111

a b

Fig. 6.9 Illustrative case: Cardiac sarcoid––Electro-
physiologically guided right ventricle biopsy specimen 
showing several nonnecrotizing granulomas consistent with 

involvement of the heart by sarcoidosis (Hematoxylin–
Eosin: a ×100; b ×200). Special stains for microorganisms 
were negative

An intravenous pacemaker (ICD) was 
inserted, and the patient was referred for an 
FDG-PET (fluorodeoxyglucose-positron 
emission tomography) scan which showed 
multifocal FDG uptake, suggestive of car-
diac sarcoidosis.

Electroanatomical mapping showed 
numerous areas of low voltage; the right 
ventricular outflow region had normal 
mapping.

A CARTO-guided EMB was performed 
and was not diagnostic, so a dual chamber 
ICD was inserted.

A second CARTO-guided EMB was 
performed, and the right ventricular biopsy 
specimens showed nonnecrotizing granu-
lomatous inflammation consistent with sar-
coid (Fig. 6.9). Special stains for acid-fast 
bacilli and fungi were negative.

The patient was placed on an oral ste-
roid and an angiotensin-converting enzyme 
inhibitor and did well.
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7.1  Background

Careful evaluation of donors and donor organs is 
essential for all solid organ transplantations, as 
their characteristics affect recipient outcome.

In heart transplantation, particularly, two 
additional aspects are also crucial:

• Donor age, which is closely related to age- 
dependent risk of transmission of donor sub-
clinical diseases, most commonly coronary 
artery atherosclerosis.

• The effects – still poorly understood – that 
potentially reversible myocardial abnormali-
ties can have in the immediate/early postop-
erative period for an organ with largely 
mechanical properties.

Currently these two aspects are particularly 
significant in light of the notable increase in 
donor mean age over the last 10 years and the 
more critical management of brain-dead donors, 
where pathophysiology of brain death can nega-
tively affect the heart.

The clinician’s final decision as to whether 
to accept a heart comes at the end of a complex 
process, starting with identification of a poten-
tial deceased donor and proceeding through 
various steps including referral to procurement 
team, local legislation, donor management and 
assessment of donor risk (Kransdorf and 
Stehlik 2014).
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In this chapter, we will review the main prin-
ciples guiding the decision-making on donor 
heart suitability for transplantation and the patho-
logical abnormalities that can be found in a dis-
carded donor heart.

7.2  Clinical Considerations 
for Donor Selection

Although many studies have examined the impact 
of recipient characteristics on survival after heart 
transplantation, emerging data suggest that donor 
parameters are also a major factor in post-transplant 
mortality (Lund et al. 2014; Smits et al. 2012; Khush 
et al. 2013). When offered a candidate heart from a 
suboptimal donor, clinicians are inclined to reject it 
in the expectation of an unfavorable outcome.

Despite the organ shortage, only 36.9 % of 
donors reported to Eurotransplant Registry were 
considered potential candidates, and of these 
only 64.6 % were ultimately used for transplanta-
tion (Smits et al. 2012). Furthermore in Europe, 
donors are significantly older than in the USA 
(Lund et al. 2014): the median age for heart 
donors in Eurotransplant has increased from 34 
years in 1996 to 45 years in 2011. There is clearly 
an imperative to balance increasing waiting times 
and the risk of mortality while awaiting a trans-
plant versus poor post-transplant survival due to 
marginal donor hearts. To this end, an objective 
donor quality assessment tool to supplement clin-
ical experience would be helpful for centers 
deciding whether or not to accept a donor heart 
that is suboptimal but which may be usable.

To evaluate a potential donor heart, a series of 
examinations and inquiry of demographic data of 
the donor are necessary.

These first sets of data define the primary 
quality of the donor heart and determine the 
intensive care of the donor.

7.2.1  General Donor Criteria

7.2.1.1  Donor Age
Medical literature shows contradictory evidence 
on the risk of donor age for early and long-term 

outcome after cardiac transplantation. The defini-
tion of an ‘old’ cardiac donor varies among centers 
and reports: some centers define donor old age as 
>40 years, whereas others give 50, 55 or 60 years. 
There have been reports of good transplant out-
comes using donor hearts >60 years of age (Smits 
et al. 2012; Roig et al. 2015; Wittwer and Wahlers 
2008); however, most published data, especially 
large registry data, show a clear association with 
greater donor age and worse outcome. The 
International Society for Heart and Lung 
Transplantation (ISHLT) Registry shows a steadily 
increasing risk with every 10 years of donor age 
(i.e. 1 year death risk for a 40 years donor is 1.14 
times that of under 40 years donors; for a 50 years 
donor the risk is 1.30 and for a 60 years donor 1.48) 
(Lund et al. 2014). Thirty-day survival especially 
seems much decreased with older donors. Although 
some studies also suggest decreased long-term sur-
vival, most studies show little influence after the 
first month (Young 1999; Lietz et al. 2004).

Besides direct influence on survival, older 
donor hearts have a higher risk of developing 
graft vasculopathy (Li et al. 2006; Stehlik et al. 
2010; Caforio et al. 2004). Increased age is asso-
ciated with the development of cardiovascular 
risk factors which may affect chances of subclin-
ical coronary artery disease: if undetected, the 
disease can be transmitted to the recipient 
through the transplant. Besides coronary lesions, 
arterial hypertension, diabetes mellitus and left 
ventricular hypertrophy may also impact donor 
heart quality (Kuppahally et al. 2007; Marelli 
et al. 2000).

Every risk factor increases the potential for 
intra- and perioperative complications due to 
graft dysfunction. Therefore, close cardiac exam-
ination is of prime importance with older donors 
and those with risk factors. In addition, an 
expected longer ischemic time might have a sig-
nificant negative effect on primary graft function. 
Some authors report up to 40 % 1-year mortality 
in older donor hearts with long ischemic time 
(see ischemic time section) (Lund et al. 2014).

Recipient selection for older donor hearts has 
been discussed from more than a decade. 
Strategies of old-for-old allocation or older donor 
hearts for alternative waiting list patients have 
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been reported with acceptable results (Roig et al. 
2015; Dark 2015). Newer reports have not found 
any negative interaction between donor and 
recipient age concerning mortality or graft vascu-
lopathy (Eskandary et al. 2014).

7.2.1.2  Donor Size and Weight
For the selection of a donor heart, donor size and 
weight combined or body mass index (BMI) 
seem to be more important than weight alone 
(especially in smaller donors). In general, an 
average size/weight donor (175 cm, 75 Kg) 
seems to be acceptable for most recipients. 
Moderate oversize, especially for recipients with 
elevated pulmonary vascular resistance, seems to 
be helpful, although controversial and little sup-
ported by evidence (Sethi et al. 1993; Hosenpud 
et al. 1989; Patel et al. 2008). Nevertheless, 
extreme oversizing might be problematic for 
patients with previous cardiac surgery or small 
normal-sized hearts and can lead to restrictive 
dysfunction of the graft. Moreover there have 
been reports of higher rates of graft vasculopathy 
in donors > 90 kg (Li et al. 2006).

Female donor hearts are smaller and are asso-
ciated with lower cardiac output than male hearts 
in equal-sized persons, partially explaining the 
increased early mortality observed in undersized 
female donor hearts transplanted into male recip-
ients (Weiss et al. 2009; Reed et al. 2014). Thus, 
appropriate size match between donor and recipi-
ent should be a major guiding principle for accep-
tance and appropriate allocation of organs.

7.2.1.3  Donor History
Information on cardiovascular risk factors (hyper-
tension, diabetes mellitus, smoking, drinking hab-
its and family history) as well as cardiotoxic 
substances (cocaine, cardiotoxic medication, pre-
vious chemotherapy, CO- or cyanid- intoxication) 
and indirect evidence of risk factors need to be 
examined (Smits et al. 2012). Many donors with 
intracerebral bleeding had untreated hypertension 
for years. Patient history might also reveal known 
cardiac disease (coronary artery disease, valve 
disease, rhythm disorders).

If donors underwent cardiopulmonary resusci-
tation (CPR), it is important to have  information 

about time, duration and cause of CPR. If any 
cardiac disease is associated with CPR, the donor 
heart should not be used; if no cardiac cause can 
be detected and heart function was restored to 
normal after CPR, donor heart procurement can 
be performed (Ali et al. 2007).

7.2.1.4  Cause of Death
Brain death cause can negatively influence donor 
heart function (impaired contractility, arrhythmia 
and increased cardiac enzymes) and therefore 
impact post-operative prognosis (Mohamedali 
et al. 2014; Berman et al. 2010).

In non-traumatic intracranial bleeding, a cate-
cholamine surge can develop that is associated 
with temporary cardiac dysfunction. Optimal 
donor management and postponing of organ pro-
curement can reduce non-acceptance rates for 
donor hearts and the risk of primary graft dys-
function (Mohamedali et al. 2014). A potential 
pitfall here, however, is left ventricular hypertro-
phy: patients dying from cerebral hemorrhage are 
often hypertensive and may be carriers of 
unknown hypertensive cardiac disease, which 
can lead to a restrictive syndrome, difficult to 
manage in the post-operative phase (Kuppahally 
et al. 2007).

In traumatic brain death by gunshot, the sud-
den increase of intracerebral pressure can also 
lead to an increase of endogenous catechol-
amines. But in this case, in addition to the nega-
tive impact on myocardial contractility, there 
have been reports of increased antigen expression 
in donor tissue after brain death due to explosive 
brain injury associated with higher risk of graft 
rejection (Karamlou et al. 2005).

7.2.1.5  Malignancies
Most malignancies are contraindicated for trans-
plantation: only supratentorial brain malignan-
cies without metastasis can be used for organ 
donation. In donors with malignancies in remis-
sion, data on grading, staging, therapeutic  history, 
last oncological control are mandatory for a deci-
sion on potential procurement.

When unexpected donor lesions are found, 
histology examination may be extremely useful 
(Desai et al. 2014; Warrens et al. 2012).

7 Donor Selection Criteria: Clinical and Pathological Insights
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7.2.1.6  Infection
Information on donor infection status is important. 
Besides syphilis serology, antibody data on human 
immunodeficiency virus (HIV), Hepatitis B and C 
viruses (HBV and HCV) as well as Cytomegalo-
virus (CMV), Epstein Barr virus (EBV) and 
Toxoplasma are the most frequent routine analyses 
(Smits et al. 2012). HIV and HCV positive donors 
are not normally accepted (only for HIV and HCV 
positive recipients). However, the availability of 
new and effective drugs for Hepatitis C now offers 
an opportunity to use those organs and prophylac-
tically treat the recipients. Donors with positive 
HBV serology can be used either for positive 
recipients or if donor is not infectious. CMV and 
EBV positive donors can be accepted if prophy-
laxis is used in negative recipients. In syphilis or 
toxoplasmosis positive donor organs, long-term 
prophylaxis in the recipient is mandatory.

7.2.2  Cardiac Specific Donor 
Criteria

7.2.2.1  Electrocardiogram (ECG)
ECG provides important information on cardiac 
pathology. Rhythm disturbances, signs of left 
ventricular hypertrophy and ischemic areas in the 
donor heart can easily be detected.

7.2.2.2  Echocardiography
Transthoracic or transesophageal echocardiogra-
phy is now a routine donor examination in most 
hospitals.

The following parameters are used for 
decision-making:

 1. Ventricular dimensions (left ventricular end 
diastolic diameter <56 mm; right ventricular 
end diastolic diameter <30 mm).

 2. Ventricular function: with a left ventricular 
ejection fraction (LVEF) >45 % most donor 
hearts can be accepted. In hearts with LVEF 
<45 % one should consider temporary impair-
ment of heart function due to catecholamine 
surge during brain death (or excess of cate-
cholamine support in the intensive care unit). 

Therefore, after donor optimization there 
should be serial examinations (Mohamedali 
et al. 2014; Casartelli et al. 2012).

Global, as well as regional wall motion 
abnormalities due to brain death can be tem-
porary. Nevertheless, regional wall motion 
abnormalities may be signs of coronary artery 
disease and need to be examined by coronary 
angiography, if available. Stress echocardio-
graphy has also been found to give promising 
results (Bombardini et al. 2014).

Impaired right ventricular function (tricuspid 
annular plain systolic excursion >1.8 - TAPSE) 
can be temporary and also a sign of catechol-
amine surge. Nevertheless, persistent right ven-
tricular dysfunction in the donor is associated 
with post-operative right ventricular failure.

 3. Left ventricle (LV) myocardial thickness: mild to 
moderate LV hypertrophy per se has no negative 
effect on early and long-term survival. However, 
septum thickness >13 mm, especially in older 
donor grafts with cardiovascular risk factors, is 
associated with higher perioperative death and 
worse long-term outcome (Marelli et al. 2000; 
Goland et al. 2008; Kuppahally et al. 2007).

 4. Valve morphology: any stenosis or moderate 
to severe insufficiency of any valve is a con-
traindication for organ donation. In selected 
cases, a valve reconstruction or replacement 
strategy might be considered.

 5. Congenital heart disease: non-complicated 
atrium-septal defect and normally functioning 
bicuspid aortic valve are the only congenital 
diseases that can be accepted for heart dona-
tion. However, close visual examination of 
right ventricular size by the retrieving team is 
essential before the heart can be accepted. 
Any defects are closed at a back- table before 
the heart is implanted.

Apart from all this however and besides clearly 
pathological conditions, it should be remembered 
that acceptance should not rely on single ultra-
sound measurements since repeated assessment 
may show improvement (Casartelli et al. 2012); 
the technique itself is also subject to considerable 
measurement variability (Khush et al. 2015).
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7.2.2.3  Coronary Angiography
Donor hearts with a preexisting coronary artery 
disease (CAD) (stenosis >50 %) have two to 
three times higher risk of early graft failure after 
transplantation. The results are even worse in 
hearts with two- or three-vessel disease (Grauhan 
et al. 2007). Mild arteriosclerotic lesions how-
ever largely without significant stenosis can be 
found in younger patients and the hearts may be 
acceptable for transplantation. Nevertheless, 
preexisting lesions do not tend to lead to faster or 
severe disease progression (Caforio et al. 2004; 
Li et al. 2006).

Coronary angiography should be performed 
whenever possible in cases with high risk of 
CAD or signs of potential CAD in ECG or echo-
cardiography. In older donors (>55 years) espe-
cially coronary angiography should be scheduled 
more frequently in order to lower age-related 
organ decline rate, as donor hearts without signs 
of CAD can be transplanted with good short- as 
well as long-term outcomes (Hauptman et al. 
2001). As an alternative to angiography, a coro-
nary computed tomography (CT) scan with cal-
cium-score can be performed to detect potential 
CAD.

7.2.2.4  Targets of Donor Support
Most organ donors are treated with vasopressor 
(norepinephrine) and/or inotropic (dobutamin, 
dopamine) drugs. Before brain death, medical 
treatment centers on protection of brain perfu-
sion and reduction of brain edema. However, 
immediately after brain death, therapy should 
focus on organ protection and vasopressor sup-
port should be minimized to achieve organ perfu-
sion (Smits et al. 2012). Hypovolemic donors 
should receive enough volume infusion to 
achieve normovolemia. Ideally inotropic support 
should not exceed 7.5 g/kg/min dopamine/dobu-
tamine and 0.4 g/kg/min norepinephrine. Any 
higher dose catecholamine support above these 
thresholds is associated with potential organ 
damage and should be carefully considered in the 
decision-making process (Abuanzeh et al. 2015).

Absolute contraindications for donor heart 
acceptance are summarized in Table 7.1.

7.3  Pathology in the Donor 
Selection Process

Despite the wide variability worldwide in the cri-
teria and pieces of information needed to assess 
heart suitability, pathological assessment of heart 
biopsy is not part of the routine workout, as it 
may be for abdominal organs.

In donor renal biopsy, histologic scoring to 
evaluate the sum of interstitial fibrosis, tubular 
atrophy, glomerulosclerosis and vascular damage 
is used to predict delayed graft function risk, now 
that donor criteria have been expanded due to 
organ shortage (Jochmans and Pirenne 2011; 
Balaz et al. 2013).

In allograft liver biopsy too, the predictive 
value of histologic analysis of steatosis, fibrosis 
and necrosis is evaluated for the development of 
primary non-function or poor function as well as 
allograft dysfunction (D’Alessandro et al. 1991; 
Markin et al. 1993). A single liver biopsy may be 
sufficient for assessing the extent of macrovesic-
ular steatosis and frozen sections permit rapid 
evaluation of steatosis, fibrosis, inflammation 
and hepatocyte necrosis, which can contraindi-
cate transplantation. But independently of 
 steatosis and fibrosis, the usefulness of liver 
biopsy for assessment of elderly donor or hemo-
dynamically unstable allografts still remains 
unclear (Durand et al. 2008).

There are no conclusive data on the true pre-
dictive value of donor organ histology during 
assessment, and many problematic issues must 

Table 7.1 Absolute contraindications for accepting 
donor hearts

Severe global hypokinesia after optimization of donor 
treatment (central venous pressure, inotropic drugs)

Severe diffuse CAD in coronary angiography

Myocardial infarction in donor history

Complex ventricular arrhythmia

Severe congenital heart disease

Extracranial or infratectorial malignancy

CO intoxication with Met-HB >20 %

Systemic uncontrolled bacterial infection

Active endocarditis

7 Donor Selection Criteria: Clinical and Pathological Insights
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be considered, especially for the heart, whose 
anatomic and functional features make it very 
different from other organs for transplant.

Although from a technical point of view a 
myocardial biopsy can be performed during a 
multiorgan donation, the need for the heart to 
limit ischemic time as much as possible does not 
allow adequate sample processing, as even the 
rapid process requires around 2 hours. 
Extemporary frozen sections are not adequate for 
assessing the type of histologic lesions to evalu-
ate and definite specimens are necessary.

Moreover non-targeted bioptic sampling is 
not representative; even if lesions are recognized, 
the essential parameter is their extent throughout 
the whole myocardium.

In addition, clinical or instrumental data 
(echocardiography, angiography) frequently 
make it possible to obtain extensive information 
on the whole heart.

In this context, the substantial contribution of 
pathology in heart donation is the opportunity to 
routinely evaluate the whole discarded organ in 
order to recognize possible correlations between 
pathological alterations and clinical-instrumental 
data obtained before rejection. If generally 
adopted, this could be one relatively simple 
means to improve current criteria for accepting 
hearts and help identify a subgroup of potentially 
usable organs, currently discarded. Protocols 
shared within single transplant centers would 
provide additional pathologic information with 
little effort.

7.4  Pathology Findings in Donor 
Discarded Hearts

The evaluation of non-procured donor heart 
specimens or of the entire organ in order to obtain 
pathologic information is not routine procedure 
in transplant centers, and this is probably due to 
variation in local legislation and also religious 
aspects.

Available data, although lacking in detail, 
concern legislation and directives on tissue bank-
ing (e.g. the European Commission directives), 
which aim to collect all possible medical infor-

mation before releasing tissue for transplantation 
(Van Geyt et al. 2010).

In this context, some reports emphasize the 
value of autopsy or of any histological examina-
tion other than autopsy to improve the safety of 
transplantation for all types of tissue: Visser et al. 
show that contraindications for tissue transplanta-
tion were found in 7.8 % Dutch donors who 
underwent autopsy (n. 220) or any histological 
examination of tissue remnants - including heart 
tissue - (n. 136) of 758 Dutch donors enlisted in a 
6-month period and suitable for at least one tissue 
transplantation (Visser et al. 2012).

Specifically for the heart, the valve tissue 
banking program is crucial to create an opportu-
nity to perform pathologic examination of the 
entire heart or of heart tissue remnants following 
valve donation: the valve removal procedure does 
not significantly impair cardiac pathologic exam-
ination, especially if adequate caution is taken 
(Mackey-Bojack et al. 2007).

Nowadays, heart valves can be obtained not 
only from deceased donors (brain death and car-
diac death) but also from “live donors”, i.e. recip-
ients of transplanted hearts.

In this regard, the experience at the National 
Cardiovascular Homograft Bank of Singapore 
(Heng et al. 2014) is notable; pathologic examina-
tion of heart tissue became mandatory for valve 
deceased donors after routine pathology study of 
recipient native hearts revealed a case of cardiac 
sarcoidosis, which may be a possible contraindi-
cation to tissue retrieval as it can involve cardiac 
valves. In their work, aimed at increasing the 
safety of heart valve homografts, Heng et al. pro-
vided convincing data to support the importance 
of examining hearts not only for safe tissue dona-
tion but also for motivated exclusion.

In the setting of organ retrieval, a paper by 
Doroshow et al. (1995) emphasizes the potential 
role of myocardial pathology evaluation in brain- 
dead infant donors who have undergone autopsy, to 
define more accurate predictors in assessment of 
donor suitability. This report highlights the issue of 
lack of correspondence between pathology find-
ings and current clinical selection criteria.

These data, although limited, emphasize that 
pathology evaluation of discarded hearts and 
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anatomo-clinical correlation may be essential 
additional factors to identify donor features that 
may assist selection and potentially improve the 
number of organs accepted.

As summarized in Sect. 7.2, the criteria for 
heart acceptance rely mainly on the data provided 
by the intensive care units regarding patient history 
and current management. The donor heart case 
records are heterogeneous and incomplete, and it is 
often difficult to piece together standardized infor-
mation regarding the refusal of a heart based on 
instrumental data from coronary angiography and 
echocardiography, as these tests are not routinely 
performed. Consequently subjectivity still plays a 
significant role in donor heart evaluation and more 
reproducible objective data would be desirable.

To illustrate the potential value of donor heart 
pathology evaluation, we will present some data 
from the Heart Transplant Center of Bologna 
(Italy), where pathology examination of a consid-
erable number of donor hearts unsuitable for 
transplantation has been carried out for some 10 
years, in the context of two major projects:

• The “valve tissue bank” project. Since 2006, 
throughout the Emilia-Romagna region, all 
hearts of multitissue donors excluded from 
donation for various reasons are explanted in 

order to collect valves for the tissue bank and 
sent to the Pathology Institute of the 
Sant’Orsola Hospital for centralized patho-
logical examination.

• The Adonhers (Aged Donor Heart Rescue by 
Stress Echo) project, which uses pharmaco-
logical stress echocardiography screening for 
marginal donors to identify healthy donor 
hearts that would historically have been 
rejected due to patient age or transient left 
ventricular dysfunction.

7.4.1  Methodology of Pathology 
Examination

The pathological approach for gross and histo-
logical examination of these hearts should be 
very accurate and standardized in order to make 
data as comparable as possible.

The approach is as for explanted native hearts 
in terms of gross examination, sectioning, sam-
pling for histology and staining, as detailed in 
Chap. 5, especially Sects. 5.1 and 5.2. The main 
limitation is the condition of the heart, which due 
to removal of semilunar valves for bank tissue, is 
often incomplete or fragmented (Figs. 7.1 and 
7.2). An expert cardiovascular pathologist will 

a b

Fig. 7.1 (a, b) Multitissue donor hearts excluded from donation and explanted for the valve tissue bank. The hearts are 
almost complete: only the ventricle outflow tracts are missing due to semilunar valve removal
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however be able to reconstruct the heart, although 
parts of some epicardial main coronary arteries 
can inevitably be missed. Keeping in mind the 
current recommendations from the Association 
for European Cardiovascular Pathology and 
Society for Cardiovascular Pathology is a good 
rule (Stone et al. 2012).

After recording weight (entire or summing dif-
ferent fragments), dimensions, shape and cham-
ber sizes, any external alterations should be noted.

Before sectioning the heart, the main subepi-
cardial coronary arteries (left main, left anterior 
descending, left obtuse marginal and circumflex 
branches and right coronary) should be opened in 
situ with multiple transverse cuts at 3-mm inter-
vals along the course and atherosclerotic plaques 
described. Then serial transverse sections along 
the short axis of the heart are obtained from the 
apex to the midventricular level (as far as the 
apex of papillary muscles) at 1-cm intervals.

Parietal myocardium thickness of the free wall 
of both ventricles and the interventricular septum 
should be measured at basal, medium and apical 
levels. Gross appearance of the myocardium should 
be carefully noted and detailed description of evi-
dent alterations be given: recent lesions, scars or 
fibrosis, fatty or fibro-fatty replacement, specifying 
their extent and localizations in both ventricular 
walls or septum and along the subepicardial- 
mediomural-subendocardium layers.

Sampling is extensive: an entire representative 
transverse slice at midventricular level; further 
specimens from each right and left ventricle and 
interventricular septum (one sample from the 
right ventricle, one from the left ventricle and one 
from the septum from both basal and apical seg-
ments); all macroscopically altered areas; ste-
notic or obstructed tracts of coronary artery 
(serial blocking) or, if these lesions are absent, 
randomized samples.

Standard Haematoxylin-Eosin, stains for col-
lagen and elastic fibers (Masson or Mallory tri-
chrome, Weigert–Van Gieson, etc.) and further 
appropriate histochemical and immunohisto-
chemical staining are performed.

All the hearts were examined by an expert car-
diovascular pathologist, blind in the first instance 
to clinical information or death circumstances. 
Pathology and clinical data were subsequently 
correlated.

7.4.2  Heart Pathology Findings  
in “Valve Tissue Bank” 
Project Pool

Preliminary data are available for 210 hearts, both 
from multitissue and multiorgan donors. It was a 
heterogeneous group of patients (72 % males and 
28 % females, with a median age of 42 years – range 

a b c

Fig. 7.2 Multitissue donor hearts excluded from donation and explanted for the valve tissue bank. In these cases hearts 
are incomplete and fragmented. (a, b) The middle part of the organs is lacking. (c) The base of the heart is lacking
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11–66): only about half were heart donors; the oth-
ers were multitissue donors. The hearts were 
removed exclusively for valve tissue banking.

The causes of death are listed in Table 7.2, 
most frequently road accident and brain haemor-
rhage and the reasons for excluding a heart from 
donation in Table 7.3, where the most frequent 
reasons are cardiac arrest, heart pathology and 
exclusion due to positive echocardiography or 
altered ejection fraction.

Other factors influencing exclusion (9.4 %) 
were female gender, brain haemorrhage/ictus, 
diabetes, dislipidemia, inotropic drugs > 0.04 g/
kg/min.

The hearts of this heterogeneous group fall 
into two main categories:

 1. Hearts with significant disease/damage 
(78 %), where pathology alterations may be 
categorized as:
• Pathologies preexisting donation (55 %)
• Pathologies arising in the course of dona-

tion (23 %)

 2. Hearts with no significant damage/pathologic 
findings (i.e. pathologically normal hearts) 
(22 %)

The major preexisting disease was coronary 
atherosclerosis (Fig. 7.3) associated with myocar-
dial signs of ischemia/hypoperfusion in varying 
degrees and stages of evolution (Fig. 7.4). A  
few additional particular lesions such as hyper-
tensive heart disease, cardiac trauma, lymphocytic 
 myocarditis, myocardial bridging, anomalous 
 origin of coronary arteries and an unusual case of 
diffuse microvascular thrombosis were also found 
(Fig. 7.5).

Focusing on coronary atherosclerosis, the 
degree of plaque stenosis was evaluated semi-
quantitatively at histology, considering the reduc-
tion of cross-sectional luminal area between the 
luminal border of the plaque and the internal 
elastic lamina. Atherosclerosis was graded as 
mild (stenosis < 50 %), subcritical (50–75 %) and 
critical/significant (75–100 %) (Fig. 7.6). While 
taking into account the limitations of pathologi-
cal examination of coronary atherosclerosis 
(nonphysiological conditions of nonpressure- 
distended arteries and nonpressure-fixed vessels, 
and the inevitable collapse of the medial layer 
where it is uninvolved by the eccentric plaque), 
41.4 % of patients had coronary atherosclerosis – 
critical/significant in 33 %. In this last subgroup, 
the disease was prevalently (70 %) limited to a 
single coronary vessel (monovasal); double or 
triple vessel involvement was found in only 30 % 
of cases (22.5 % bivasal; 7.5 % trivasal). The 
median age of patients with significant CAD was 
51.3 years (42 years for the entire group).

Damage attributable to events during donation 
can principally be attributed to cathecolamine- 
injury, due to both neurogenic stunned myocar-
dium and inotropic therapy.

These lesions were present in a significant 
number of patients, both in isolation as the main 
lesion in non-altered hearts or in association with 
other diseases.

Donor hearts work in an extraordinary phys-
iopathologic context, where many factors con-
cur: processes related to brain death with 
endogenous autonomic/cathecolamine storm and 

Table 7.2 Causes of death in donor pool (Valve tissue 
bank project, Heart Transplant Centre of Bologna, Italy)

Road accident: 32.2 %

Brain haemorrhage: 20.8 %

Cranial trauma: 13.9 %

Sudden death: 9.4 %

Cardiac arrest: 7.5 %

Suicide: 5.6 %

Ischemic ictus: 5 %

Subarachnoid haemorrhage: 2.5 %

Miscellaneous: 2.5 %

Table 7.3 Reasons for excluding a heart from donation 
(Valve tissue bank project, Heart Transplant Centre of 
Bologna, Italy)

Cardiac arrest: 51.2 %

Positive stress-echo/altered ejection fraction: 11.7 %

Heart pathology: 11 %

Age: 6.7 %

Haemodynamic instability: 5.5 %

Globally suboptimal donation: 1.2 %

Atrial fibrillation: 0.6 %

Lack of recipients: 1.2 %

Lack of information: 1.5 %
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a b

c d

e f

Fig. 7.3 Donor coronary artery atherosclerosis. 
Macroscopic specimens of left anterior descending coro-
nary artery (a, c, e) and corresponding histologic sections 
(b, d, f), showing a fibrocalcific plaque (a, b, Weigert-Van 
Gieson, 25×), a fibrolipidic plaque (c, d, Haematoxylin- 

eosin, 25×) and a predominantly fibrous plaque with his-
tiocytes and focal lipid deposits (e, f, Weigert-Van Gieson, 
25×). All the atherosclerotic plaques severely narrow the 
lumina (asterisks), by 80–95 %
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neurohormonal derangement, cathecolamine 
surge  occurring in patients with subarachnoid 
haemorrhage and sustained pharmacologic ino-
tropic support (Dronavalli et al. 2010). These 
profound changes, mainly related to intensive 
sympathetic and catecholamine activity, may 
result in severe myocardial injury and dysfunc-
tion (Zaroff et al. 2003). The histologic substrate 
underlying these changes, all due to adrenergic 
stress, is nowadays known, although investigated 
in different contexts: toxic myocardial damage, 
pheochromocytoma, stress cardiomyopathy/
acute emotional distress, stunning myocardium, 
consequent on subarachnoid haemorrhage or 
traumatic head injury, exogenous administration 
of catecholamines or drugs with sympathomi-
metic mechanism (Sardesal et al. 1990; Giavarini 
et al. 2013; Burke et al. 2001; Pérez López et al. 
2009; Berman et al. 2010).

In these conditions histology can show: con-
traction band necrosis with transverse eosino-
philic homogeneous hypercontracted/cross bands 
or diffuse sarcoplasmic hypereosinophilia, real 
coagulative-type cardiomyocyte necrosis or foci 
of toxic myocarditis made up of small aggregates 

of eosinophilic/fragmented myocells surrounded 
by scarce inflammatory infiltrates (prevalently 
macrophages or granulocytes, sporadic lympho-
cytes or mixed inflammation) (Fig. 7.7).

These necrotic-inflammatory lesions are indi-
vidually small and show typical focal/multifocal 
distribution. They probably result from both 
direct damage to the myocyte or acute necrosis 
secondary to acute hypoxia through vasocon-
striction of small intramyocardial vessels.

Due to the heterogeneity of these cases, the 
pathology data cannot be used for detailed anato-
moclinical correlation regarding hearts excluded 
from donation. But the essential message is that 
routine pathology examination can be useful to 
categorize pathologies present in hearts excluded 
from donation and also to identify hearts with 
structural versus potentially reversible 
abnormalities.

The main results to emphasize:

• A significant number of these hearts were 
pathologically normal and potentially suitable 
for acceptance: most of the damage seemed 
acquired during the process of brain death and 

a b c

d e f

Fig. 7.4 Donor myocardial signs of ischemia/hypoperfu-
sion in varying degrees and stages of evolution. (a) 
Myocell waving (Haematoxylin-eosin, 100×); (b) myo-
cell thinning out and waving within oedematous and 
fibrotic myocardial interstitium (Haematoxylin-eosin, 
100×); (c) area of early coagulative necrosis 

(Haematoxylin-eosin, 100×); (d, e) diffuse and advanced 
coagulative necrosis with neutrophilic interstitial infiltra-
tion (Haematoxylin-eosin, 200×); (f) reparative phase of 
ischemia with loose fibrous tissue and granulation tissue 
(Haematoxylin-eosin, 100×)
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a b

c d

e f

Fig. 7.5 Particular and rarer lesions/diseases found in 
donor hearts. (a) Subendocardial and interstitial haemor-
rhage, associated with myocyte damage, due to cardiac 
contusion trauma (Haematoxylin-eosin, 200×); (b) macros-
copy of cardiac trauma in the interventricular septum; (c) 
active multifocal lymphocytic myocarditis (Haematoxylin-
eosin, 200×); (d) an unusual case of diffuse myocardial 

microvascular thrombosis (Haematoxylin- eosin, 200×) – 
the main branches of coronary arteries were uninvolved;  
(e) myocardial bridging, an anatomical congenital variation 
of coronary circulation in which an epicardial artery lies in 
the myocardium for part of its course. In the image the left 
descending coronary artery is ‘bridged’ by the myocar-
dium; (f) detail of myocardial bridging
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Fig. 7.6 (a, b) Donor mild (stenosis < 50 %) coronary 
artery disease: intimal thickening made up of collagen 
mixed with fibroblasts and mononuclear inflammatory 
cells (pathological intimal thickening/AHA type III inter-
mediate lesion/preatheroma) (Azan Mallory trichrome, 
25×). (c, d) Donor subcritical (stenosis 50–75 %) coro-
nary artery atherosclerosis. (c) Pathological intimal thick-
ening with focal extracellular lipid accumulation 
(Haematoxylin- eosin, 25×); (d) early fibroatheroma 
(AHAtype IV lesion/ atheroma), where the plaque is 

formed by a central lipidic core and a luminal fibrous cap 
(Azan Mallory trichrome, 25×). (e, f) Donor significant 
critical (stenosis >75–100 %) coronary artery atheroscle-
rosis. Advanced fibroatheroma (AHA type IV-V/fibroath-
eroma), which widely affects the intimal surface as a 
consequence of progressive depositions of lipidic and 
fibrous components. In f the central lipidic core is for the 
most part formed by cholesterol crystals, with some 
necrotic debris (Haematoxylin-eosin, 25×). AHA 
American Heart Association classification
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donor management. These organs came from 
younger donors with a low cardiovascular risk 
profile, high catecholamine doses and with a 
low ejection fraction, supporting the idea that 
special management might have improved 
eart function and acceptability in at least some 
cases.

• Coronary atherosclerosis was confirmed as a 
major issue in the older donors, but severity 
and distribution in the coronary tree needs 
careful evaluation with appropriate instrumen-
tal methods. The presence of atherosclerosis 
was more common in older donors with a sig-
nificant cardiovascular risk profile.

• The need for better understanding of the phe-
nomenon of cathecolamine-associated ven-
tricular dysfunction and related myocardial 
damage, in order to recognize potentially 
reversible abnormalities and poorly function-
ing hearts potentially suitable for acceptance 
(Berman et al. 2010). Some of such abnormal-
ities could be recuperated with appropriate 
treatment and some dysfunctional hearts 
become of clinical use for transplantation 
(Casartelli et al. 2012).

It is incumbent on us all to use every possible 
method to improve the number of usable hearts 
as waiting list mortality is increasing and donated 
hearts decreasing. We should probably abandon 
the simple idea of “a good or bad donor heart” 
and consider a wider spectrum of suitability of 
hearts for transplantation.

7.4.3  Adonhers (Aged Donor Heart 
Rescue by Stress Echo) Project

Here we want to describe the results of pathology 
evaluation of donor hearts excluded in the 
Adonhers project.

The Adonhers protocol uses marginal candi-
date donors, defined as those aged >50 years or 
<50 years with concomitant risk factors (history 
of cocaine use or three risk factors such as hyper-
tension, diabetes, smoking history, dyslipidemia 
or family history of premature coronary artery 
disease).

After legal declaration of brain death, all mar-
ginal donors undergo baseline echocardiography 
for evaluation of regional wall motion, global 

a b c

d e f

Fig. 7.7 Foci of myocardial damage related to 
cathecolamine- injury: contraction band necrosis in vary-
ing degrees or real cardiomyocyte coagulative-type 
necrosis (a, b); foci of toxic myocarditis made up of small 

aggregates of eosinophilic/fragmented myocells sur-
rounded by scarce inflammatory infiltrates (prevalently 
macrophages or granulocytes, sporadic lymphocytes or 
mixed inflammation) (c–f) (Haematoxylin-eosin, 400×)
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ventricular function and ventricular mass. When 
the results of resting echocardiography are nor-
mal, pharmacologic stress echocardiography is 
performed, using either dipyridamole or 
dobutamine.

When stress echocardiography results are nor-
mal, the heart is accepted and transplanted. In 
this case, a coronary angiography or intravascu-
lar ultrasound (IVUS) is performed at 1-month 
posttransplant.

Those donor hearts that are excluded because 
of positive results on resting or stress echocar-
diography or eligible hearts not used due to lack 
of a suitable recipient undergo pathologic exami-
nation in order to evaluate the pathologic sub-
strate underlying the stress-echo alterations 
(Fig. 7.8).

By coupling coronary flow and myocardial func-
tion, stress echocardiography allows simultaneous 

evaluation of inducible ischemia (evaluated by wall 
motion score index - WMSI), and contractile reserve 
of the left ventricle (evaluated by pressure volume 
relationship - PVR). When inducible ischemia is 
negative (WMSI = 1), the heart is accepted; when it 
is >1, the heart is excluded. Equally when the con-
tractile reserve is abnormal, donation is contraindi-
cated; when it is normal, the heart is accepted.

Leone et al. published the results of the first 18 
cases examined with stress-echo, 6 of whom 
were successfully transplanted (Leone et al. 
2009). Of the six hearts excluded from donation 
due to positive stress-echo, five had moderate to 
severe CAD and one a possible idiopathic dilated 
cardiomyopathy. This paper shows that pharma-
cologic stress echo can safely be performed on 
candidate heart donors and can correctly identify 
hearts with underlying transplant-limiting 
coronary and/or myocardial disease. Moreover it 

Candidate marginal donors
(brain death)

resting
2D echo

normal

abnormal

abnormal

excluded

eligible hearts
not used

due to lack of
a suitable recipient

pathologic substrate
underlying
the echo

alterations

excluded

Donor hearts

ADONHERS PROTOCOL

Pathologic examination

Dipyridamole
dobutamine

•   regional wall motion
•   global ventricular
    function
•   ventricular mass

Heart
transplantation

normal

stress echo

Angiography/IVUS
at 1 month

post-transplant

Fig. 7.8 Flow chart of the Adonhers protocol
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may also serve to identify transient ventricular 
dysfunction detected on the rest echo and due to 
neurogenic stunning, which may be reversible.

Subsequent studies on short and medium-term 
outcome of recipients of marginal donor hearts 
selected with pharmacological stress- 
echocardiographic techniques showed favourable 
results with survival rates similar to that of recipi-
ents of standard donor hearts (Bombardini et al. 
2011, 2014).

Pathology examination of the hearts excluded 
from donation on the basis of an abnormal stress 
echocardiograph or of eligible hearts not trans-
planted for various reasons has an important role 
in correlating pathologic findings with clinical 
instrumental data.

Although greater experience is needed to 
determine future optimal donor-to-recipient 
matching, some available studies show that early 
and late survival outcomes are more similar in 
older and younger donor groups and that there is 
a clear long-term survival benefit for recipients 
receiving older donor hearts in comparison with 
those waiting longer for a younger donor.

The heart donor pool we deal with today has a 
more complex profile and the most significant 
differences are:

• Older donors with comorbidities including a 
higher number of grafts with coronary 
atherosclerosis.

• The progressive shift from young and healthy 
trauma victims to brain death donors from 
intracranial haemorrhage, which may cause 
adverse haemodynamic cardiac events, 
 endocrine or metabolic consequences and the 
development of a proinflammatory state.

The prevalence of significant coronary athero-
sclerosis in the donor pool is high and various 
studies have demonstrated that CAD may fre-
quently although inadvertently be transmitted 
from donor to recipient. Donor- transmitted ath-
erosclerosis may be a risk factor for early graft 
failure (Grauhan et al. 2007) and a contributing 
factor in an increased risk of developing acceler-
ated allograft vasculopathy.

Pathology evaluation may add essential infor-
mation in new recruitment strategies for donor 
hearts.

Illustrative Case 1 (Fig. 7.9)

Illustrative Case 2 (Fig. 7.10)
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a b

c d

Fig. 7.9 Illustrative Case 1 Heart of a female donor of 50 
years (a), in which stress-echo revealed a hypoakinesia of 
the medial-apical portion of the left ventricle. Pathological 
examination showed a fibrolipidic plaque narrowing 
around 90 % of LAD lumen (b, Haematoxylin-eosin, 25×) 
and multifocal myocardial coagulative necrosis irregularly 

distributed in the left ventricle and the interventricular sep-
tum (c, Haematoxylin-eosin, 200×), associated with dif-
fuse coagulative subendocardial myocytolysis (d, 
Haematoxylin-eosin, 400×). LAD left anterior descending 
coronary artery
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Fig. 7.10 Illustrative Case 2 Heart of a 59 year-old 
male donor (a, b). Stress echocardiography described 
stress- induced inferior wall motion and pathological 
examination showed 60 % right coronary artery stenosis 

(c, d, Haematoxylin-eosin, 25×), diffuse cathecolamine 
necrosis (e, Haematoxylin-eosin, 400×) and ischemic 
necrosis in the inferior left ventricle papillary muscle (f, 
Haematoxylin-eosin, 200×)
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Key Points

• Careful evaluation of donors and donor 
organs is essential for all solid organ 
transplantations, as their characteristics 
affect recipient outcome.

• In heart transplantation two further 
aspects are also crucial:
 1. Donor age, closely related to age- 

dependent risk of transmission of 
donor subclinical coronary artery 
atherosclerosis;

 2. Potentially reversible myocardial 
abnormalities consequent on brain 
death.

• Besides coronary artery atherosclerosis, 
arterial hypertension, diabetes mellitus, 
and left ventricular hypertrophy may 
also impact donor heart quality.

• General donor criteria to consider are: 
donor age; donor size and weight, donor 
history, cause of death, malignancies, 
donor infection status.

• In cardiac transplantation important 
information is derived from electrocar-
diography, echocardiography (now rou-
tinely performed in most hospitals), 
coronary angiography (should be per-
formed whenever possible in cases with 
a high risk of CAD or signs of potential 
CAD at ECG or echocardiography, 
especially in older donors >55 years).

• Donor vasopressor (norepinephrine) 
and/or inotropic (dobutamin, dopamine) 
support is another essential issue for 
heart transplantation, as higher cate-
cholamine dosage is associated with 
potential organ damage.

• Pathological assessment of heart biopsy 
is not part of the routine work-up as 
there are many limiting factors.

• Pathology abnormalities found in donor 
hearts can be subdivided as related to 
pathologies preexisting donation and 

pathologies arising in the course of 
donation.

• Some major points emerging from pathol-
ogy examination of donor hearts are:
 – Coronary atherosclerosis is a major 

issue in older donors with a signifi-
cant cardiovascular risk profile;

 – A significant number of the hearts 
from younger donors with a low car-
diovascular risk profile are patholog-
ically normal and potentially suitable 
for acceptance;

 – A need for better understanding of 
the phenomenon of cathecolamine- 
associated ventricular dysfunction 
and related myocardial damage 
which seems to be acquired during 
the process of brain death and donor 
management.
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8.1  Background

Heart allograft preservation is essential to graft 
function and survival, and for long-term outcome 
(Demmy et al. 1997; Keck et al. 1994), but preser-
vation injury and transplant ischemia–reperfusion 
injury (IRI) are unavoidable consequences of solid 
organ transplantation. Various strategies exist to 
overcome the problem (Breda et al 1989); cur-
rently, the most commonly used preservation 
method is static cold storage, although donor heart 
preservation is limited to 4–6 h of cold ischemia 
storage (Li et al. 2016). More than 150 preservation 
fluids, both intracellular or extracellular, based on 
their concentration of ions, exist, designed to atten-
uate the detrimental effects of cold storage and 
reperfusion (Jacobs et al. 2010; Jahania et al. 1999), 
but as yet no standard optimal solution has emerged.

Of course, as heart transplantations are rela-
tively infrequent, there is a lack of high-quality 
randomized clinical trials that examine precise 
effects of the preservation fluids on graft function 
and survival. The main cause of primary graft 
dysfunction is IRI, which contributes to micro-
vascular dysfunction and myocardial injury, thus 
activating proinflammatory and profibrotic pro-
cesses and eventually leading to cardiac fibrosis 
and allograft vasculopathy (Stehlik et al. 2012). 
To cope with this, two basic strategies are com-
bined to improve the results of donor heart 
 preservation: shortening of cold ischemic time 
and refining preservation techniques.
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The shortage of donor organs is the other criti-
cal problem in heart transplantation. According 
to the Organ Procurement and Transplantation 
Network (OPTN), the number of registrations on 
the heart waiting list is approximately 3000 over 
a 3-year period, and 15 % of patients die within 
1-year waiting (Osaki et al. 2014). To maintain or 
increase the present transplantation rate, dona-
tion after cardiac death (DCD) has been proposed 
as another source, but there have been very few 
preliminary cases of hearts harvested from donors 
with cardiac death (Dhital et al. 2015), in combi-
nation with perfusion machines, like the Organ 
Care System (OCS) for ex-vivo perfusion of 
human donor hearts (Ardehali et al. 2015).

8.2  Principles of the Cold 
Ischemic Storage

The principle of cold ischemic storage is to main-
tain the heart graft at hypothermia between 4 and 
8 °C to reduce metabolism. The chemical con-
stituents of the fluid maintain viability of the 
structural components of the tissue and reduce the 
IRI, thus preserving graft function with rapid ces-
sation of electrical activity (Belzer and Southard 
1988). Cold storage solutions can be divided into 
two categories based on different concentrations 
of Na+ and K+ ions, as shown in Table 8.1. Other 
components such as impermeants, free radical 
scavengers, metabolic nutrients, and various acid 
buffers are added to reduce the negative effects of 
hypothermia and ischemia. Hypothermia per se 
does not stop metabolism, but it slows biochemi-
cal intracellular reactions and decreases the rate at 
which intracellular enzymes released by organ-
elles can exert their effects (which can lead to cell 
death.) Most enzymes of hypothermic animals 
show a twofold decrease in activity for every 
10 °C decrease in temperature (Jahania et al. 
1999). Hypothermia remains one of the most 
important tools for organ preservation.

Preservation fluids can be grouped into “intra-
cellular type” (e.g. University of Wisconsin 
Solution––UW standard, Roe Solution, Collins 
Solution, and Intracellular Stanford Solution) 
which mimic the interior cellular ionic milieu, 

and “extracellular type” (e.g. Celsior Solution, 
Krebs Solution, and St. Thomas Hospital 
Solution) where ionic concentrations are similar 
to those of extracellular fluids.

Several clinical studies have found better 
results with intracellular solutions than with the 
extracellular type (Jahania et al. 1999). The ben-
efits of intracellular type fluids may be due to 
their ability to induce more rapid and complete 
cardiac arrest and to prevent intracellular edema.

Although hypothermia and cold ischemic stor-
age delay cell death, a number of processes are 
activated that can ultimately damage the preserved 
organ (Table 8.2) (Jahania et al. 1999). Cooling 
reduces glucose utilization, adversely alters intra-
cellular hydrogen regulation, and slows tissue 
oxygen uptake. Under 12 °C, hemoglobin can no 
longer contribute to oxygen delivery, and activity 
of mitochondrial enzymes declines with the ulti-
mate result of mitochondrial ATP depletion.

8.3  Preservation Solutions

In the 1990s, there were many attempts to find 
the best Heart Preservation Solutions (HPSs) 
(more than 167) (Demmy et al. 1997). Of the fol-
lowing three, two mainly intracellular types and 

Table 8.1 Various preservation fluids and their potas-
sium and sodium concentrations

Solution Type
Na+ 
(mmol/L)

K+ 
(mmol/L)

Krebs Extracellular 118 5

Bretschneider Intracellular 15 8

Celsior Extracellular 100 15

St. Thomas Extracellular 100 16

Plegisol Extracellular 110 16

Roe Intracellular 27 20

UW 
(modified)

Extracellular 125 25

UW (standard) Intracellular 25 125

NIH Extracellular 77 30

Stanford Intracellular 28 30

Collins Intracellular 10 115

Collins–Sachs Intracellular 10 115

EuroCollins Intracellular 10 115

UW University of Wisconsin
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one of extracellular type are widely used: histi-
dine–tryptophan–ketoglutarate (HTK) solution, 
the University of Wisconsin (UW) solution, and 
Celsior solution.

HTK (or Custodiol) was first proposed by 
Bretschneider in the 1970s as a cardioplegic solu-
tion and was later adopted for the preservation of 
solid organs too. In heart transplantation, a single 
dose of cold HTK is injected into the coronary 

vascular tree to ensure adequate protection from 
IRI for at least 2 h.

UW, first proposed by Belzer, has a low Na+ 
concentration. Nowadays, an extracellular modi-
fication, which includes 125 mmol/l Na+, is also 
used.

Other notable intracellular solutions are the 
Euro-Collins and the Stanford ones. The former 
has high glucose (194 mmol/l) and K+ 
(115 mmol/l) concentrations as well as bicarbon-
ate and phosphate buffer systems. The latter is 
similar to Euro-Collins but has an even higher 
glucose level (250 mmol/l) and a lower K+ con-
centration (27 mmol/l), in order to prevent edema.

The most common extracellular HPS is Celsior, 
with its high Na+, low K+ concentrations, and 
20 mmol/l glutamate components, which can be 
enriched with lactobionate and glutathione to con-
trast oxidative stress during reperfusion.

As large-scale clinical trials are lacking due to 
the relatively few numbers of cardiac transplants 
worldwide, an effective comparison of HPSs is 
difficult.

What studies exist are retrospective, with clin-
ical data reported in various ways, with different 
inclusion criteria, nonrandomized trials of spe-
cific preservation solution.

Table 8.3 summarizes some of the more inter-
esting studies and their results.

8.4  Improving Donor Heart 
Outcomes

There are many strategies to improve donor heart 
outcomes, such as reducing the ischemic time, 
optimizing the preservation solutions, improving 
heart perfusion, persufflating the heart with gas-
eous oxygen, and pre- and postconditioning of 
heart grafts.

The most effective way to increase donor 
heart viability would doubtless be to limit isch-
emia time, but in the vast majority of cases, this is 
impossible for technical and logistical reasons.

Hence, several new alternative approaches 
have been suggested and experimentally vali-
dated in recent decades to guarantee protection 
and extend time intervals. These include 

Table 8.2 Deleterious processes activated by hypother-
mia and cold ischemic storage and strategies to contrast 
them

Processes
Mechanism 
involved

Strategies to 
contrast them

Cellular 
swelling

Na–K ATPase 
pump suppression

Impermeants 
and colloids 
addition

Extracellular 
edema

Excessive 
hydrostatic force 
during flushing 
with the 
preservation 
solution

Impermeants 
addition and 
colloids 
addition

Intracellular 
acidosis

Lactic acid 
accumulation due 
to anaerobic 
glycolysis

Provision of 
glucose in large 
concentrations 
and/or addition 
of hydrogen ion 
buffers

Reperfusion 
injury

Production of free 
radicals via the 
hypoxanthine–
xanthine oxidase 
reaction

Administration 
of exogenous 
antioxidants 
(glutathione), 
antioxidant, and 
free radical 
scavengers

Calcium 
overload

Compromised 
sarcoplasmic 
reticulum Ca2+ 
pumps

Addition of 
calcium channel 
blockers and 
enhancement of 
endogenous 
adenosine levels

Endothelial 
injury

Reduced 
production of 
endothelium- 
dependent nitric 
oxide (EDNO), 
endothelium-
dependent 
hyperpolarization 
factor (EDHF) as 
side effect of 
hyperkalemic 
preservation

–
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Table 8.3 Comparison of different heart preservation solutions

Authors Reference Solutions No of pts Results

Stein et al. J Thorac Cardiovasc 
Surgery 1991;102:657–
65 (Randomized trial)

UW vs Stanford 29 (14/15) Similar histological 
ischemic damage. 
Superiority of UW for 
improving end- 
ischemic ATP and 
creatine phosphate 
levels, and decreasing 
defibrillations and 
intraoperative pacing

George TJ J Heart Lung Transplant 
2011;30:1033–43. 
Retrospective study

UW vs Celsior 4910 (3107/1803) UW better survival at 
30 days and 1 year

Wildhirt SM Transpl Int 2000; 
13:S203–11. A single 
center, prospective 
randomized trial

UW vs Celsior 41 (20/21) UW causes less IRI, 
and requires less 
vasodilator and 
catecholamine dosages
ET and iNOS gene 
expression higher in 
Celsior

Cannata A Eur J Cardiothorac Surg 
2012;41:e48–52. 
Retrospective cohort 
study

HTK, Celsior, 
and STH2

133 (61/38) No difference in 
outcomes (mortality 
and biventricular GF)

Lee KC Transplant Proc 2012; 
44:886–9.

Combined STH2 
and HTK

31 pts Short-term survival 
similar to other 
approaches

Li Y Artif Organs. 2015 Nov 
2. Review meta-analysis

UW, Celsior, and 
HTK

UW vs Celsior: 5301 
heart
UW vs HTK: 1091 
heart
HTK vs Celsior:147

UW: better survival 
and less ischemic 
damage on EMBs vs 
Celsior
UW: better survival vs 
HTK
HTK vs Celsior: no 
difference

Kur F Transplant Proc 
2009;41:2247–9

UW in extended 
ischemic time

34 > 5 h
103 < 5 h

UW better protection

Stringham JK J Heart Lung Transplant 
1999;18:587–96

UW vs HTK 1091 UW better survival and 
better graft function

Kofler S Transpl Int 
2009;22:1140–50. 
Retrospective single- 
center study

UW vs HTK 1000 (628/254) UW decreased early 
mortality and better 
long-term survival:
  At 1 year, UW 

80.1 % vs HKT 
66.1 %;

  At 15 years, UW 
46.4 % vs HTK 
36.4 %

Reichenspuruer H Transpl Int 
1994;7:S481–4. 
Retrospective single- 
center study

UW vs HTK 209 (61/38) UW better outcomes 
(better early survival at 
30 days––90 % vs 
81 %; at 6 
months––88 % vs 
78 %)
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improved heart preservation solutions, pre- and 
postconditioning of the cardiac graft, and most 
especially machine perfusion of donor hearts 
(Table 8.4),

8.4.1  Improvements in Heart 
Preservation Solutions

HPS have been modified to obtain better anti- 
ischemic effects. Besides the principal compo-
nents of each (listed below), other substances 
have been added primarily to increase buffer 
capacity for cardioprotection and support ATP 
production, and also to prevent intracellular 
edema, favor endothelial function, and stabilize 
osmolality. These have been tested in preclinical 
models, and include: diadenosine tetraphosphate, 
cariporide and diazoxide, cyclosporin A, caripo-
ride, U74389G: 16-desmethyl tirilazad, recombi-
nant human hepatocyte growth factor, glyceryl 
trinitrate and cariporide, taurine, nucleoside–
nucleotide mixture, tetrahydrobiopterin, INO- 
1153, hydrogen sulfide donor, bisindolylmaleimide 
derivative, carbon monoxide- releasing molecule 
(CORM-3), iloprost, Rho-kinase inhibitor, small 
interfering RNA, epoxomicin, pinacidil, neuregu-
lin-1, glyceryl trinitrate, cariporide, levocarnitine, 
clusterin, hydrogen (1.27 ± 0.05 μg/l), erythropoi-
etin (5 U/ml), doxycycline, levosimendan (from 
Minasian et al. 2015). Whether cardiac grafts 
from marginal donors can be protected against 
IRI to the same extent remains to be seen 
(Minasian et al. 2015).

Other new extracellular solutions are enriched 
with energy substrates, metabolic modulators, 

antioxidants, l-arginine, and phosphate and 
bicarbonate buffers, so producing better viability 
of cardiac myocytes and endothelial cells 
(Lowalekar et al. 2014; Desrois et al. 2008; 
Wakayama et al. 2012; Loganathan et al. 2010; 
Hoenicke et al. 2000; Snabaitis et al. 1997; Rudd 
and Dobson 2011).

Another technique to minimize cardiac energy 
demand by graft cooling to subzero temperatures 
has been experimented on animals. To prevent 
freezing-mediated irreversible cell injury, preser-
vation solutions have been supplemented with 
antifreeze proteins with cryoprotective properties 
resulting in better LV function after ischemia 
(Balfoussia et al. 2012).

8.4.2  Pre- and Post-conditioning 
of Cardiac Graft

Ischemic preconditioning aims to protect the 
myocardium from prolonged ischemic injury by 
using brief episodes of nonlethal ischemia; isch-
emic postconditioning acts during the reperfu-
sion phase by briefly interrupting reperfusion 
after ischemic episodes in order to reduce myo-
cardial injury. A large body of experimental evi-
dence suggests that preconditioning and 
postconditioning protocols are the most effective 
endogenous cardioprotective techniques to obtain 
improved postischemic left ventricle functional 
recovery, to suppress reperfusion arrhythmias, 
and to reduce superoxide anion production 
(Murry et al. 1986; Jennings et al. 1991; Kloner 
and Jennings 2001; Galagudza et al. 2008; Karck 
et al. 1996; Landymore et al. 1998; Kevelaitis 
et al. 2001; Lauzier et al. 2007). Even with these 
techniques and the encouraging experimental 
results, donor heart preconditioning and postcon-
ditioning have yet to be tested on humans.

8.4.3  Donor Heart Perfusion

The idea of ex vivo heart perfusion with blood or 
crystalloid perfusion fluid is not new, but dates 
from the early heart transplant era. Due to high 
costs and technical complexity, however, it was 

Table 8.4 Strategies to improve donor heart outcomes

Improvements of heart preservation solutions

Supplementation with anti-ischemic agents

New formulations of heart preservation solutions

Hyperpolarizing heart preservation solutions

Donor heart preservation at subzero temperature

Donor heart perfusion

TransMedics Organ Care System

Perfusion (persufflation) of donor heart with gaseous 
oxygen

Pre- and postconditioning of cardiac graft

8 Donor Organ Harvesting and Preservation
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soon supplanted by cardiac arrest and static cold 
storage. More recently, the idea of machine per-
fusion has been revived. There are two different 
approaches: (1) continuous perfusion of the 
arrested heart by oxygenated cold CPS and (2) 
perfusion of the beating heart with blood at nor-
mothermia, which requires monitoring of heart 
viability.

In perfusion, the perfusate is a proprietary 
priming solution with the addition of insulin, 
antibiotics, methylprednisolone, sodium bicar-
bonate, multivitamins, and fresh donor blood. 
Pulsatile flow is generated by a diaphragmatic 
pump, and an integrated plate heater maintains 
normothermia. At present, two randomized clini-
cal trials to evaluate new heart perfusion systems 
are underway: the Transmedics organ care sys-
tem (Transmedics, Inc., USA) and the 
LifeCradle® system (Organ Transport Systems, 
Inc., USA) to support heart function during trans-
portation (Minasian et al. 2015). Experiments on 
pig hearts have shown better preservation of 
myocardial ultrastructure and less endothelial 
dysfunction with 4 h ex vivo oxygenated hypo-
thermic perfusion compared to SCS in Celsior 
solution (Michel et al. 2014).

Cold ischemia time in the Organ Care System 
group is limited to the obligatory initial retrieval 
(i.e. the time needed to harvest and instrument 
the heart into the Organ Care System) and final 
re-implantation phases. Keeping the cold isch-
emia time within a reasonable range (6 h) could 
favor long-distance procurements, increase shar-
ing of donor hearts to balance differences in 
donor heart availability, and allow donor and 
recipient HLA matching. Other potential benefits 
might include resuscitation of unused or unac-
ceptable hearts with expansion of the donor pool 
(Ardehali et al. 2015).

Another possible way to ensure adequate oxy-
gen delivery to the heart during transportation 
and to avoid possible myocardial hypoxia during 
static cold storage is persufflation of the donor 
heart with humidified gaseous oxygen into the 
coronary vascular bed (Suszynski et al. 2013; 
Tsutsumi et al. 2001). However, despite the 
promising experimental data (Fischer et al. 
2004), oxygen persufflation (PSF) is not cur-

rently a valid clinical option due to the threat of 
endothelial injury.

8.5  Cardiac Donation 
After Circulatory Death

The first human heart transplantation by Christian 
Barnard used a cardiac death (CD) donor 
(Barnard 1967). CD donors were used before the 
law permitted the use of brain dead donors. Now, 
CD donors have again been proposed to increase 
the donor organ pool.

According to 1995 Maastricht classification, 
cardiac donors after circulatory death are subdi-
vided into uncontrolled and controlled donors 
based on circumstances of death. Uncontrolled 
donors are dead on arrival (category I) or were 
resuscitated without success (category II). 
Controlled donors are classed according to the 
circumstances of cardiac arrest: category III––an 
awaited cardiac arrest follows withdrawal of 
care; category IV––cardiac arrest develops after 
brain death (Kootstra et al. 1995). Withdrawal of 
donor treatment (usually in the intensive care unit 
or operating room) is a controlled CD technique 
and the only one currently used in the United 
States.

In 2000, a new category was added (category 
V––unexpected cardiac arrest in a hospital patient) 
which allows better evaluation of outcomes 
(Sanchez-Fructuoso et al. 2000; Morrissey and 
Monaco 2014). Category III CDs could potentially 
be used for clinical heart transplantation.

However, many of the pretreatments used in 
experimental animal models would be ethically 
unacceptable in humans.

The major cause of CD graft deterioration is 
warm ischemic injury which produces a more 
severe injury than does cold ischemia. Warm 
ischemia, commonly defined as the interval 
between withdrawal of therapy and start of cold 
perfusion for organ preservation, is unavoidable 
during donation after cardiac death or circulatory 
arrest (Osaki et al. 2014). Warm ischemia leads to 
a depletion of ATP, anaerobic metabolism, and 
development of intracellular acidosis, with 
 myocyte death after reperfusion. Moreover, CD 
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hearts support the entire circulatory load in an 
increasingly hypoxic environment.

In 2015, Dhital et al. published three cases of 
successful heart transplants from CD donors; 
the innovative aspect was that all transplants 
were performed following distant procurement 
with normothermic machine perfusion (Dhital 
et al. 2015).

Now, a multicenter program of heart trans-
plantation from DCD donors has started in the 
United Kingdom (Macdonald 2016).

Portable ex vivo heart perfusion systems have 
the advantage of delivering pharmaceutical 
agents to support reparative processes in isch-
emic myocardium and of allowing assessment of 
graft function before transplantation. Although 
normothermic machine perfusion has dramati-
cally changed organ procurement, many ques-
tions, both ethical and procedural, still remain on 
how best to manage the hearts from CD donors. 
(Macdonald 2016; White et al. 2013; Iyer et al. 
2014) At present, most researchers agree that a 
warm ischemic time of 30 min is probably the 
upper limit before the heart starts to suffer irre-
versible ischemic injury.
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intracellular edema
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9.1  Background

Perioperative myocardial damage encompasses 
all the injuries to the cardiac allograft, which can 
be found up to 6 weeks after transplantation 
(Stewart et al. 2005) as the result of various noxae 
affecting the graft prior to transplantation, during 
procurement and transplantation of graft, and 
immediately after transplantation due to recipi-
ent’s general condition (Table 9.1).

These injuries all produce ischemic or 
ischemic- like myocardial damage, which can 
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Table 9.1 Conditions which could produce perioperative 
myocardial damage

Prior to transplantation, donor related

  Hypovolemia/hypoxia

  Catecholamine storm

  Vasoconstriction related to drugs

  Fluctuation in hormones

  Electrolyte imbalance

  Donor native atherosclerotic coronary disease

At harvesting and transplantation

  Warm ischemia

  Cold ischemia with preservation solution

  Warm ischemia at transplantation

  Reperfusion process

Immediately posttransplantation

  Drug-related if graft failure occurs

  Recipient’s general condition (catecholamines, 
proinflammatory status related to left ventricular 
assist device (LVAD), hormonal imbalance, etc.)
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affect graft integrity of varying severity. When 
extensive, they can have short- or long-term 
effects. A most undesirable result would be graft 
failure, even occasionally requiring mechanical 
circulatory support; there is still little data on 
long-term effects.

9.2  Epidemiological Data

There are little accurate data on the exact inci-
dence of perioperative myocardial injury at endo-
myocardial biopsy (EMB) or at autopsy following 
early death after heart transplantation, because 
the causes are numerous and change over time.

In recent years, donor and recipient inclusion 
criteria have significantly changed: suboptimal 
grafts are increasingly used to expand the donor 
pool; patient management strategy in Intensive Care 
Unit (ICU) has improved; the introduction of the 
continuous perfusion machine during  procurement 
allows better preservation of hearts. Finally, there 
are also new perfusion and  preservation solutions 

and techniques, which have changed the extent and 
severity of ischemic damage.

In the past, the focus was on finding the best 
preservation solution for harvesting (see Chap. 8) 
(Livi et al. 1993; George et al. 2012).

In the late 1990s some degree of perioperative 
myocardial damage was reported in nearly 90 % 
of EMBs performed within the first 4 weeks, and 
cardiomyocyte necrosis in two-thirds of EMBs 
performed in the first week after orthotopic heart 
transplantation (Fyfe et al. 1996).

As different centers vary in their protocols and 
strategies for organ procurement and harvesting, 
and for donor management, large-scale data are 
really difficult to collect and compare.

9.3  Histopathological Substrates

Perioperative myocardial damage is heteroge-
neous and not always easily recognizable 
(Figs. 9.1 and 9.2). It is characterized by focal or 
diffuse interstitial edema, contraction band 

a b

c d

Fig. 9.1 (a) Diffuse interstitial edema dissociating the car-
diomyocytes and vacuolization of cardiomyocytes (arrow). 
Hematoxylin–eosin staining; original magnification ×125. 
(b) Focal cardiomyocyte necrosis (blue arrow) and attenu-
ated cardiomyocytes which appear elongated due to coagula-
tive necrosis (yellow arrow). Hematoxylin–eosin staining; 
original magnification ×160. (c) Diffuse edema dissociating 
the cardiomyocytes may sometimes appear as loose connec-

tive tissue resembling early  interstitial fibrosis (arrow). 
Hematoxylin–eosin staining; original magnification ×125. 
(d) Focal small subendocardial aggregates of cardiomyo-
cytes with coagulative necrosis (arrow), contraction band 
necrosis (asterisk) and a few inflammatory cells encroaching 
on a few cardiomyocytes in the border zone between suben-
docardial coagulative necrosis and contraction band necrosis. 
Hematoxylin–eosin staining, original magnification ×160.
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necrosis, foci of coagulative myocardial cell 
necrosis, either isolated or more often clustered 
in small groups, myocytolysis, and 
inflammation.

The inflammatory infiltrate consists mainly of 
polymorphonuclear leucocytes and macro-
phages, possibly including some lymphocytes 
and plasma cells, which enlarges the interstitium 
without encroaching on the adjacent viable myo-
cardium, and normally separate from it. The 
inflammatory cell infiltrate is heterogeneously 
located, scattered in the interstitium, preferably 
perivascular, and mainly in the subendocardial 
regions, associated to cardiomyocyte necrosis or 
myocytolysis. Usually, a sharp border between 
the inflammatory cells and the viable myocytes 
is found.

Myocyte hypereosinophilia with pyknotic 
nuclei, stretched and vacuolated myocytes, loss 
of nuclei, and loss of cytoplasmic detail can eas-
ily be seen on hematoxylin–eosin; a trichrome 
stain can highlight these lesions as it stains the 
affected myocytes blue–gray.

Contraction band necrosis can be present in 
reperfusion injury areas (Baroldi et al. 2003): this 

lesion may sometimes be difficult to distinguish 
from hypercontracted myocytes, which are often 
seen at EMBs in viable myocardium.

Fyfe et al. proposed a four-point semiquantita-
tive score (0: absent; 1: mild focal; 2: moderate 
multifocal; 3: severe confluent) to grade the 
severity and extent of coagulative myocyte necro-
sis related to perioperative injury.

Myocytolysis or myocyte vacuolization, espe-
cially when confined to the subendocardium or 
perilesional areas, is sometimes considered stun-
ning myocardium in the sense that the myocytes 
may be recuperated.

Interstitial edema can be focal or diffuse and is 
characterized by an increase in interstitial empty 
space with separation of cardiomyocytes, but it is 
difficult to assess at EMBs because of technical 
artifacts.

Vascular damage can be present as well and 
characterized by endothelial swelling, leucocytes 
adhering to the endothelium, and clustered inside 
the vessel, sometimes infiltrating the vessel wall 
resulting in vasculitis, and, more rarely, by micro-
thrombosis in intramyocardial arterioles and 
small arteries.

a b

c d

Fig. 9.2 (a) Focal subendocardial coagulative necrosis 
(arrow) difficult to see at hematoxylin–eosin staining. 
Original magnification ×125. (b) C4d antibody may be 
useful to highlight the area of ischemic injury. C4d 
 antibody immunostaining, original magnification ×125. 

(c) Multifocal ischemic damage with endothelial injury. 
Hematoxylin–eosin staining, original magnification ×125. 
(d) High-power view of C to show the endothelial damage 
and adhesion of leucocytes (arrows)
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As complement activation markers as a result 
of ischemic injury can be found, C4d and C3d 
can be positive at immunohistochemical staining 
on early EMBs: this finding should be evaluated 
as ischemic damage and not as a sign of AMR 
(Labarrere et al. 2012).

9.4  Temporal Evolution 
of Perioperative Myocardial 
Damage

Perioperative myocardial damage evolves, with 
contraction band necrosis (Fig. 9.3b), coagulative 
necrosis (Fig. 9.3a), and myocytolysis (Fig. 9.3d) 
appearing in the first 2 weeks after transplanta-
tion, and inflammation following at about 3–4 
weeks. Perioperative myocardial damage can 
persist up to 6 weeks after transplantation, as 
mentioned in the ISHLT 2004 classification for 
acute cellular rejection among the criteria for 
perioperative damage (Stewart et al. 2005).

The next healing phase can be quite protracted 
(Fig. 9.3c): here the inflammatory cells are mainly 
composed of macrophages clearing the necrotic 

myocyte debris, with hemosiderin laden cytoplasm. 
Neoangiogenesis with dispersed fibroblasts and 
loose extracellular matrix and scant inflammation 
can be found in later EMBs. It has been reported 
that resolution of myocardial injury resolves slowly 
due to the anti- inflammatory effects of induction or 
maintenance immunosuppressive therapy.

The presence of perioperative myocardial 
damage both acute and in the healing phase does 
not preclude the coexistence of acute cellular 
rejection.

Within the first month following transplanta-
tion some two-thirds of EMBs show evidence of 
acute cellular rejection associated with histologi-
cal signs of perioperative myocardial damage.

9.5  Source of Cardiac Graft, 
Severity of Myocardial 
Injury, and Outcomes

The majority of cardiac grafts for transplantation 
are still acquired from brain dead donors, and 
only a minority from nonbeating heart donors. In 
the latter case, a few studies report that EMBs 

a b

c d

Fig. 9.3 (a) Diffuse band-like coagulative necrosis in the 
subendocardium (arrow). Hematoxylin–eosin staining, 
original magnification ×125. (b) Thrombus of a small intra-
myocardial vessel (arrow) in the context of single multifocal 
coagulated myocytes hematoxylin–eosin staining, original 

magnification ×160. (c) Healing phase of the ischemic dam-
age (star) with persistence of some cardiomyocytes with 
coagulative necrosis (arrow). (d) Evolution of myocytolysis 
with neoangiogenesis (arrow) beside coagulative necrosis. 
Hematoxylin–eosin staining, original magnification ×160
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show less myocardial damage and fewer episodes 
of acute cellular rejection.

Many studies have addressed the influence of 
brain death on cardiac allograft outcomes and 
show that brain death negatively affects graft 
function and is associated with a worse outcome. 
Brain death produces profound neurohormonal 
derangement causing hemodynamic fluctuations, 
global organ ischemia, hypothermia, coagulopa-
thies, hormonal depletion, and electrolytic abnor-
malities and a proinflammatory status in donors, 
with the activation of complement factors in the 
graft and its reduced survival (Atkinson et al. 
2013). A catecholamine storm leads to calcium 
overflow injury, in turn producing a decrease in 
heart rate, an increase in coronary artery resis-
tance, and inhibition of the myocardial contrac-
tile mechanism. Myocardial damage during brain 
death may be further worsened by global hypo-
thermic ischemia at the time of organ harvesting 
(Novitzky et al. 1987).

An acute rise in intracranial pressure increases 
the deleterious effect of brain death on heart 
function. Moreover, brain death produces an 
inflammatory response, with the upregulation of 
proinflammatory cytokines and adhesion mole-
cules and rapid leukocyte infiltration, which in 
turn exacerbates myocyte injury.

There are, however, discordant data in the lit-
erature in relation to mode of donor death, the 
severity of graft injury and outcomes. Donor 
trauma was shown to influence number of rejec-
tion episodes treated in recipients, but not 
medium- or long-term survival. Donors spending 
more than 3 days in ICU were associated with 
worse outcomes suggesting that this can nega-
tively impact on the effect of a prolonged cate-
cholamine storm following brain death (Ganesh 
et al. 2005).

However, a recent nationwide UK study 
showed that the donor cause of death was no lon-
ger a significant predictor of recipient death, 
either early or late (Cantin et al. 2003).

Endothelial injury and activation really do 
seem to be the final common pathway of multiple 
damage including brain death, ischemic and 
hypothermic storage, reperfusion, allorecogni-
tion, and cardiopulmonary bypass, which all 
evoke a systemic proinflammatory status in the 

donor and inflammatory infiltrates in the cardiac 
allograft (Livi et al. 1993; Verrier 2004). Recently 
published data suggest that graft failure early 
after transplantation may depend upon the extent 
of very early posttransplant microvascular dam-
age and the capacity of the transplanted heart to 
remove microthrombi through active fibrinolysis 
(Labarrere et al. 2012).

Clinicopathological correlations have shown 
that coagulative myocyte necrosis is associated 
with a longer ischemic time and higher rate of 
postoperative mortality, although mortality at 1 
year or at longer follow-up seems unaffected by 
severity of damage.

In the literature there are varying results for 
identification of risk factors in development of 
severity of perioperative myocardial damage, 
such as increased vasopressor dosage, advanced 
age, or sex of donor (Livi et al. 1993). No correla-
tion between perioperative myocardial damage 
and the number of rejection episodes during the 
first year posttransplantation has been reported.

9.6  Differential Diagnosis 
with Acute Rejection

The histological features of perioperative myo-
cardial damage must be differentiated from 
hyperacute rejection (today rare), acute cellular, 
and humoral rejection.

The main differential features between acute 
cellular rejection and perioperative myocardial 
damage are the following:

• Acute cellular rejection is frequently charac-
terized by the presence of eosinophils, usually 
lacking in perioperative myocardial damage, 
where the most prominent cells are T lympho-
cytes and macrophages.

• Unlike the acute cellular rejection, in perioper-
ative myocardial damage there is disproportion 
between the extent of myocyte injury and that 
of lymphocyte inflammation (myocardial dam-
age is more extensive than the inflammation).

• In perioperative myocardial damage there is a 
sharp border between the necrosis, in single 
cells, or mainly in clusters, and the nearby 
viable myocardium.

9 Perioperative Myocardial Damage to the Graft
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Key Points

• Perioperative myocardial damage 
includes all the injuries to the cardiac 
allograft, which can be found up to 6 
weeks posttransplantation

• The damage may stem from insult prior 
to transplantation procedures during 
harvesting and transplantation and 
posttransplantation

• The histopathological substrate consists of 
interstitial edema, contraction band necro-
sis, foci of coagulative myocardial cell 
necrosis, myocytolysis, and inflammation.

• Vascular damage can be characterized 
by endothelial swelling, leucocytes 
adhering to the endothelium and clus-
tered inside the vessel and, more rarely, 
by microthrombosis in intramyocardial 
small arteries.

• Brain death negatively affects graft 
function producing a profound neuro-
hormonal derangement leading to a pro-
inflammatory status in donors and an 
inflammatory response in the graft.

• Perioperative myocardial damage can 
coexist with acute cellular rejection.
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10.1  Background

Despite progressive improvements in surgical 
and medical management, failure of the trans-
planted graft is still the major cause of death after 
heart transplantation (HTx) (Lund et al. 2014). 
Clinical presentation, aetiologies, and possible 
treatments for heart allograft failure vary within a 
wide spectrum, preventing a clear-cut definition 
of the phenomenon.

In this chapter, we will discuss the main clini-
cal scenarios leading to graft failure in heart 
recipients, to clinically contextualize the main 
pathological diagnoses (cardiac rejection, infec-
tions, etc.), which are treated in-depth in subse-
quent dedicated chapters. An overview of the role 
of endomyocardial biopsy (EMB) in these vari-
ous clinical conditions is also given.

In this setting, we will use the term “graft fail-
ure” to indicate the terminal state of irreversible 
loss of graft function causing death or retrans-
plantation, and the term “graft dysfunction” to 
indicate a potentially reversible and partial loss 
of function, often preceding but not necessarily 
leading to graft failure and death. The aetiologies 
and clinical presentations of graft dysfunction 
will be dealt with according to time of onset after 
transplantation (Fig. 10.1).
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10.2  Postoperative Graft 
Dysfunction

A recent survey of the International Society of 
Heart and Lung Transplantation (ISHLT) showed 
that up to 66 % of 30 days mortality after HTx is 
reported as related to graft failure and subsequent 
multiorgan dysfunction. Most of these events are 
probably the result of primary and secondary 
graft dysfunction (Kobashigawa et al. 2014).

Early graft dysfunction is a threatening com-
plication occurring during the initial 24–48 hours 
after surgery characterized by the inability of the 
graft to sustain adequate hemodynamic and organ 
perfusion. Epidemiology of this condition is 
highly variable, depending on its definition, 
which is not consistent across multiple studies 
where incidence varies from 2.3 to 28 %. In this 
context, the definition of graft dysfunction 
includes several parameters, e.g. time of onset, 
echocardiographic and haemodynamic findings, 
need for inotropic support, or need for mechani-
cal support. Only recently, a consensus document 
from ISHLT has set clear standards to recognize 
and define post-operative graft dysfunction, with 
a clear distinction between “primary” and “sec-
ondary” graft dysfunction (Table 10.1) 
(Kobashigawa et al. 2014). We can use “second-
ary” to describe graft dysfunction related to iden-
tifiable causes, the most common being recipient 
pulmonary hypertension; while hyperacute rejec-

tion,  technical surgical failures, and unrecog-
nized donor heart disease (see Chap. 7) are 
currently rare possibilities. The term “primary” 
graft dysfunction (PGD) encompasses all those 
cases in which a single cause cannot be identi-
fied, although a series of combined risk factors 
have been reported (Cosio et al. 2013).

Pathological findings from autopsies or from 
explanted hearts of patients undergoing retrans-
plant are essential to understand the pathophysi-
ology of PGD and to identify possible causes not 
originally clear at clinical presentation. Published 
reports state that in cases of PGD the pathologist 
may find rejection, oedema and/or haemorrhage, 
or reperfusion injury and ischemia (Kobashigawa 
et al. 2014). EMB on patients with PGD may be 
useful to rule out hyperacute rejection, but this is 
not recommended in these critically ill patients 
unless the suspicion of hyperacute rejection is 
supported by sound evidence, such as positive 
immunological crossmatch. However, it is impor-
tant to emphasize that PGD in clinical practice is 
a diagnosis made with the use of imaging and 
haemodynamic data, not with the aid of patho-
logic information, as any delay in therapy is inad-
visable in this dramatic and life-threatening 
event.

Pathogenesis of PGD is multifactorial, includ-
ing characteristics of the recipient, donor, and 
surgical procedure, with several single-centre 
reports identifying a large array of factors 

Early graft
dysfunction

48
hrs

1 yr 2 yr 3 yr 4 yr 5 yr

AMR

CAV

ACR

Fig. 10.1 The graph 
shows the trend of the 
main causes of acute and 
chronic graft dysfunction 
according with time 
post-transplantation. 
Primary and secondary 
early graft dysfunction 
occurs within the 24–48 h 
after surgery. 
(ACR: acute cellular 
rejection; AMR: 
antibody-mediated 
rejection; CAV: cardiac 
allograft vasculopathy)
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 associated with the development of PGD. Among 
these, however, we can identify some general cat-
egories and common points.

10.2.1  Donor Factors 
and Periprocedural Factors

• Brain death in the donor is associated with a 
series of events that may impair myocardial 
contractility and sensitize the heart to ischemia-
reperfusion injury. Brain death induces an 
intense release of myocardial norepinephrine 
that results in mitochondrial and cytosolic cal-
cium overload, which may activate autophagy, 
apoptosis or necrosis if this process is exten-
sive. Calcium overload in contractile proteins 
leads to contracture and is associated with char-
acteristic histologic features (see Chap. 7) 
(Mohamedali et al. 2014; White et al. 1995).

• The use of exogenous catecholamine during 
patient and then donor management in  intensive 
care units, in addition to the endogenous 

 catecholamine storm after brain death, desensi-
tize myocardial beta-receptor signalling, dis-
rupting myocyte contractile ability (6), and 
activate multiple proinflammatory mediators, 
including complement (Novitzky et al. 2006).

• Donor age can influence the ability of the 
organ to tolerate the period of cold and warm 
ischemia. This is partly due to unrecognized 
coronary artery disease or pathologic left ven-
tricular hypertrophy in elderly donors with a 
history of hypertension. Moreover there is an 
age related decline in endogenous cardiopro-
tective mechanisms such as ischemic precon-
ditioning and postconditioning (Boengler 
et al. 2009).

• Ischaemic time is the period from arrest of 
donor heart to time of graft reperfusion in the 
recipient: 1-year mortality risk after heart trans-
plantation increases steadily with the increase of 
ischaemic time over 3 h. Donor hearts are usu-
ally stored in cold preservation solutions and 
transported on ice. Hypothermic storage slows 
but does not completely arrest cellular metabo-

Table 10.1 Classification of graft dysfuntion

Definition of Severity Scale for Primary Graft Dysfunction (PGD)

1.  PGD-Left ventricle 
(PGD-LV):

Mild PGD–LV: One of the 
following criteria must be 
met:

LVEF ≤ 40 % by echocardiography, orHemodynamics 
with RAP > 15 mmHg, PCWP > 20 mmHg,  
CI < 2.0 L/min/m2 (lasting more than 1 h) requiring 
low-dose inotropes

Moderate PGD-LV: Must 
meet one criterion from 
Iand another criterion  
from II:

I.  One criteria from the following: Left ventricular 
ejection fraction ≤ 40 %,or Hemodynamic 
compromise with RAP > 15 mmHg, PCWP > 20 
mmHg, CI < 2.0 L/min/m2, hypotension with 
MAP < 70 mmHg (lasting more than 1 h)

II. One criteria from the following:

  (i) High-dose inotropes—Inotrope score > 10a or

  (ii) Newly placed IABP (regardless of inotropes)

Severe PGD–LV Dependence on left or biventricular mechanical support 
including ECMO, LVAD, BiVAD, or percutaneous 
LVAD. Excludes requirement for IABP.

2.  PGD-right ventricle 
(PGD-RV):

Diagnosis requires either 
both i and ii, or iii alone:

  (i)  Hemodynamics with RAP > 15 mmHg, PCWP < 15 
mmHg, CI < 2.0 L/min/m2 (ii) TPG <15 mmHg 
and/or pulmonary artery systolic pressure < 50 
mmHg, or (iii) Need for RVAD

From Kobashigawa et al. (2014)
BiVAD biventricular assist device, CI cardiac index, ECMO extracorporeal membrane oxygenation, IABP intra-aortic 
balloon pump, LVAD left ventricular assist device, PCWP pulmonary capillary wedge pressure, RAP right atrial pres-
sure, RVAD right ventricular assist device, TPG transpulmonary pressure gradient
Inotrope score = dopamine (×1) + dobutamine (×1) + amrinone (×1) + milrinone (×15) + epinephrine (×100) + norepi-
nephrine (×100)67 with each drug dosed in μg/kg/min
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lism. Consequently, progressive ischemic injury 
is an inevitable consequence of prolonged static 
storage. The loss of the normal aerobic metabo-
lism paralyzes the transmenbrane Na+/K+ ade-
nosine triphosphatase pump, leading to cellular 
swelling and development of lactic acidosis 
(Hicks et al. 2006). The kind of preservation 
solution used in this setting may play a role, 
although clear- cut data allowing us to recom-
mend one over the many available are inconsis-
tent. A recent retrospective study comparing 
two commonly used solutions (University of 
Winsconsin and Celsior) found that there was 
increased ischemia damage in bioptic speci-
mens when Celsior had been used, although this 
finding did not correlate with different clinical 
outcomes. There is a clear need to develop more 
effective preservation – either by improving the 
cardioprotective efficacy of the storage solution 
or through use of an oxygenated ex vivo perfu-
sion system. In the future the development of 
organ care systems allowing the transportation 
of the heart perfused by warm donor blood may 
revolutionize the concept of organ preservation 
(Ardehali et al. 2015). Donor recipient weight 
mismatching and female donor to male recipi-
ent are associated with increased PGD. A pos-
sible link to immunological process and 
increased rejection episodes have also been 
described (Khush et al. 2012).

10.2.2  Recipient Factors

Age, poor clinical conditions, renal insufficiency, 
obesity, and diabetes represent general risk fac-
tors for complications in any cardiac surgical 
procedure. In the specific setting of heart trans-
plantation, a major factor influencing early dys-
function of the graft is recipient pulmonary 
hypertension. The presence of high pulmonary 
vascular resistance in the recipient may lead to 
early failure of the right ventricle. However, even 
when pulmonary pressures and resistances are 
within the commonly accepted range for heart 
transplantation, pulmonary pressure correlates 
with the incidence of PGD (Butler et al. 2005). 
Donor recipient size mismatch has also been 
identified as a significant contributing factor of 

PGD. In one study, the combination of donor- 
recipient weight ratio of less than 0.8 with pul-
monary hypertension in the recipient (>4 Wood 
Units) was associated with PGD (Russo et al. 
2010). In the presence of fixed pulmonary vascu-
lar resistance in the recipient, the right ventricle 
of the donor heart may be unable to overcome the 
afterload imposed and selective or predominant 
right ventricle failure frequently occurs, often 
needing mechanical circulatory support (Oto 
et al. 2008).

10.3  Hyperacute Rejection

This cause of postoperative graft dysfunction and 
failure is currently rare but threatening and often 
fatal. Hyperacute rejection is mediated by preex-
isting complement fixing antibodies which, upon 
cross clamp removal, enter the vasculature and 
bind to the vascular endothelium. They then acti-
vate complement cascade, which causes direct 
lysis of endothelial cells on the graft vasculature. 
The histologic picture of this uncommon form of 
rejection consists of diffuse interstitial oedema 
and/or haemorrhage, massive infiltration of neu-
trophils, macrophage inflammation, and wide-
spread myocell damage. Fibrin thrombi and 
platelet aggregates may be found in small vessels 
(capillary, arterioles and venules) (Stewart et al. 
2005). Hyperacute rejection can be safely pre-
vented by careful screening of transplant candi-
dates for preformed anti-HLA antibodies. When 
reacting against over 10 % of the local blood 
donor lymphocyte panel, organ allocation should 
be subjected to direct cross-match only. This pro-
cedure may not be feasible in certain areas where 
highly urgent cases may receive long-distance 
organs, thus exposing patients to the risk of imme-
diate transplant failure (Nwakanma et al. 2007).

Modern solid phase techniques, such as single 
antigen bead assay, allow detection of 
 non-cytotoxic antibodies, which may however 
react with the graft, even if not immediately. 
Detection of these antibodies should flag out the 
patient as high risk for early antibody-mediated 
rejection (see below) and, when possible, 
 allocation of organs non-compatible with detected 
antibodies should be avoided (Potena et al. 2013).
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Presence of anti HLA antibodies is more com-
mon in multiparous women, subjects with prior 
blood transfusion, prior transplantation, or inser-
tion of a ventricular assist device.

10.4  Acute Graft Dysfunction

By “acute” graft dysfunction we mean a rapid 
reduction of graft function as measured by ultra-
sound or right heart catheterization, with or with-
out accompanying symptoms of heart failure 
(dizziness, shortness of breath, etc.). It is more 
frequent during the first year post- transplantation, 
although it can occur later.

Clinical presentation of acute graft dysfunc-
tion is not usually specific for one aetiology, and 
the likelihood of different aetiologies varies dur-
ing the course of post-transplant follow up, with 
cellular rejection being more frequent during the 
first year and antibody-mediated rejection or car-
diac allograft vsculopathy (CAV) later on. Of 
note, mixed rejection should be regarded as 
important, associated with acute graft dysfunc-
tion and, when occurring late after transplant, 
may be a marker of inadequate drug adherence 
(Sellares et al. 2012; Fedrigo et al. 2015).

Acute cellular rejection (ACR) mostly occurs 
in the first 6–12 months after HTx and is charac-
terized by varying extents of predominantly lym-
phocytic inflammation in the myocardium, with 
or without signs of myocyte injury (see Chap. 13). 
Typically, moderate to severe ACR is treated by 

pulse steroid, with or without adjustment of 
chronic immunosuppression (e.g. shifting cyclo-
sporine to tacrolimus or maintaining higher drug 
through levels).

Antibody-mediated rejection (AMR) is 
 characterized by a microvascular injury mediated by 
graft-specific antibodies, which can be directed 
against Human Leucocyte Antigen (HLA) or non-
HLA antigens (see Chap. 14). Aside from hyper-
acute rejection occurring in the context of 
postoperative graft dysfunction, which has a dra-
matic clinical and pathological presentation, AMR 
has been reported to be a cause both of early and late 
graft dysfunction. It is associated with poor outcome 
factors such as the increased incidence of hemody-
namic compromise rejection, greater development 
of CAV, and high incidence of death (Michaels et al. 
2003; Kfoury et al. 2006). The pathogenesis of acute 
AMR is related to complement-mediated endothe-
lial injury, endothelial dysfunction, microvascular 
coagulation, myocardial ischemia and, ultimately, 
allograft dysfunction. Its diagnosis is complex, 
requiring an articulated set of histological and 
immunopathological criteria on EMB, detection of 
circulating donor specific antibodies (DSAs), and 
signs of graft dysfunction, which, as already men-
tioned, are often subtle and are hard to detect. 
Treatment is not standardized and comprises a step-
wise approach based on off-label treatments from 
high-dose intravenous immunoglobulines and 
plasma exchange to monoclonal antibodies such as 
rituximab or eculizumab (Table 10.2) (Kobashigawa 
et al. 2011; Nair et al. 2011).

Table 10.2 Targets of therapy in antibody-mediated rejection

Targets of therapy

Elimination of 
circulating antibodies

Inhibition of circulating 
antibodies

Suppression of B cells Plasma cell 
depletion

Complement 
inhibition

Plasma exchange Intravenous 
immunoglobulin

Rituximab Bortezomib Eculizumab

Double filtration 
plasmapheresis

Cytomegalovirus 
hyperimmunoglobulin

Splenectomy

Immunoadsorption 
plasmapheresis

Calcineurin inhibitors 
(antiproliferative/
apoptotic effects)

Belimumab (anti-Blys 
antibody)?

Epratuzumab 
(anti-CD22 antibody)?

From Nair et al. (2011)
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Risk factors for AMR include presence of pre-
transplant HLA antibodies, detection of de-novo 
DSAs, female sex, poor drug adherence. In particu-
lar, non-adherence, as well as need to over-reduce 
the immunosuppressive drug burden, have been 
associated with late development of DSAs and 
onset of graft dysfunction due to AMR, usually sev-
eral years after transplantation (Sellares et al. 2012).

An important and still unresolved issue, how-
ever, is the definition of cardiac “graft dysfunc-
tion”. Clearly, if we consider “dysfunction” only 
acute reduction of ejection fraction and/or clinical 
signs of heart failure, it is a rare event, especially in 
the context of patients monitored with scheduled 
EMB and pathology-guided treatment. On the other 
hand, studies investigating non-invasive methods to 
diagnose myocardial rejection (see Chap. 17) 
revealed that in most cases histological signs of 
acute rejection are accompanied by subclinical 
signs of diastolic dysfunction that can be detected 
by cardiac ultrasound, or by right heart catheteriza-
tion. It is important to note, however, that diastolic 
abnormalities are often subtle, and need to be 
actively sought. For these methodologies to be suf-
ficiently sensitive, measurements need to be com-
pared serially to a basal condition state with proven 
absence of acute rejection: in this context these 
signs of graft dysfunction may indicate EMB per-
formance, the results of which are of key impor-
tance in guiding treatment (Badano et al. 2015).

EMB is the key element to diagnose aetiology 
of acute graft dysfunction. This strategy, devel-
oped following the pivotal studies of Caves et al. 
(1974), helped to reveal many of the mechanisms 
leading to myocardial graft injury and prompted 
the histological grading for pathological classifi-
cation of rejection severity, further detailed in 
Chap. 13 (Billingham et al. 1990; Stewart et al. 
2005). EMB findings have long defined the phe-
nomenology of acute cardiac rejection and, inde-
pendently of the presence of clinical signs of 
graft dysfunction, routine surveillance with EMB 
has been the cornerstone of monitoring 
ACR. However, as mentioned, cardiac rejection 
is no longer identified only with ACR: in recent 
years AMR came to the fore as the other main 
form of cardiac rejection, either alone or in asso-
ciation with ACR, in the as yet not fully explored 

phenomenon of mixed rejection. Consequently, 
the value of EMB in cardiac rejection diagnosis 
is today much enhanced, especially now that 
agreed pathological criteria for AMR are avail-
able. Noninvasive methods for detection of rejec-
tion, although promising, have low sensitivity in 
terms of assessing grades of ACR – especially 
mild or borderline but clinically significant – and 
do not detect AMR or differentiate it from ACR, 
at the present stage of research at least. The major 
limit of EMB is its invasiveness. Sampling error 
is a minor problem in recognizing significant 
grades of rejection. Interobserver variation 
among pathologists is also a well-known issue in 
the literature and although less of an issue within 
a single center, where pathologists share cross-
reading and similar grading criteria, it may be 
more serious across different centers.

The role of EMB is different when performed 
in scheduled protocols from when a systolic or 
diastolic graft dysfunction is present.

In the former situation, EMB is mainly 
required to monitor for initial pathological signs 
of rejection that may precede overt graft dysfunc-
tion in order to allow pre-emptive treatment and 
avoid a potentially harmful clinical syndrome. In 
the latter, the situation is more complex because 
EMB is also involved in resolving possible dif-
ferential diagnosis within an unclear clinical sce-
nario: in this case EMB can identify the clear 
cause of allograft dysfunction (rejection or other) 
and give a positive diagnosis or can exclude rec-
ognizable pathologies thus opening the way for 
further investigation. A negative/exclusion diag-
nosis is also an essential tool.

The pathologist should be aware that in car-
diac patients there is a wide spectrum of myocar-
dial inflammation findings, whether associated 
with myocyte damage or not, and these findings 
should always be carefully evaluated and inter-
preted (see Chap. 16).

The first point in acute graft dysfuntion is 
undoubtedly to recognize cardiac rejection find-
ings, and identify the different forms of ACR, 
AMR or mixed rejection, and grade them, in 
order to tailor therapy.

The absence of ACR or AMR in biopsy find-
ings in presence of cardiac dysfunction (unless a 
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sampling error) has been recognized as a rare 
phenomenon, a different form of rejection not 
apparent at biopsy and more severe and difficult 
to treat than classic forms (Tang et al. 2013). 
Although this is possible, not all cases of acute 
systolic heart dysfunction with negative biopsy 
are necessarily a consequence of rejection 
(Boilson et al. 2008) and a clinical approach 
focusing only on rejection may be limiting.

The other important points are:

• To distinguish rejection from peritransplant 
injury, which may be evident in biopsies in the 
first month after transplantation and show 
myocell damage associated with various 
degrees of inflammatory infiltrates.

• To recognize reparative inflammation associ-
ated with real ischemic focal damage as dif-
ferent from rejection.

• To identify cardiac localization of infections, 
rare but possible. Cellular rejection is indeed 
an allo-immune myocarditis that on histologi-
cal grounds can be indistinguishable from a 
viral myocarditis. Thus, viral post-transplant 
myocarditis is an important differential diag-
nosis with cellular rejection in heart transplant 
recipients with steroid resistant rejections or 
worsening clinical syndromes despite ade-
quate immunosuppression: Cytomegalovirus 
and Parvovirus are the most common viruses 
that may be implicated in allograft myocardi-
tis. In some cases histologic findings can be 
sufficiently indicative and identification of the 
microorganism possible; in other cases, espe-
cially in viral myocarditis other than 
Cytomegalovirus, histologic findings are 
indistinguishable from those of rejection and 
only an atypical clinical course might suggest 
infection (see Chap. 16).

Acute Coronary Syndromes
Acute coronary syndromes (ACS) are a rare clin-
ical presentation of coronary artery disease in 
heart transplant recipients, despite the high inci-
dence of coronary lesions in long-term survivors. 
Nevertheless, myocardial infarction can be a 
cause of acute graft dysfunction that may have 
heart failure symptoms or atypical chest pain as 

clinical presentation: to be considered in a dif-
ferential diagnosis with acute rejection. Clinical 
judgement based on ECG changes and wall 
motion abnormalities with coronary distribution 
should raise the suspicion of ACS in these 
patients, suggesting coronary angiography before 
EMB.

10.5  Chronic Graft Dysfunction

Late post-transplantation acute graft dysfunction 
is rare. Patients with chronic graft malfunction 
present slow and progressive onset of diastolic 
abnormalities accompanied by slight decrease in 
ejection fraction and worsening heart failure 
symptoms. These clinical-ultrasound changes 
may be associated with low voltages on surface 
ECG, increased QRS duration and rhythm dis-
turbances (more frequent in patients operated 
with the Shumway technique with bi-atrial anas-
tomosis) (Fig. 10.2).

The most common and typical cause of this 
clinical scenario is CAV, which can be considered 
a form of chronic vascular rejection. Typically, 
CAV development is triggered by metabolic risk 
factors – as well as native coronary atherosclero-
sis – and by immune-mediated injury, including 
antibody-mediated endothelial injury (indeed, 
CAV may be a chronic phenotype of AMR). CAV 
is characterized by diffuse intimal hyperplasia 
arising from peripheral vessels and spreading to 
proximal tracts of arteries and veins, thus deter-
mining diffuse luminal narrowing, often without 
focal luminal stenoses. Although this pattern leads 
coronary angiography to underestimate the dis-
ease, it remains the basic imaging tool to diagnose 
and classify CAV (Mehra et al. 2010). Intravascular 
ultrasound allows the morphology of graft arteries 
to be studied in detail, by detection of changes in 
vascular wall morphology and progression of inti-
mal thickening, which provides more prognostic 
information than angiography does (Potena et al. 
2015; Cheng et al. 2015).

EMB is not a typical diagnostic tool for CAV, 
although it is often indicated at the onset of 
 clinical symptoms, even late after transplant, to 
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rule out possible acute immune injuries that may 
require targeted treatment (i.e. ACR or AMR). It 
is however important in routine biopsies to 
describe the presence and histologic findings of 
microvasculopathy, which goes hand in hand 
with epicardial vasculopathy and is character-
ized by a concentric thickening of small vessels, 
for both intimal and medial disease. Evidence of 
stenotic microvasculopathy in EMB has been 
found to be a negative prognostic marker in these 
patients (Hiemann et al. 2007). Regardless of 
known CAV, in these patients EMB may also 
reveal pathology findings compatible with 
AMR. However, specific treatment of AMR in 
patients with chronic syndromes may be associ-
ated with poor clinical and histological response 
and the risk-benefit ratio of aggressive anti-AMR 
therapies in these often old and frail patients 
needs careful evaluation (Gupta et al. 2014). 
Clinics and pathology of CAV are described in 
Chap. 18.

Although CAV is the most frequent complica-
tion expected in late graft dysfunction, causes 
may be more unclear and intricate and be the 
result of concurrent alterations. In this context, 
the role of EMB is again to recognize possible 

late episodes of acute rejection, both ACR and 
AMR, but even simply to exclude significant 
rejection is important, so that clinicians can turn 
their attention to alternatives. EMB can also show 
concurrent findings, such as a mild form of rejec-
tion, CAV-related microvasculopathy or signifi-
cant interstitial fibrosis, which can reinforce each 
other and cause graft compromise or impaired 
performance.

10.6  Illustrative Cases

Case 1
Primary early graft failure (Figs. 10.3, 10.4, 
and 10.5)

A woman of 61 was transplanted for end-stage 
idiopathic dilated cardiomyopathy but underwent 
a second heart transplantation 4 days later due to 
failure of the graft.

The first donor was a 26-year-old woman who 
had died of post-anoxic encephalopathy. Ischemic 
time was 160 min; panel reactive antibody was 
negative.

It was impossible to wean the patient off from 
the cardiopulmonary by-pass and therefore she 

Fig. 10.2 12-lead electrocardiogram of a patient 13 years 
after transplantation who suffered from heart failure 
symptoms. Significant widening of QRS, with a right 
bundle branch block morphology, is accompanied by dif-
fuse low voltages, in particular in the precordial leads, and 

diffuse repolarization abnormalities. Note that no-q waves 
are present, indicating absence of transmural necrosis. 
Cardiac ultrasound shows a mildly dilated left ventricle 
with diffuse ipokinesia, 35 % ejection fraction, and restric-
tive filling pattern
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was implanted with a total cardiocirculatory 
assistance – right atrium and left atrium to aorta – 
based on an extracorporeal circulatory membrane 
oxygenation (ECMO). Subsequently graft func-
tion failed to recover and the patient was then 
retransplanted.

Pathology of the first grafted heart
The weight was regular (280 g) and it was 

dilated (7 cm along the longitudinal axis and 11.5 
along the transverse one). The epicardial surface 
showed multiple haemorrhagic areas and fibrin 
deposition.

At macroscopy, after opening and sectioning 
the heart, there were:

• Multiple subendocardial haemorrhagic areas 
in both the atria (Fig. 10.3a, b).

• Extensive area of haemorrhage and necrosis in 
the basal septum (arrow) (Fig. 10.3b).

• Other multiple haemorragic areas in the mid-
apical septum, in both ventricle inferior walls 
and in left ventricle anterior wall (Fig. 10.3c, d).

Left ventricular cavity was not significantly 
dilated and wall thickness quite regular. There 
were no significant alterations in the coronary 
arteries.

The main histologic findings were:

• Multiple and extensive areas of myocardial 
coagulative necrosis distributed throughout 
the subendocardial, midmural, and subepicar-
dial myocardial layers. These areas were 
sharply demarcated from the non-altered 
myocardium by the interposition of a coagula-
tive myocytolisys zone (Fig. 10.4).

• Marked multifocal inflammatory infiltrates, 
associated or not with the coagulative 

a b

c d

Fig. 10.3 Primary early graft failure: macroscopy of the 
grafted heart. (a, b) Extensive subendocardial haemor-
rhagic areas are present in the atria (asterisks) and in the 
basal septum (arrow). (c, d) The transverse slices of the 

heart show multiple necrotic- haemorrhagic areas in the 
mid-apical septum (asterisks), in both ventricle inferior 
walls (white arrow) and in left ventricle anterior wall 
(red arrow)
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 myocardial necrosis, of mixed composition 
(lymphocytes, granulocytes, and a minor 
component of macrophages and  plasmacells). 

Interestingly the lymphocytic component 
was rich in cytotoxic CD8-lymphocytes 
(Fig. 10.5).

a b c

d e f

Fig. 10.4 Primary early graft failure: histology of left 
ventricular myocardium showing multifocal irregularly 
distributed areas of coagulative necrosis in the subendo-
cardium and midmural layers (a–c). At high power, these 
areas are sharply demarcated from the non-altered myo-

cardium (d) and zones of interposed coagulative myocy-
tolisys are evident (e, arrow) (Azan Mallory trichrome; a, 
b: ×25; c: ×100; d, e: ×200). (f) C4d immunostaining is 
strongly positive in necrotic myocytes (×200)

a b c

d e f

Fig. 10.5 Primary early graft failure. (a–c) Histology 
also reveals multiple and extensive interstitial inflamma-
tory infiltrates, which in some areas are associated with 
the coagulative myocardial necrosis (b) or with myocyte 
band necrosis (c) (Haematoxylin-Eosin, ×200). (d–f) 

Immunohistochemical typing of inflammatory infiltrates 
showing CD45+ cells (d), CD3 T-lymphocytes (e) and a 
significant component of cytotoxic CD8-lymphocytes (f) 
(original magnification ×200)
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No histologic and immunopathologic findings 
of antibody-mediated rejection were found.

Discussion/Conclusion
As is frequently the case with primary early 

graft failure, this case too is difficult to interpret. 
Although the donor heart was excellent, the organ 
was unable to wean itself from cardiopulmonary 
bypass (CPB) pump.

We can exclude the most frequent causes of 
secondary graft failure/dysfunction, such as:

• Pulmonary hypertension.
• Hyperacute rejection (no significant  interstitial 

oedema, massive infiltration of neutrophils, 
fibrin-platelet microthrombi in small vessels 
or evident endothelial damage were present).

• ACR (inflammatory infiltrate is atypical for 
ACR and coagulative necrosis is the most 
striking lesion).

• AMR (no histologic and immunopathology 
findings).

• Technical surgical problems.

The most probable cause was poor preserva-
tion of the heart: this caused extensive and irreg-
ularly distributed areas of necrosis which 

prevented weaning of the heart from CPB pump. 
In the next 4 days, the necrosis attracted the 
inflammatory cells many of which were CD8-
cytotoxic lymphocytes directed against the dam-
aged myocells.

Case 2
Early graft dysfunction (Fig. 10.6)

A 45-year-old woman was transplanted 
because of dilated cardiomyopathy due to a 
frameshift mutation of the lamin A/C gene.

Eight days after transplantation, the patient 
had severe acute graft dysfunction with hypoten-
sion and low ejection fraction (25 %).

An EMB was perfomed (Fig. 10.6) and 
showed severe rejection with a mixed pattern 
made up of widespread diffuse inflammation, 
both extravascular and intravascular, associated 
with oedema and foci of haemorrhage. The 
inflammatory infiltrates were mostly made up of 
mononuclear cells (lymphocytes and macro-
phages), with a significant number of neutrophils 
and eosinophils and were associated with diffuse 
myocyte damage, suggesting a high grade 
ACR. In addition, the venules and capillaries 
were engorged, some with an indistinct outline 

a b c

d e f g

Fig. 10.6 Early graft dysfunction. Endomyocardial 
biopsy shows widespread interstitial inflammatory infil-
trates, mostly lymphocytes and macrophages but with a 
significant number of neutrophils and eosinophils, espe-
cially where associated with myocyte necrosis and dam-
age (a: Haematoxylin-eosin, ×200). In many areas the 
venules and capillaries are engorged (b, c: Haematoxylin-

eosin, b: ×100; c: ×200) and have many macrophages 
within their lumens (d, e: CD34 (red)-CD68 (brown) 
double immunostaining; d: ×250; e: ×400). C4d immu-
nostaining shows strong diffuse positivity of capillaries 
and venules (f, ×100) and CD34 immunohistochemistry 
for endothelial cells highlights the discontinous outline of 
some capillaries (arrow) (g: ×400)
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suggesting injury. Immunohistochemistry for 
AMR was performed and showed strong, diffuse 
C4d staining of capillaries and venules (around 
90 %) with many macrophages within the lumen 
(around 25 % of the specimens), together with 
interstitial macrophages. CD34 immunohisto-
chemistry for endothelial cells confirmed that the 
capillaries were damaged.

The final diagnosis was mixed rejection pat-
tern: severe ACR and full pathologic AMR.

Patient was treated with thymoglobulines, plas-
mapheresis, IV immunoglobulins, and rituximab.

The subsequent biopsies showed a rapid and 
complete resolution of ACR histologic findings 
(15 days). AMR histologic and immunopatho-
logical findings persisted longer in EMBs: the 
histological findings had disappeared 40 days 
later and C4d positivity 80 days later.

One year later this important episode, graft 
function is normal and patient is well.

Histopathology and diagnostic criteria for 
ACR, AMR, and mixed rejection are treated in 
Chaps. 13, 14, and 15.

Case 3  
Late graft dysfunction (Figs. 10.7 and 10.8)

A man of 51 years underwent heart transplanta-
tion in 2003 for ischemic heart disease. The donor 
was a woman of 55 years; cold ischemia time was 
165 min. The total mismatch was 4 and the donor-
recipient CMV mismatch was negative.

In the first year post-transplant, the patient 
developed two episodes of mild rejection (both 
grade 1B/1R); 4 years-6 months later he had a 
moderate (3A/3R) rejection episode, treated with 
corticosteroids. The total ACR rejection score (Ʃ 
grading of each EMB/number of total EMBs) 
was 1.1, with a very low ACR severe rejection 
score (Ʃ EMB >= 3A/total EMBs) of 0.2. He 
developed mild CAV (ISHLT grade 1) after 5 
years post-transplantation

In May 2011, 7 years 8 months after trans-
plant, he returned to us with mild dyspnoea and 
severe fluid retention (NYHA class 2). ECG 
showed sinus rhythm with low voltages and right 
heart catheterization showed increased filling 
pressure with low cardiac output and wedge 

 capillary pressure of 23 mmHg, despite normal 
ejection fraction (65 %).

An EMB was performed (Fig. 10.7). 
Histologically, at low power assessment, the 
myocardial interstitium appeared more cellular 
than normal. At high power, mild inflammatory 
mononuclear infiltrates were present in the extra-
vascular interstitial compartment, not associated 
with significant myocyte damage; the capillaries 
and small venules had enlarged and prominent 
endothelial cells and lumina filled with  aggregates 
of mononuclear cells. The inflammatory burden 
was high and inflammatory cells were prevalently 
extravascular. Immunohistochemistry for AMR 
revealed C4d positive in more than 50 % of capil-
laries and intravascular macrophages in less than 
10 % of capillaries and small venules.

Histologic and immunopathologic findings 
were diagnostic of mixed rejection pattern: mild 
ACR (1B/1R grade) and full pathologic AMR 
(pAMR2).

Inflammatory infiltrates were evaluated in more 
detail: besides the expected inflammatory cells 
(CD3+ lymphocytes – total 25 % – and CD68+ 
macrophages – total 37 %) a significant number of 
CD138+ plasmacells were found (total 28 %: 
extravascular 71 %; intravascular 29 %) (Fig. 10.8).

DSA assessment with Luminex technique 
showed the presence of B40 class I antibody with 
MFI of 2278 and DQ2 class II with MFI of 3694. 
A DR7 class II nonspecific antibody was also 
found with MFI of 4381.

The patient was treated for both ACR (metil-
prednisolone 1 g ×3) and AMR (plasmapheresis 
and intravenous immunoglobulins).

In the following 4 months, C4d positivity 
dropped below 50 % although there were still his-
tological findings of AMR. ACR was negative. In 
January 2012, the patient had another episode of 
pathologic AMR (pAMR2), in absence of 
ACR. The patient was again treated with plasma-
pheresis and intravenous immunoglobulins and 
also with rituximab.

Monitoring continued until December 2014: 
EMBs showed persistence of histologic findings 
of AMR and progressive lowering of C4d 
positivity.
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Fig. 10.7 Late graft dysfunction: Endomyocardial 
biopsy. (a, b) The myocardial interstitium is more cellular 
than normal due to the presence of mild extravascular 
inflammatory mononuclear infiltrates not associated with 
significant myocyte damage (a, Haematoxylin-eosin; 
×200) and also to microvascular inflammation (b, 

Haematoxylin-eosin; ×200) with prominent endothelial 
cells and lumina of capillary and small venules filled with 
aggregates of mononuclear cells (c–e, Haematoxylin-
eosin; ×400) (Fig. 10.3). (f, g) C4d immunostaining show-
ing positivity in capillaries and small venules (×200)

a b c

Fig. 10.8 Late graft dysfunction: The inflammatory infiltrates are rich in plasmacells: (a) Haematoxylin-eosin, ×400; 
(b, c): CD138 immunostaining for plasmacells (b: ×200; c: ×400)
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11.1  Background

Heart transplantation (HTx) is regarded as the 
most effective therapeutic strategy for patients 
with end-stage heart failure, with an overall 1- 
and 5-year survival of 85 % and 70 %, respec-
tively, according to the Registry of the 
International Society for Heart and Lung 
Transplantation (ISHLT) (Stehlik et al. 2013). 
Despite these encouraging data, the marked dis-
crepancy between the need for and availability of 
donor organs limits access to HTx, and thus its 
overall success. Advances in medical and inter-
ventional treatments (including drug optimiza-
tion, electrostimulatory devices, and implantable 
mechanical assist devices) have also improved 
the outcomes of patients with heart failure 
(Kirklin et al. 2014; Yancy et al. 2013), leading to 
an increased number reaching an advanced stage 
with multiple comorbidities, and thus increasing 
the number of patients needing heart 
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 transplantation, but with a predicted more com-
plicated posttransplant course. In this context, the 
most common cause of death remains graft fail-
ure, whose etiology usually varies with time from 
transplant and can be related to cardiac allograft 
vasculopathy (CAV), rejection (both in the 
cellular- mediated rejection (CMR) or antibody- 
mediated rejection (AMR) forms or even mixed) 
(see Chap. 10). Posttransplant malignancies are 
the second most common cause of death, fol-
lowed by infections and renal failure. These 
adverse events as well as other comorbidities 
may arise as a consequence of long-term immu-
nosuppression, which may exacerbate preexist-
ing conditions and favor new-onset noncardiac 
diseases (e.g., diabetes, renal insufficiency).

In this chapter we will review patient manage-
ment strategies to reduce the risk of acute and 
chronic graft failure, as well as the onset of non-
cardiac comorbidities, which are often related to 
immunosuppressive drug side effects.

11.1.1  Evaluation Criteria for Heart 
Transplantation

The first step toward an optimal posttransplant 
outcome is adequate patient selection. The evalu-
ation of a patient for a HTx is an ongoing, longi-
tudinal process, aiming both to carefully assess 
the real need for HTx, through evaluation of clin-
ical and instrumental parameters, and to exclude 
potential contraindications. Eligibility for HTx 
must be assessed after a period of optimized 
medical therapy; the main indications were 
recently redefined by ISHLT Guidelines (Mehra 
et al. 2016). Indications and contraindications for 
HTx are discussed in detail in Chap. 4.

11.2  Early Postoperative 
Management

Early postoperative management focuses on two 
major goals: (1) recovery of graft function after 
myocardial and endothelial injuries related to 

donor brain death and ischemia during organ 
transportation and (2) acute immunosuppression 
to avoid or at least delay immune system priming 
against graft antigens. As early graft dysfunction 
is the first cause of death in the postoperative 
period (Kobashigawa et al. 2014), control of 
potential factors influencing delayed recovery of 
hemodynamic function is crucial. The task starts 
with careful organ protection strategies during 
donor management, organ retrieval, and transpor-
tation (Jahania et al. 1999) (see also Chaps. 7 and 
8). After organ implantation, circulatory function 
usually needs to be supported by inotropes with 
(adrenaline, dobutamine, noradrenaline) or with-
out (milrinone, levosimendan) vasoconstrictive 
properties, balancing, as much as possible, the 
catecholamine-mediated positive effect on circu-
latory support and peripheral organ perfusion 
with the injury that these drugs may further 
cause.

With an uneventful postoperative period, ino-
tropes are gradually withdrawn and the patient is 
usually weaned from the ventilator within 24 h. A 
major threat in this phase is recipient’s pulmo-
nary hypertension (PH). Postcapillary PH is a 
common finding in patients with advanced heart 
failure and may be associated with a precapillary 
component reactive to chronic left-side elevated 
filling pressures (Grigioni et al. 2006; Vachièry 
et al. 2013). After graft implantation, even if nor-
mal left ventricular function and adequate car-
diac output are restored, elevated pulmonary 
resistance may not decrease promptly, so causing 
increased post-load in pulmonary circulation, 
which can severely impair right ventricular func-
tion. To avoid this, careful pretransplant periodic 
assessment of changes in pulmonary pressures 
and resistances is performed; post-Htx PH thera-
peutic strategy includes direct pulmonary vasodi-
lators such as inhaled nitric oxide, oral sildenafil, 
or even intravenous prostaglandin, in association 
with inotropes. There have been reports of suc-
cess with this in single-center observational 
experiences, but it must be emphasized that ran-
domized studies are lacking (Singh et al. 2014; 
Stobierska-Dzierzek et al. 2001).
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When drugs are not sufficient to restore or 
support ventricular function after transplantation, 
mechanical circulatory devices may help to 
bridge the patient to recovery. The most frequent 
approach is an extracorporeal membrane oxygen-
ator (ECMO) pump, an extracorporeal device 
that can totally or partially substitute heart and 
lung function. According to the recent ISHLT 
consensus classification, the need for ECMO 
identifies severe early graft dysfunction. 
Incidences of reported ECMO use vary, but in all 
cases, related mortality is rather high, ranging 
from 30 to 60 %.

As mentioned, clinical complexity and patient 
deterioration are major risk factors for early graft 
dysfunction and associated postoperative compli-
cations; compromised posttransplant conditions 
are associated with renal and hepatic failure with 
need of dialysis or ultrafiltration. Compromised 
multi-organ function, in turn, increases the risk of 
systemic or respiratory infections: of note, in our 
Center’s experience, 50 % of deaths of patients 
needing ECMO support after transplantation are 
related to infectious complications.

Arrhythmias can also occur after surgery, so 
temporary epicardial pacing wires are usually put 
in place at the time of HTx, even if the initial 
rhythm is sinus, in order to maintain heart rates of 
>90 beats/min. Supraventricular arrhythmias, 
including atrial fibrillation, are not uncommon 
after HTx, particularly as a consequence of surgi-
cal anastomosis,

Other early surgical complications can be sur-
gical wound problems, mediastinitis, and pleural 
and pericardial effusions, which often require 
drainage (i.e., pericardiocentesis or thoracente-
sis). For this reason, pleural and pericardial 
drainages are maintained in the first 2–4 days 
after surgery and removed after X-ray documen-
tation of the absence of pleural effusions.

During the first days following surgery, a 
physical training program is gradually started, 
aiming to improve respiratory mechanics and to 
limit the occurrence of pulmonary infections.

Immunosuppression is started in the early 
postoperative phase (in the operating theater as 

an induction therapy in most centers) then main-
tenance immunosuppression is progressively 
tapered, initially through intravenous drugs then 
orally, after the patient is extubated. At the begin-
ning of immunosuppression, acute rejection epi-
sodes (typically ACR) can occur, as well as 
bacterial or fungal infections, especially in the 
lung or urinary tract, as a consequence of immune 
system depression. These aspects of rejection and 
immunosuppression will be discussed in further 
detail below.

11.3  Early Problems After Heart 
Transplantation

The clinical follow-up is very strict in the first 
weeks after hospital discharge. In this period, the 
main complications are acute myocardial rejec-
tion, both cell mediated (ACR) and antibody 
mediated (AMR), and clinically significant infec-
tions related to immunosuppressive therapy.

11.3.1  Rejection

Myocardial rejection is routinely monitored with 
scheduled endomyocardial biopsies (EMB).

EMB protocols might differ among centers 
and also according to predicted risk of rejection 
(higher in young people, women with previous 
pregnancies, African-Americans, and patients 
with other prior surgical operations or blood 
transfusions). Scheduled EMBs are usually per-
formed until the first or second year after HTx 
(more rarely up to 5 years in some centers) and 
are more frequent in the first 3–6 months. 
Additional biopsies are performed in case of clini-
cal suspicion of rejection; however, most cases of 
cellular rejection are asymptomatic without any 
graft or hemodynamic impairment. Cellular rejec-
tion (ACR) or mixed scenarios with both ACR 
and antibody-mediated rejection (AMR) can lead 
to clinical signs of graft dysfunction or symptoms 
that can vary from supraventricular or ventricular 
arrhythmias to mild dyspnea or asthenia or even 

11 Clinical Management of Transplant Recipients



174

signs of heart failure. The clinical picture of graft 
dysfunction is treated in detail in Chap. 10.

Treatment of acute rejection is discussed later 
in this chapter.

11.3.2  Infections

Infections are usually more frequent during the 
first months after HTx due to the high immuno-
suppressive burden associated with postoperative 
frailty, especially in high-risk patients (i.e., older, 
with renal failure, COPD), but can occur even in 
the late postoperative period. As depicted in 
Fig. 11.1, in the early phase, wound infections 
and Candida albicans infections are the most fre-
quent complications, whereas in the midterm 
pneumonia (bacterial, Pneumocystis carinii), uri-
nary tract infections (often bacterial), 
Cytomegalovirus (CMV) infections, herpes virus 
or varicella-zoster infections, and mycosis 
(Candida albicans) might occur.

Prophylaxis for Pneumocystis carinii and for 
oral candidiasis is usually delivered for at least 
6 months after HTx. In case of a severe infection, 

global immunosuppression is generally reduced, 
as long as no significant recent rejection episodes 
have occurred.

11.3.3  CMV Infection

Given the high prevalence of Cytomegalovirus 
(CMV) latent infection in the general population, 
CMV reactivation frequently occurs after HTx, 
favored by immunosuppression and postopera-
tive inflammation. The risk of virus reactivation 
or infection is highest in seronegative patients 
receiving hearts from positive donors (CMV mis-
match, R−/D+) and moderately frequent in posi-
tive recipients (R+). Therefore, the CMV 
serologic status of both donor and recipient is 
evaluated to stratify patient risk for developing a 
CMV infection and to manage anti-CMV strat-
egy (Kotton et al. 2010).

CMV infection can be completely asymptom-
atic, especially when viral load is low; occasion-
ally it may lead to flu-like symptoms: fatigue, 
low-grade fever, leukopenia (CMV syndrome). 
More severe clinical scenarios with organ 

Viral HSV CMV
EBV
Zoster
HBV/HCV reactivation

CMV
Papillomavirus

Community acquired
pneumonias and urinary
infections

Pneumocystis
Aspergillus
Cryptococcus

Nocardia
Listeria
Tubercolosis

Toxoplasma
Leishmania
Tripanosoma

<1 month

(mainly nosocomial)

1–6 months >6 months

(mainly oportunisitc) (mainly community acquired)

Fungal Candida

Bacterial Wound and urinary tract
infections

Bacterial pneumonias

Parasitosis

Fig. 11.1 Course of infection according to time from HTx

M. Masetti and F. Grigioni

http://dx.doi.org/10.1007/978-3-319-46386-5_10


175

involvement can however occur, including hepa-
titis, gastroenteritis, and pneumonia (CMV dis-
ease) (Griffiths et al. 1999). Strategies to prevent 
CMV infection and disease should be planned, 
because of CMV impact on organ function in 
cases of overt CMV disease, and because of its 
indirect effects on graft function: even subclini-
cal low-grade CMV infection may trigger 
immune-mediated endothelial damage, and so 
possibly even cardiac allograft vasculopathy 
(Griffiths et al. 1999; Potena et al. 2006). The 
impact of CMV on the graft appears to be medi-
ated by innate and adaptive immune systems, 
rather than by a direct in situ viral cytotoxic 
effect. The more aggressively CMV infection is 
treated and prophylaxis used, the less intimal 
hyperplasia develops.

Using specific anti-CMV agents such as (val) 
ganciclovir, two strategies are recommended to 
prevent CMV infection and disease: universal 
prophylaxis and preemptive therapy. While pro-
phylaxis consists of administrating the antiviral 
agent to all patients at risk, with the preemptive 
strategy, only patients who develop a “certain” 
threshold of subclinical infection receive treat-
ment (Kotton et al. 2010; Potena et al. 2009).

Immunosuppressive agents also influence 
CMV infection: inhibitors of the mammalian tar-
get of rapamycin (mTOR), tested for prevention 
of acute rejection in solid organ transplant recipi-
ents, appear to have anti-CMV properties and to 
reduce CAV progression when started early post 
HTx (Eisen et al. 2013).

11.4  Immunosuppressive Drugs

A complete description of the various immuno-
suppressive drugs and their respective treatments 
goes beyond the purposes of this textbook (see 
Table 11.1). These drugs act at various levels in 
the pathways involved in cellular proliferation, as 
depicted in Fig. 11.2. Immunosuppressive drugs 
may be administered at the induction phase, as 
maintenance therapy or to treat rejection.

“Induction” consists in the administration of a 
high immunosuppressive burden by polyclonal or 
monoclonal antibody preparations (described 

below) at the time of transplant and for a few 
days after. Not all transplant centers currently use 
this approach and the efficacy of induction strat-
egy over noninduction is debated (Costanzo et al. 
2010; Whitson et al. 2015).

This approach is related to the need to monitor 
for the effect of inflammatory stimuli such as 
donor brain death, ischemia/reperfusion, and sur-
gical trauma, which increase donor antigen 
expression and thus recipient immune response.

In this phase, the not fully recovered renal 
function and low levels of hemoglobin may dis-
turb the beginning of the immunosuppression 
maintenance regimen, especially of calcineurin 
inhibitors (CNI).

Induction therapy (with thymoglobulin, or 
alternatively with basiliximab) allows the intro-
duction of other immunosuppressive agents, par-
ticularly CNI (either tacrolimus or cyclosporine) 
to be delayed, in order to avoid CNI-related exac-
erbation of renal dysfunction and to preserve 
renal function in the postoperative period. 
Disadvantages of induction therapy are the 
increased risk of infection, malignancies, and 
elevated costs.

“Maintenance therapy” consists in a long- 
term immunosuppressive regimen to monitor 
immune system activity against graft antigens 
and so prevent acute and chronic rejection.

We will now provide a brief description of the 
mechanism of action of the main compounds 
used for induction and maintenance therapy, and 
of treatments for acute rejection.

11.4.1  Polyclonal and Monoclonal 
Antilymphocyte Antibody 
Preparations

Polyclonal antibody preparations are ATGAM 
(derived from horses) and thymoglobulin (from 
rabbits); they act against surface T- and B-cell 
molecules, including HLA, leading to lympho-
cyte depletion by complement-dependent opso-
nization and eventual cell lysis and apoptosis. 
They may also bind granulocytes and platelets, 
potentially causing leucopenia and thrombocyto-
penia, thus requiring either a reduction in dose or 
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termination of therapy. Monitoring of T cells 
with flow cytometry is used to assess efficacy and 
to adjust dosage. The xenogeneic origin of these 

polyclonal antibodies can induce a hypersensitiv-
ity response characterized by urticaria, fever, 
chills, and rash, especially after the first dose, so 

Table 11.1 Antirejection drugs and their use in various immunosuppression phases

Induction Maintenance Acute rejection

Polyclonal antilymphocytes 
antibodies
  ATGAM (horses)
  Thymoglobulin (rabbits)

Steroids (prednisone) Steroids (methylprednisolone)

Anti-cytokine receptor 
antibodies
  Basiliximab
  Daclizumab

Calcineurin inhibitors
  Cyclosporine
  Tacrolimus

Thymoglobulin

Antiproliferative agents
  Azathioprine
  Mycophenolate mofetil
  mTOR inhibitors (everolimus, 

sirolimus)
  Cyclophosphamide

Intravenous immunoglobulin

Pheresis treatments
  Plasma exchange
  Plasmapheresis
  Immunoadsorption

Antigen-presenting cell

MHC

CD-80/86
LEA29y
CD28

X X

X

Co-stimulation

CD3
TCR ATG

Antigen

IL-2

Cyclosporine
Tacrolimus

Calcineurin X
Steroids

N FAT

IL-2 gene

T cell

M

G1 S

X AZA
MMF

Sirolimus

CD25

X

Anti CD25

MTOR

NFkB

X

OKT3

Fig. 11.2 Different action points of immunosuppressive 
drugs. CD80 protein found on activated B cells and mono-
cytes providing a co-stimulatory signal for T-cell activa-
tion, CD86 protein expressed on antigen-presenting cells, 
CD28 protein expressed on T cells, LEA29y (belatacept) 

fusion protein crucial in the regulation of T-cell co- 
stimulation, NFAT nuclear factor of activated T cells, 
NF-kB nuclear factor kappa-light-chain-enhancer of acti-
vated B cells, MHC major histocompatibility complex, 
TCR T-cell receptor
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premedication with steroids is often prescribed 
(Aliabadi et al. 2016).

11.4.2  Anti-cytokine Receptor 
Antibodies

The only anti-cytokine receptor antibody still 
available is basiliximab (daclizumab is no longer 
on the market). This is a chimeric (mouse/human) 
anti-IL-2R monoclonal antibody that binds 
CD25, a subunit of IL-2R expressed on antigen- 
activated T cells, preventing the binding of IL-2 
to IL-2R and inhibiting T-cell proliferation. The 
drug is intravenously injected in two doses: the 
first in the operating room, the second after 
4 days; its activity is maintained up to 4–6 weeks. 
Basiliximab is used as induction therapy in many 
heart transplantation centers, although recent 
registry analysis suggests lower efficacy than 
thymoglobulins (Ansari et al. 2015; Martin et al. 
2015; Campara et al. 2010). Belatacept (LEA29y) 
and muronomab (OKT3) are not currently used 
in the setting of heart transplantation.

11.4.3  Corticosteroids (Steroids)

Steroids are a historic cornerstone in all phases of 
immunosuppression: induction, maintenance, and 
acute therapy. The glucocorticoid receptor–steroid 
complex translocates into the nucleus, where by 
binding to DNA, it influences the expression of 
genes involved in immune and inflammatory 
response and affects the number, distribution, and 
function of all types of leukocytes (T and B lym-
phocytes, granulocytes, macrophages, and mono-
cytes), as well as endothelial cells. High-dose 
steroids are usually given intravenously at the time 
of operation and in the first days after HTx, and 
then orally, with gradual dose tapering over months 
or years, according to rejection surveillance. Pulse 
steroids, either oral or intravenous, are usually the 
first treatment for moderate rejection (ISHLT grade 
3A/2R) without hemodynamic impairment, with 
efficacy in 80–85 % of cases. Current guidelines 
suggest weaning from steroids within the first year 
after transplant, to avoid long-term adverse events 

(Costanzo et al. 2010). Main side effects are hyper-
tension, emotional lability, cataracts, gastric ulcer, 
poor wound healing, and proximal myopathy. 
Cosmetic effects include hirsutism, acne, easy 
bruising, skin fragility, moon face, buffalo hump, 
weight gain, and truncal obesity. Major metabolic 
effects are hyperlipidemia, salt and water retention, 
diabetes mellitus, osteopenia, avascular necrosis, 
and growth retardation in children. Long-term 
administration of steroids may result in chronic 
adrenal suppression, and adrenal insufficiency can 
follow steroid tapering, with fever, asthenia, and 
hypotension (Lindenfeld et al. 2004).

11.4.4  Calcineurin Inhibitors (CNI)

The currently available CNIs are cyclosporine 
(CSA) and tacrolimus (TAC). Since its discovery 
in 1982, when it led to an improvement in post- 
transplant survival, CSA (derived from 
Tolypocladium inflatum) has remained a corner-
stone of maintenance therapy. Both drugs bind to 
immunophilins (CSA to cyclophilin and TAC to 
FK binding protein 12, FKBP-12); the complex 
binds calcineurin, a phosphatase that dephos-
phorylates multiple molecules, including NF-AT 
(NF of activated T cells). Dephosphorylated 
NF-AT binds the promoter regions of IL-2, 
inhibiting IL-2 transcription (Lindenfeld et al. 
2004). The CNI dose is adjusted according to 
blood levels, and depending on distance from 
transplant and occurrence of rejection. Their 
main adverse effect is renal toxicity. This dose-
related side effect may be acute or chronic. 
According to the literature, CNI-related renal 
failure occurs in 40–70 % of transplant recipi-
ents; 33 % mean reduction of creatinine clear-
ance at 6 months after HTx is reported; 7 % of 
patients require hemodialysis due to end-stage 
renal failure. Other frequent adverse effects are 
hypertension, hyperlipidemia, neurological 
problems (tremor, paresthesias, headache, sei-
zures, mental status changes, visual symptoms, 
and insomnia), cholestasis, diabetes (more fre-
quently in TAC), hypertrichosis, and gingival 
hyperplasia (only in CSA), alopecia (only TAC). 
TAC, previously known as FK506, is a  macrolide 
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produced by the fungus Streptomyces tsuku-
baensis. A clinical trial showed that TAC is more 
effective than CSA in preventing biopsy-proven 
cellular rejection when associated with mycophe-
nolate mofetil (Kobashigawa et al. 2006); there-
fore, TAC/MMF is currently considered the 
standard of care in modern maintenance immu-
nosuppressive regimens.

11.4.5  Antiproliferative Agents

Azathioprine (AZA) AZA is an oral prodrug that 
is converted to a purine analog and incorporated 
into DNA, inhibiting its synthesis and the prolif-
eration of both T and B lymphocytes. The major 
side effects of AZA are myelosuppression (leu-
kopenia, anemia, and thrombocytopenia) and 
skin cancers. More modern compounds (see 
below) have shown greater efficacy than AZA in 
preventing cellular rejection, thus confining the 
use of this drug to long-term maintenance 
patients, or to those not tolerating either myco-
phenolate or mTOR inhibitors (Kobashigawa 
et al. 1998; Eisen et al. 2003).

Mycophenolate mofetil (MMF) MMF is a non-
competitive inhibitor of inosine monophosphate 
dehydrogenase. Proliferating lymphocytes are 
dependent on this pathway as the only mecha-
nism for purine synthesis and DNA replication, 
whereas other cells also use other salvage path-
ways for purine synthesis. MMF selectively 
inhibits lymphocyte proliferation in response to 
allogeneic stimulation without inhibiting other 
cell lines. MMF is given orally, usually twice a 
day, and in a prospective randomized trial 
proved superior to AZA for graft survival and in 
preventing rejection, even when used with 
reduced CSA doses. It is currently the standard 
antiproliferative drug. Major side effects are 
nausea, vomiting, and diarrhea, usually dose 
dependent (Lindenfeld et al. 2004; Kobashigawa 
et al. 1998).

mTOR inhibitors Sirolimus (SIR) and its analog 
everolimus (EVE), first isolated in soil samples 
from Rapa Nui (Easter Island), is a natural product 

of the actinomycetes Streptomyces hygroscopicus. 
These drugs bind to the same family of immuno-
philins as TAC, but rather than blocking calcineu-
rin-dependent T-cell activation, inhibit the 
mammalian target of rapamycin (mTOR). This 
kinase phosphorylating protein is involved in the 
regulation of the cell cycle and plays a critical role 
in signals from the growth factor receptors to the 
cell nucleus, to stimulate growth and proliferation 
of T and B lymphocytes, smooth muscle cells, and 
endothelial cells. The frequent involvement of the 
mTOR system in various biological pathways 
(endothelial cells and smooth muscle cell prolif-
eration, cancerogenesis, healing repair) explains 
both its adverse effects and its potentially positive 
effect in various pathological processes 
(Zuckermann et al. 2013). Both sirolimus and 
everolimus proved superior to AZA in prevention 
of cellular rejection, and everolimus proved non-
inferior to MMF. A peculiar clinical effect of this 
class of drugs is to reduce coronary intimal thick-
ness, a major feature of early CAV development. 
In addition, antiproliferative properties of everoli-
mus have been studied in general oncology 
(Baselga et al. 2012; Motzer et al. 2010) or in 
transplanted patients developing a tumor (Epailly 
et al. 2011; Stallone et al. 2005; Salgo et al. 2010).

On the same basis, these drugs can lead to a 
slower wound healing repair process, particularly 
in diabetic and obese patients (Zuckermann et al. 
2013), and to a higher susceptibility to infection, 
particularly bacterial. The synergic effect with 
CSA allows a reduction in CSA dose, with the 
aim of reducing the CNI-related nephrotoxic 
effect. It must be noted, however, that sirolimus 
use in heart transplant is off-label and that, in the 
United States and Canada, everolimus is not reg-
istered for heart transplant.

11.5  Treatment of Acute Rejection

Acute cellular rejection episodes Although rejec-
tion treatment can vary slightly among  centers, 
therapeutic protocols are more or less established. 
Biopsy-proven cellular rejection ≥2R (3A) is 
 usually treated by intravenous methylpredniso-

M. Masetti and F. Grigioni



179

lone (normally 1 g for 3 days), sometimes fol-
lowed by an increase in oral maintenance dosage. 
With higher grades of rejection (>2R) or a 2R 
rejection with compromised graft (i.e., low car-
diac output or high ventricular filling pressures, 
reduced ejection fraction) or in symptomatic 
patients, thymoglobulins are used in addition to 
steroids. Any clinically symptomatic rejection 
must be treated regardless of histological grade. 
Treatment of low-grade (1R) rejection varies 
among centers, it is not usually treated if it occurs 
late after HTx; whereas in the earlier phases, 
background immunosuppression is usually 
increased. Recurrent rejections can be treated 
with thymoglobulin and a change in background 
immunosuppression.

Patients with severe hemodynamic impair-
ment due to rejection can develop heart failure; 
in this case, they should be transferred to ICU 
for the standard heart failure treatment, includ-
ing diuretics, inotropic drugs, or even temporary 
ventricular assist devices (intra-aortic balloon 
pump, ECMO). In these more severe cases, 
especially when occurring late after HTx, a 
mixed scenario characterized by coexistence of 
cellular and antibody- mediated rejection and 
graft vasculopathy may occur, thus complicat-
ing clinical management. A more detailed 
description of graft failure management is 
described in the correspondent Chapter in this 
book Chapter 11.

Antibody-mediated rejection (AMR) and mixed 
rejection forms There is as yet no standard 
treatment for AMR due to the lack of large 
sample prospective trials investigating this 
issue; although general recommendations were 
recently provided by ISHLT, treatment varies 
according to the local protocols. There is no 
agreed time to start treatment nor which spe-
cific drugs to choose. Current ISHLT guidelines 
and consensus on AMR recommend high-dose 
corticosteroids, plasmapheresis, and IVIg as 
first-line therapies. Currently secondary thera-
pies include rituximab, bortezomib, and anti-
complement antibodies. While there is general 
consensus in treating AMR with any sign of 

graft dysfunction, whether to treat (and how) 
pAMR findings with or without donor specific 
antibodies, in absence of graft dysfunction, is 
still under debate.

Typical pathological findings of AMR are 
extensively described in Chap. 14. Here we must 
emphasize the clinical importance of a differen-
tial diagnosis between cellular and antibody- 
mediated rejection, which is currently only 
possible with pathological analysis of EMB, 
because of the different therapeutic approaches.

11.6  Strategies for Antibody- 
Mediated Rejection

Mechanical removal of antibodies These meth-
ods are used to remove circulating alloantibodies 
mechanically, and have the advantage of being 
inexpensive. The general principle is to separate 
plasma from cellular blood components by cen-
trifugation or membrane filtration, which 
removes the alloantibody. The reconstituted 
blood is then reinfused into the patient.

There are three different techniques 
(Kobashigawa et al. 2011):

 1. Plasma exchange (PE): the plasma-depleted 
blood is reconstituted with fresh-frozen 
plasma or albumin, which usually gives no 
anaphylactic reactions.

 2. Double-filtration plasmapheresis (DF-PP): 
after removal of plasma, the low-molecular- 
weight fraction of plasma is obtained by a sec-
ond physical separation and then infused into 
the patient.

 3. Immunoabsorption (IA) plasmapheresis: here 
the second separation is immunochemical and 
allows removal of only immunoglobulins, 
through binding them to immune absorbents, 
which are typically porous beads covalently 
coupled to polyclonal antihuman IgG anti-
body or to protein A, a natural component of 
Staphylococcus aureus with high affinity for 
circulating immune complex and IgG.
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The first two techniques remove nonselectively 
(or only partially) all plasma components, such as 
proteins, leading to an increased risk of bleeding 
and infection; these require fluid replacement 
with fresh-frozen plasma or albumin, with possi-
ble allergic reactions and infections. They are not 
selective enough to remove all antibodies, and 
administration of immunosuppressive agents is 
then needed. IA avoids fluid replacement, but is 
more expensive than the other techniques and 
does not allow the removal of cytokines, which 
often play a role in AMR. Before HTx, plasma-
pheresis can be used in highly sensitized waiting 
list patients to reduce their circulating antibodies, 
so increasing their chances of finding a donor 
with negative crossmatch. After HTx, PP or IA 
are used to treat symptomatic AMR. Duration of 
plasmapheretic treatment varies between centers 
and ranges from a few days to 3–4 weeks.

Drugs to decrease antibody activity Intravenous 
immunoglobulin (IVIG) is currently the primary 
method used to inhibit, often used in combination 
with plasmapheresis, to reduce the reactivity of 
eventual residual circulating alloantibodies. 
Major adverse events are allergic reaction and, 
rarely, thromboembolic events and renal insuffi-
ciency (Jordan et al. 2009).

Drugs suppressing B-cell lines Rituximab is a 
chimeric monoclonal anti-CD20 antibody. It 
binds to CD20, which is involved in B-cell acti-
vation and differentiation, and leads to B-cell 
depletion by antibody-dependent cell cytotoxic-
ity (ADCC). This drug has been approved for 
treatment of B-cell lymphomas and rheumatoid 
arthritis; it is currently used in AMR treatment, 
but in studies or in clinical series has often been 
used in combination with other immunosup-
pressive agents and PP, thus limiting the reli-
ability of its evaluation as a single agent. Drugs 
targeting proteasomes show potential in reduc-
ing plasma cell activity and protein synthesis: 
bortezomib is a proteasome inhibitor approved 
for multiple myeloma and mantle cell lym-
phoma; it binds the catalytic site of the 26S pro-
teasome. Adverse effects can be gastrointestinal 
toxicity, thrombocytopenia, and paresthesias 
(Kaczmarek et al. 2007; Kittleson and 
Kobashigawa 2012).

11.7  Long-Term Complications 
After Heart Transplantation

The major long-term complications after heart 
transplantation include cardiac allograft vascu-
lopathy, renal insufficiency, and malignancies. 
Because of their clinical importance and com-
plexity, they are dealt with in Chaps. 18, 20, and 
21. We shall now describe additional complica-
tions often seen after heart transplant, mainly 
related to side effects of immunosuppressive 
therapy, and which may significantly affect mor-
bidity and quality of life.

11.7.1  Hypertension

Hypertension occurs frequently after HTx (up to 
90 % of cases), as a side effect of steroids and 
CNIs (Lindenfeld et al. 2005). Some patients, par-
ticularly those with ischemic cardiomyopathy, 
were already hypertensive prior to HTx. 
Antihypertensive therapy is the same as for the 
general population: beta blockers, ACE inhibi-
tors, angiotensin-receptor blockers, calcium 
blockers, alpha-antagonists, diuretics, and nitrates 
are the drugs commonly used. High doses of beta 
blockers, given the denervation of the transplanted 
heart; possible higher incidence of lower limb 
edema in patients taking calcium blockers and 
mTOR inhibitors; and effects of ACE inhibitors 
or sartans on renal function, particularly in dia-
betic patients, all require extra caution.

11.7.2  Noncardiac Surgery

Often HTx recipients may need noncardiac sur-
gery, most frequently oncological and vascular sur-
gery, general abdominal surgery (i.e., gallbladder), 
followed by orthopedic (i.e., hip prosthesis after 
steroid-induced aseptic necrosis), and minor sur-
gery (i.e., hernias, dermatological, ocular). In the 
presence of a normal graft function, most of the 
surgical risk is related to kidney function and to 
infections; cardiac complications or graft failure 
episodes after surgery are rare. For this reason, 
depending on the type of surgery, immunosuppres-
sion is generally reduced before, during, and after 
the operation, to allow wound healing and tissue 
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repair and to decrease the incidence of infections. 
Aggressive intra- and postsurgical antibiotic pro-
phylaxis is given. In patients undergoing respira-
tory and gastrointestinal surgery, after which oral 
alimentation is not possible for a certain period, 
intravenous immunosuppressants are used (ste-
roids, CSA, and in certain countries MMF and 
TAC). A myocardial biopsy before surgery can be 
considered in patients with recent or recurrent 
rejection episodes. The use of blood products (fil-
trated and irradiated) must be limited, in order to 
contain sensitization and avoid arising new anti-
bodies, which could trigger rejection. mTOR inhib-
itors are interrupted before and after surgery to 
limit wound healing problems. Coronary angiogra-
phy is not usually done before surgery, except in 
selected high-risk cases (Lyons et al. 1995).

11.7.3  Osteoporosis

Osteoporosis and osteopenia are quite frequent 
after HTx, for two main reasons: (1) a 30–50 % 
reduction in bone mass prior to HTx, caused by 
heart failure (hypocalcemia is related to high 
doses of diuretics, renal failure, and low levels of 
physical activity) and (2) high doses of steroids, 
especially in the first 6 months after HTx, leading 
to a reduction in bone density, especially in the 
vertebral column and hips. For these reasons, all 
adult HTx candidates should be screened for pre-
existing bone disease, with a dual energy X-ray 
absorptiometry scan of the lumbar spine and fem-
oral neck. Aggressive treatment of osteoporosis is 
mandatory to prevent bone and hip fractures; 
bisphosphonates are the treatment of choice and 
are used to reduce bone turnover (with caution in 
presence of renal insufficiency), even in patients 
with osteopenia. All patients must have the rec-
ommended daily dose of calcium and vitamin D, 
if necessary with oral implementation, often used 
in patients with osteopenia. Regular physical 
activity must be encouraged to prevent fractures 
and osteoporosis (Jeon et al. 2015).

11.7.4  Diabetes Mellitus

Prevalence and incidence of diabetes increase 
after HTx (35–40 % of patients), due to steroid 

therapy. In a diabetic patient, glycemia worsens 
after HTx, due to steroids; a steroid-induced 
form of diabetes can reveal itself after HTx, 
which in some cases can be at least partially 
reversed with steroid tapering. The worsening 
of glycemia levels after HTx can accelerate 
vascular and nonvascular complications of dia-
betes: neuropathy, diabetic nephropathy, reti-
nopathy, and peripheral vascular disease are a 
frequent cause of morbidity and mortality after 
HTx. For this reason, vascular damage related 
to diabetes must be carefully assessed before 
HTx. Claudicatio intermittens, repeated periph-
eral revascularizations, or even limb amputa-
tions and strokes are not rare after HTx, 
especially in former smokers and in patients 
with severe renal failure. Overall, the preva-
lence of vascular diseases related to diabetes is 
high after HTx; in these patients, a tapering of 
steroids can be considered, when possible. 
Diabetes is an independent predictor of mortal-
ity and a frequent cause of renal insufficiency; 
poor glycemia levels accelerate renal failure; 
7 % of patients are on long-term dialysis after 
HTx, and diabetes is the prevalent cause in a 
consistent percentage of cases. As a renal-spar-
ing strategy, CNI minimization or even elimi-
nation, together with avoidance of ACE 
inhibitors, is generally used with these patients. 
The topic of renal failure is treated elsewhere in 
this book.

11.7.5  Pregnancy and Sexual Health

Sexual reproduction in transplanted patients is 
challenging. When approaching this issue, the 
clinician must take several factors into account, 
and explain them to the patient: (1) the personal 
wishes of the patient, especially for pregnancy, 
and their associated psychological background, 
(2) graft function and the risk of sensitization 
and of rejection during pregnancy, (3) the 
potential teratogenicity of immunosuppressive 
agents, that can be transmitted both by placenta 
and by sperm, (4) the risk of transmitting famil-
ial heart disease (i.e., some forms of hypertro-
phic and dilated cardiomyopathy). Male 
transplant recipients may have reduced fertility, 
due to impaired spermatogenesis, and  
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sometimes, erectile dysfunction. However, no 
malformations of newborns have been reported, 
despite a slight increase in the risk of pre-
eclampsia (Morken et al. 2015).

In general, pregnancy should not be 
attempted sooner than 1 year after HTx. For a 
woman considering pregnancy, a global graft 
and rejection assessment, coronary angiogra-
phy (if not performed within the previous 
6 months), together with urine cultures and 
serological and microbiological tests should 
be made. For a pregnant woman, CNI can be 
continued, but with closer monitoring of 
blood levels, as they can fluctuate consider-
ably due to changes in plasma volume. MMF 
however should be discontinued; the use of 
AZA can be considered, but is still controver-
sial; steroids can be continued. No teratogenic 
effects have been reported in a single case of 
unplanned pregnancy with everolimus 
(Fiocchi et al. 2016). Hormonal contraception 
can be taken only after a hypercoagulability 
state has been excluded and should not be 
given to patients with severe hypertension, 
CAV, or history of estrogen-sensitive malig-
nancies. Sexually active patients with or with-
out multiple partners should be educated to 
use condoms and to undergo regular screening 
for sexually transmitted infections. Women 
should receive the quadrivalent human papil-
lomavirus (HPV) vaccine for infection pre-
vention before HTx. Intrauterine devices 
(IUD) are not generally recommended because 
of concerns regarding increased risk of pelvic 
inflammatory infection and infertility. Erectile 
dysfunction (ED) is frequent after HTx and 
can be related to diabetes, drugs, and psycho-
logical problems; phosphodiesterase inhibi-
tors can be considered with caution when 
there is concomitant nitrate therapy, as in the 
general population.

11.7.6  Psychological and Psychiatric 
Disorders

Psychological and psychiatric problems are com-
mon after HTx for various reasons: the conse-

quences of the stress of waiting for transplant, the 
frequent medical controls after HTx, fear of 
rejection, and also the psychological difficulty of 
accepting an organ from another person. Steroids 
too can induce or exacerbate humor problems, 
causing anxiety, or even depression and aggres-
sive behavior. Even with a careful psychologi-
cal screening before HTx, these problems can 
sometimes arise unexpectedly after HTx; for 
this reason, regular psychological counseling is 
crucial even after surgery, also with the view to 
preventing nonadherence to medication and to 
identify behavior problems. Nonadherence is a 
major and underestimated problem and may 
lead to adverse outcomes; it must be identified 
by carefully analyzing patient attitude and rela-
tionship with the transplant center medical per-
sonnel (Dobbels et al. 2010; Schafer-Keller 
et al. 2008). Serotonin reuptake inhibitors, par-
ticularly citalopram, and new-generation anti-
depressants are the most frequently used 
medication, whereas caution must be used with 
tricyclic antidepressants and MAO inhibitors, 
because of their cardiovascular toxicity (con-
duction delay, orthostatic hypotension, and 
anticholinergic affects the former, hypotension 
the latter). Psychological discomfort may rep-
resent a significant marker of adverse prognosis 
(Sirri et al. 2010).

Key Points

• Clinical management of heart transplant 
recipients is centered on multidisci-
plinary longitudinal evaluation.

• Management of infections and rejection 
characterizes the first phase after 
transplant.

• Immunosuppression therapy is effective 
in preventing rejection but exposes 
patients to a wide array of adverse 
events.

• Long-term management is mainly 
focused on preventing and controlling 
the medical side effects of chronic 
immunosuppressive therapy.
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12.1  Background

The main role of immunologists in cardiac trans-
plant programmes is to prevent antibody- 
mediated rejection (AMR). The 
immunosuppressive drugs currently used (such 
as calcineurin inhibitors and mTOR inhibitors) 
mainly target T lymphocytes, which are needed 
for production of antibodies, but once antibodies 
are made, currently used immunosuppressive 
drugs have no effect on circulating antibody. It is 
thus imperative to prevent the production of anti-
bodies to donor antigens.

The most important antibodies are antigens 
encoded by genes of the major histocompatibility 
complex (MHC), which in humans is known as 
the human leukocyte antigen (HLA) system and 
is located on chromosome 6. The protein  products 
of genes within the HLA system can be classified 
as either HLA class I (HLA-A,HLA-B,HLA-C), 
HLA class II (HLA- DR,HLA-DP,HLA-DQ) or 
other immune-related gene products such as 
components of the complement cascade, cyto-
kines such as tumour necrosis factor (TNF)-α, 
nonclassical MHC genes (MIC-A and MIC-B) as 
well as heat-shock proteins. Histocompatibility 
& Immunogenetics (H&I) scientists have to 
determine the HLA type of both donors and 
recipients and to determine whether patients 
have preformed antibodies to donor HLA anti-
gens. Hence, all patients on the transplant waiting 
list are screened for antibodies to HLA antigens. 
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When a potential donor becomes available for a 
sensitised patient, care is taken to ensure that 
either they do not receive a donor heart bearing 
those particular HLA antigens or, if they do, the 
level of antibodies are too low to be clinically rel-
evant. This procedure is known as the virtual 
crossmatch.

At our institution approximately 30–40 % of 
patients waiting for a heart or lung transplant 
have preformed antibodies to HLA antigens. 
Production of antibodies to HLA antigens can be 
caused by multiple pregnancies, blood transfu-
sions or transplantation. There are also patients 
who have preformed HLA antibodies for 
unknown reasons. The number of sensitised 
patients awaiting transplantation has increased in 
recent years, due to the introduction of more sen-
sitive assays for HLA antibody detection.

12.2  Nomenclature, Structure 
and Tissue Distribution 
of MHC Antigens

There are six loci-coding HLA antigens relevant 
to solid organ transplantation, HLA-A, HLA-B, 
HLA-C, HLA-DR, HLA-DP and HLA-DQ. When 
these antigens were first discovered in mice, 
immunologists thought they were antigens which 
regulated the immune response, and the antigens 
coded for by the Ia gene (in mice) were called 
class II genes, and those coded by the Ie gene 
were called class I genes. The equivalents in 
human are HLA-DR, HLA-DP and HLA-DQ 
known as class II antigens and HLA-A, HLA-B 
and HLA-C which are known as class I genes or 
antigens.

12.2.1  Structure of HLA Molecules

The class I molecule is a transmembrane glyco-
protein consisting of two polypeptide chains. 
The heavy chain is a 44kD protein which is 
associated with β2 microglobulin, a molecule 
which is coded for outside the HLA region on 
chromosome 15. The heavy chain has three 
extracellular domains, α1, α2 and α3, as well as 

a transmembrane region and a cytoplasmic tail. 
The variability between class I molecules is 
found largely within the α1 and α2 domains, 
with different alleles of the class I genes varying 
by as many as 30 residues. The α1 and α2 
domains constitute the functional site of the 
HLA molecule, where the molecules fold to 
form a groove. This groove is filled by a peptide 
for contact/presentation with the T cell 
receptor.

The class II molecule is a heterodimer com-
prised of a heavy chain (the alpha chain) of 
approximately 33KD and a light chain (beta 
chain) of approximately 28KD. Each chain has 
two extracellular domains (α1, α2, β1 and β2), as 
well as a transmembrane region and cytoplasmic 
tail. The polymorphisms of class II molecules 
reside within the β1 domain, which in combina-
tion with the invariant α1 domain folds to form 
the peptide-binding groove.

12.2.2  Tissue Distribution of HLA 
Molecules

Class I antigens are constitutively expressed on 
the surface of all nucleated cells in humans 
including endothelial cells. Nonnucleated cells 
such as erythrocytes or syncytial tissue such as 
the myocardium and skeletal muscle do not con-
stitutively express class I antigens but can be 
induced to express class I by inflammatory cyto-
kines such as tumour necrosis factor (TNF). 
Hence, immunocytochemical staining of cardiac 
biopsies not showing rejection shows the absence 
of MHC class I on the membranes of myocardial 
cells, but MHC class I is induced on the myocar-
dium during acute cellular rejection (Fig. 12.1).

MHC class II antigens have a more restricted 
tissue distribution; they are constitutively present 
on antigen-presenting cells of the immune system 
such as dendritic cells, monocytes, macrophages 
and B lymphocytes. HLA-DR antigens are also 
constitutively expressed on human endothelial 
cells within the heart (Rose et al. 1986) (Fig. 12.2), 
and HLA-DQ and HLA-DP are induced by inflam-
matory responses (Suitters et al. 1987). HLA-DR 
is also constitutively expressed on endothelial 
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cells in the lung (Taylor et al. 1989) and kidney 
(Fuggle et al. 1986). The constitutive expression of 
MHC class I and HLA-DR antigens on human 
endothelial cells of transplanted organs (i.e. hearts, 
lungs and kidneys) makes these organs a target if 
transplanted into patients with preformed donor-
specific HLA antibodies. Attachment of comple-
ment-fixing HLA antibodies to donor endothelial 
cells results in lysis of the endothelial layer and 
rapid thrombotic events.

The function of MHC molecules is to present 
antigen to cells of the immune system. Cells are 

continually degrading cellular proteins, either 
self-proteins or proteins derived from viruses. 
Peptides from degraded proteins are exported to 
the cell surface, and they reside within the groove 
of the MHC antigens. Class I antigens present 
peptides to CD8+T lymphocytes, whereas class 
II molecules present peptides to CD4+T lympho-
cytes. Hence, presentation of peptides from allo-
antigens, by class II-presenting cells which have 
originated within the donor organ (i.e. dendritic 
cells), initiates transplant rejection. Polymorphism 
of HLA antigens is caused by amino acid 

a b

Fig. 12.1 Frozen sections of human endomyocardial 
biopsy (6 um) stained with mouse monoclonal antibody 
to MHC class I antigen (W6/32) followed by biotin-
labelled secondary antibody to murine IgG, followed by 
incubation in avidin–biotin peroxidase complex. 
Immersion in a mixture of diaminobenzidine tetrahydro-
chloride and hydrogen–peroxide allows visualisation of 

peroxidase activity. It can be seen that MHC class I anti-
gen is present on interstitial structures (such as dendritic 
cells and endothelial cells) in biopsy not showing rejec-
tion (a), but myocardial membranes are negative for 
class I. In contrast in the biopsy showing cellular rejec-
tion, (b) myocardial cells are MHC class I positive 
(From Rose et al. (1986))

a b

Fig. 12.2 Frozen sections of human endomyocardial 
biopsy (6 um) stained with mouse monoclonal antibody to 
MHC class II antigen (L243, against DR) followed by 
biotin-labelled secondary antibody to murine IgG, fol-
lowed by incubation in avidin–biotin peroxidase complex. 
Immersion in a mixture of diaminobenzidine tetrahydro-
chloride and hydrogen–peroxide allows visualisation of 

peroxidase activity. It can be seen that DR antigen is con-
stitutively expressed on interstitial structures (such as den-
dritic cells and endothelial cells) in biopsy not showing 
rejection (a) and is expressed on infiltrating lymphocytes 
in biopsy showing cellular rejection (b). Myocardial cell 
membranes do not express DR antigen (From Rose et al. 
(1986))
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 differences in the helical part of the molecule 
forming the base of the groove.

The HLA system is extremely polymorphic. 
To date over 8000 class I and over 3000 class II 
alleles have been described encoding almost 
9000 proteins (Robinson et al. 2015). The nomen-
clature for HLA alleles is complex; each HLA 
allele is uniquely numbered with at least a four- 
digit name (e.g. HLA*02:01), although longer 
names can be assigned up to four sets of digits 
separated by colons (e.g. HLA-A*02:01:01:01). 
Many of the described alleles have ‘serological’ 
equivalents which are generally used for analysis 
of HLA matching/antibody identification in solid 
organ transplantation (HLA-A*02:01 is HLA- 
A2). At this level of resolution, analysis of HLA 
antigens is limited to approximately 20 HLA-A, 
46 HLA-B, 15 HLA-C, 15 HLA-DR and 7 
HLA-DQ antigens.

Prospective selection of recipients based on 
HLA matching with the donor does not occur in 
cardiac transplantation. It has been shown that 
matching or minimising the HLA mismatch 
between donor and recipient, especially at the 
HLA-DR locus, results in less frequent and less 
severe cellular rejection episodes in both renal 
and heart transplantation (Opelz et al. 1992; Dyer 
et al. 1989; Smith et al. 1995). However, it is not 
logistically possible to select patients by HLA 
mismatch in heart transplantation due to a num-
ber of factors which include numbers of donors, 
size of waiting lists and the relative short cold 
ischaemic time tolerated by hearts for transplan-
tation. Early AMR can be prevented by ensuring 
recipients do not have donor-specific HLA anti-
bodies at the time of transplantation and by care-
fully monitoring patients for AMR after 
transplantation.

12.2.3  Antibody Subclasses

The focus of HLA antibody testing in solid organ 
transplantation is on the detection of circulating 
immunoglobulin (Ig)G HLA-specific antibodies. 
Detection of IgM anti-HLA antibodies is gener-
ally thought not to be a risk factor for AMR 
although some evidence does suggest that IgM 

HLA-specific antibodies detected by solid-phase 
assays may have deleterious effects on graft out-
come (Stastny et al. 2009).

There are four IgG subclasses in humans, 
IgG1, IgG2, IgG3 and IgG4 (Table 12.1). The Fc 
receptor of the antibody molecule determines the 
different functions such as binding to phagocytic 
cells or fixing complement.

12.3  Methods of Detecting IgG 
HLA Antibodies

12.3.1  Complement-Dependent 
Cytotoxicity Test (CDC Test)

The complement-dependent cytotoxicity assay 
can be used to perform serological HLA typing; 
HLA antibody screening or donor/recipient 
crossmatching was first introduced in 1964 
(Terasaki and McClelland 1964). Serological 
HLA typing, which has been superseded by 
molecular methodologies, involves incubation 
of peripheral blood mononuclear cells (PBMC) 
of unknown HLA type with alloantisera con-
taining antibodies to known HLA antigens. 
During this stage antibodies which are specific 
for the HLA molecules on the cell surface bind 
to the target antigen. Following the addition of 
an exogenous source of complement, usually 
rabbit serum, the bound antibody activates the 
classical complement pathway leading to the 
formation of the membrane attack complex 
(C5b-9) which causes lysis of the cells 
(Fig. 12.3). Viability is assessed using a stain-
ing procedure. The pattern of reactivity of cell 
death allows identification of the HLA type of 
the cells.

HLA antibody screening is performed using a 
panel of PBMC of known HLA type (usually at 
least 50 different cells) which are incubated with 
patient sera. Any positivity is assessed and the 
pattern of reactivity aligned to specific HLA anti-
gens if possible. Careful consideration of the 
panel composition is required to cover the major-
ity of the HLA antigens in the population. The 
percentage panel reactive antibodies (PRA) is 
calculated as the frequency of the panel to which 
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reactivity has been detected and was considered a 
reflection of the frequency of reactivity against 
the donor population, although this may not be 
the case with selected cell panels.

CDC crossmatching which is still in use in 
solid organ transplantation involves the incuba-
tion of donor leukocytes with recipient serum, in 
the presence of exogenous complement. Any 
‘killing’ of donor cells above background levels 
by the recipient sera is classified as a positive 
crossmatch. It is generally accepted that a posi-
tive crossmatch is associated with hyperacute 
rejection of the allograft. This was first described 
in renal transplantation by Patel and Terasaki 
where 80 % of grafts with a positive crossmatch 
failed within 2 days compared to just 2 % of 

grafts with a negative crossmatch (Patel and 
Terasaki 1969).

Various modifications have been made to the 
assay to enhance sensitivity including increased 
incubation periods, using purified T and B lym-
phocytes, and addition of antihuman globulin 
(AHG method) (Fuller et al. 1982). Additionally, 
with the addition of dithiothreitol into the assay, 
it is possible to distinguish between IgM and IgG 
antibodies. This is a relatively crude determina-
tion, but dithiothreitol breaks down disulphide 
bonds, and as IgM has significantly more than 
IgG, IgM antibodies are degraded preferentially 
over IgG (Chapman et al. 1986).

Whilst this method is simple and relatively 
inexpensive, there are a number of disadvantages 

Table 12.1 Properties of human IgG isotypes

Name Percent (%)
Crosses placenta 
easily Complement activator

Binds to Fc receptor on 
phagocytic cells

IgG1 66 Yes Yes (++) High affinity

IgG2 23 No Yes (+) Extremely low affinity

IgG3 7 Yes Yes (+++) High affinity

IgG4 4 Yes No Intermediate affinity

+ rabbit

Complement

+ rabbit

Complement

+ rabbit

Complement

Fig. 12.3 CDC methodology. Patient serum containing 
HLA antibodies is incubated with the target cell during 
which time antibodies specific for the target cell HLA 

antigens will bind. Rabbit complement is then added, and 
where specific binding has occurred, lysis will occur 
which can be visualised with a staining procedure
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and limitations for routine antibody screening 
and crossmatching as follows:

 (a) The method only detects complement-fixing 
antibodies and is insensitive. It will only 
detect complement-fixing antibodies of high 
affinity (i.e. sufficient strength to cause cell 
lysis).

 (b) Whereas MHC class I antigens are abun-
dantly expressed on circulating leukocytes 
(such as neutrophils), MHC class II antigens 
are only expressed on monocytes and B cells. 
Hence this method is much more efficient at 
detecting C’-fixing antibodies to MHC class 
I antigens than to MHC class II, which may 
be poorly expressed.

 (c) Antibody screening by CDC can be time- 
consuming and may result in delays to 
reporting.

 (d) Viable leukocytes express many determi-
nants other than HLA molecules, and false- 
positive results owing to the presence of IgM 
non-HLA autoreactive antibodies can be 
misleading.

 (e) The method relies on the quality of the iso-
lated cells which express many more proteins 
than HLA, and some positive reactions may 
not be due to HLA-specific antibodies.

 (f) Therapeutic antibodies such as rituximab 
(anti-CD20) and anti-thymocyte globulin can 
cause positive reactivity in CDC tests mask-
ing any HLA-specific antibodies present.

12.3.2  Flow Cytometry

Flow cytometry assays are more sensitive than 
conventional CDC and do not rely on comple-
ment fixation but rather measure binding of anti-
body to targets and are used for both HLA 
antibody screening and donor crossmatching. 
For antibody screening, pools of cells selected to 
cover the majority of HLA specificities are used, 
whilst for donor crossmatching, donor lympho-
cyte preparations are used. The assay involves 
incubating patient serum with the target cell 
preparation, followed by a series of washes and 
then incubation with fluorescent-conjugated 

antibody directed against human IgG. The fluo-
rescent channel shift against negative controls is 
often used as a measure of a positive reaction.

12.3.3  Solid-Phase Assays

These assays have greatly increased the ability of 
the immunologist to detect and define the nature 
of HLA antibodies in patient serum. The assays 
arose as a consequence of technical innovations 
which enabled purification of HLA molecules 
and/or production of recombinant HLA mole-
cules, which can be bound to solid surfaces. 
Hence, HLA molecules can be bound to plastic 
plates or beads, these are incubated with patient 
sera, and the binding of patient IgG to the mole-
cules is detected (Kao et al. 1993; Pei et al. 1998; 
Gibney et al. 2006).

The basic principle for solid-phase assays is 
similar for all techniques. Purified or recombi-
nant HLA molecules are bound to the solid sur-
face (enzyme-linked immunosorbent assay 
(ELISA) plate or microbeads); patient serum and 
control sera are added, followed by antihuman 
IgG monoclonal antibody conjugated for either 
fluorometric or colorimetric detection. Quantifi-
cation of binding of antibodies to ELISA plates 
or beads is measured as mean fluorescent inten-
sity (MFI).

The different methods are described below.

12.3.3.1  Enzyme-Linked 
Immunosorbent  
Assay (ELISA)

ELISA methods employ a colorimetric detection 
stage. Purified or recombinant HLA molecules 
are coated in wells of an ELISA plate. ELISA 
methods are considered to be less sensitive than 
assays utilising microbeads.

12.3.3.2  FlowPRA Assay
This uses pooled panels of different microparti-
cles coated with different purified HLA class I 
and HLA class II antigens to detect HLA-specific 
antibodies using a fluorescein isothiocyanate 
(FITC)-conjugated antihuman IgG monoclonal 
antibody in a standard flow cytometer. These 
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assays can utilise up to 30 different bead popula-
tions in each assay. Single-antigen assays are also 
available for definition of the antibody 
specificities.

12.3.3.3  Luminex X-Map-Based 
Assays

Luminex X-map assays use microbeads which are 
coated with purified class I or class II HLA anti-
gens or recombinant single HLA antigens. In this 
way an initial screening test can be performed to 
detect antibodies to MHC class I or class II anti-
gens; should this be positive, further tests are per-
formed using the single-antigen beads to 
determine specificity of the antibodies. Detection 
of human immunoglobulin binding to beads is 
done using a phycoerythrin-conjugated monoclo-
nal antibody to human IgG. Binding of antibodies 
to the microbeads is measured as mean fluores-
cent intensity (MFI) (Fig. 12.4). Luminex assays 
utilise the Luminex® 100/200 fluoroanalyser for 
analysis of up to 100 different bead sets in a single 
test (Fig. 12.5). Luminex assays are now in wide-
spread use in H&I laboratories and are considered 
the most sensitive assays available.

12.3.3.4  Modification of Solid-Phase 
Bead Assays to Detect 
C’-Fixing Antibodies

Both FlowPRA and Luminex-based bead assays 
have been modified to detect complement-fixing 

antibodies in patient sera. This was first demon-
strated by Wahrmann et al. (Wahrmann et al. 
2005) using FlowPRA microbeads, in which the 
antihuman IgG secondary antibody was replaced 
with antihuman C4d or antihuman C1q antibod-
ies. Modifications to the Luminex-based assays 
to measure C4d deposition on the microbeads 
(Smith et al. 2007) or C1q binding (Chen et al. 
2011) have also been described. Donor HLA- 
specific antibodies (DSA) causing C4d fixation 
on HLA-coated microbeads in patient sera prior 
to heart transplantation have been shown to have 
a strong correlation with poor survival post- 
transplantation (Smith et al. 2011). Similarly, 
C1q-fixing antibodies have been shown to corre-
late with antibody-mediated rejection in cardiac 
transplant recipients (Chin et al. 2011).

The advantages and disadvantages of bead 
assays are as follows:

 (a) Solid-phase assays utilise purified HLA mol-
ecules and do not have a requirement for 
viable cells or complement and therefore 
should detect only antibodies specific for 
HLA molecules.

 (b) They can detect both complement-fixing and 
non-complement-fixing antibodies.

 (c) They are commercially available and can be 
automated.

 (d) Have increased sensitivity over CDC and 
flow cytometric assays.

Recipient serum

HLA coated bead HLA specific antibody binding Flow cytometry

Fluorescent conjugated

Fig. 12.4 Patient sera are incubated with pools of micro-
beads, each coated with a single HLA molecule in a single 
well of a 96-well plate during which time any HLA 
antigen- specific antibodies will bind to the relevant antigen 

on the beads. After washing, the binding of any IgG to the 
molecules is detected by the addition of a fluoresceinated 
antihuman IgG secondary antibody. The fluorescence sig-
nal of each bead is analysed in a Luminex fluoroanalyser
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 (e) Tests are rapid with a complete antibody 
identification available in 3 h.

 (f) Extremely expensive.

12.4  Role of Preformed HLA- 
Specific Antibodies 
in Cardiac Transplantation

It is well established that preformed HLA- 
specific antibodies directed against donor HLA 
antigens correlate with poor outcomes in heart 
transplantation (Smith et al. 1993; Przybylowski 
et al. 1999; Tambur et al. 2000). The introduction 
of solid-phase assays with increased sensitivity 
allowed the detection of low-level HLA antibod-
ies that were previously undetectable. The situa-
tion currently facing clinicians and laboratory 
scientists is to determine if transplantation can be 
successfully performed against low-level 
DSA. In cardiac transplantation, Luminex- 
detected DSA, particularly, those which fix com-
plement have been shown to have a significant 
impact on patient survival (Smith et al. 2007) 
(Fig. 12.6). Similarly, in lung transplantation it 
has been shown that preformed DSA lead to early 
graft failure in the majority of cases, particularly 
if the antibodies fix complement in the assay 
(Smith et al. 2014).

It is unclear whether all Luminex-detected 
DSA are associated with poor survival after 
transplantation. In renal transplantation, evi-
dence would suggest that low-level DSA 
detected by Luminex-based assays do not corre-
late with early rejection (Aubert et al. 2009) or 
long-term graft outcomes (van den Berg-Loonen 
et al. 2008).

It has also been reported in heart transplan-
tation that patients with low-level DSA (MFI 
<1500) were not associated with cellular or 
antibody- mediated rejection post-transplant 
(Gandhi et al. 2011). MFI levels produced by 
Luminex assays do not accurately measure the 
amount of antibody binding or titre; it is used 
by all centres and is an easy measure to use to 
attempt to stratify risk both before and after 
transplantation. Despite efforts to standardise 
the solid-phase assays, there is a degree of 
variability between centres (Reed et al. 2013), 
and therefore each transplant centre should 
determine the level of risk they are willing to 
accept. The identification of unacceptable 
donor HLA antigens prior to transplant should 
be patient specific. HLA antibodies should be 
identified, after which the risk for a particular 
patient should be assessed by a multidisci-
plinary approach. It is necessary to stratify risk 
using not just MFI but other factors including 

Fig. 12.5 Histogram of Luminex MFI data from patient 
sample showing antibody binding to microbeads bearing 
HLA antigens A2, A24, A68, A69, B57 and B58 but no 

binding to all other HLA antigens. The y-axis shows MFI 
levels, whilst the x-axis shows the HLA antigens bound to 
the different microbeads in the assay
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biologic properties such as complement fixa-
tion, titre and nature of the target antigen 
(denatured/cryptic epitopes). Decisions as to 
whether accept transplanting against DSA are 
also influenced by clinical considerations 
including patient characteristics such as time 
of waiting list and chance of obtaining another 
donor.

Studies have reported a wide range of MFI 
levels ranging from 300 to 2000 for identification 
of antibodies pre- and post-transplantation 
(Brugiere et al. 2013; Morrell et al. 2014; Zeevi 
et al. 2013; Willicombe et al. 2014; Witt et al. 
2013). In conclusion, for some sensitised patients, 
their DSA levels are considered unacceptable, 
and the relevant antigens must be avoided in the 
donor HLA type, but for others the level of DSA 
may be considered an acceptable risk. Some cen-
tres are known to transplant against DSA with 
MFI levels up to 8000 if the antibodies do not fix 
complement, whilst others may not go against 

MFI levels above 1000, depending on the risk 
assessment of clinical teams in conjunction with 
immunologists.

12.5  Virtual Crossmatch 
Procedures

In the era of single-antigen Luminex testing, 
the ‘virtual crossmatch’ is the name of the pro-
cedure which begins when a heart donor 
becomes available. The HLA type of the donor 
is checked with the HLA antibody profile of 
potential recipients (i.e. deemed suitable by 
other criteria such as blood group and size). If 
a potential recipient has HLA antibodies 
against the donor, either the transplant will not 
go ahead or, if the antibodies are at a low level, 
a clinical decision must be made whether the 
risk of rejection is manageable. The test is vir-
tual, because the actual tests have been done 
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Fig. 12.6 Effect of C4d-depositing DSA on graft sur-
vival. Actuarial graft survival according to antibody 
status of pre-transplant sera; sera contained C4d +ve 
DSA (n = 11), C4d +ve non-DSA (n = 11), C4d –ve 

DSA (n = 13), C4d –ve non-DSA (n = 32) and no detect-
able HLA antibodies (n = 498), p = 0.0002 (From Smith 
et al. (2007))
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before a donor becomes available and only 
records have to be checked at the time of 
transplant.

12.6  Post-Transplant Monitoring 
of HLA Antibodies

In the modern era, patients are transplanted either 
in the absence of detectable DSA or in the pres-
ence of low levels of detectable DSA (as 
described above). Despite these policies, a num-
ber of patients produce DSA after transplanta-
tion. For example, the study by Smith et al. in 
2011 demonstrated that 57 of 224 (25 %) of 
patients made DSA after transplantation (Smith 
et al. 2011).

Numerous studies have shown de novo DSA to 
be associated with worsening outcomes. There is 
increasing evidence that de novo DSA after heart 
transplantation is associated with increased inci-
dence of AMR, graft vasculopathy and poor sur-
vival. Hodges et al. (Hodges et al. 2012) reported on 
a series of patients diagnosed with late AMR follow-
ing development of DSA. Similarly, others have 
reported increased prevalence of DSA in patients 
with AMR (Chin et al. 2011; Nath et al. 2010a; 
Zhang et al. 2005; Ho et al. 2011; Zhang et al. 2011). 
In a series of 168 heart transplant recipients, Zhang 
et al. described 37 patients with AMR, of which 22 
(60 %) had DSA compared to six (5 %) of the 131 
patients with no evidence of AMR. Furthermore, 
recent evidence suggests that high titre, complement- 
fixing DSA are strongly correlated with an increased 
incidence of AMR in cardiac transplant recipients 
(Zeevi et al. 2013). Should the pathologist suspect 
AMR, it is very useful to take blood samples to 
investigate the presence of DSA, to confirm the 
diagnosis. This centre performs regular monitoring 
for DSA in the first year after transplantation as rec-
ommended by International Society for Heart and 
Lung Transplantation (ISHLT) guidelines 
(Kobashigawa et al. 2011; Frank et al. 2014).

De novo DSA have also been implicated in the 
development of cardiac allograft vasculopathy 
(Frank et al. 2014) and decreased patient survival 
(Smith et al. 2011) (Table 12.2). The Smith study 
did not show a significant correlation between DSA 

and development of Coronary artery vasculopathy 
(CAV), but it did show that patients who had CAV 
and DSA had shorter survival than CAV alone. In a 
large single-centre study, Smith et al. have shown 
that the development of DSA after heart transplan-
tation is an independent predictor of poor patient 
survival following cardiac transplantation.

A number of therapeutic models have been 
used to remove or reduce HLA antibody levels 
both pre- and post-transplant, including plasma 
exchange, intravenous immunoglobulin (IVIg), 
immunoadsorption and monoclonal therapies 
such as rituximab and bortezomib (Hodges et al. 
2012; Bierl et al. 2006; Everly et al. 2009; 
Morrow et al. 2012; Stegall et al. 2006). It is 
important that when undertaking such therapies, 
the HLA antibodies are monitored to determine if 
antibody levels are reducing. This can be easily 
performed using single-antigen bead analysis and 
has been used to monitor antibody removal in 
patients treated with immunoadsorption follow-
ing a diagnosis of AMR (Hodges et al. 2012).

12.7  Non-HLA Antibodies

Many clinical studies have demonstrated that 
patients make autoantibodies following solid 
organ transplantation (Rose 2013; Besarani et al. 
2014; Nath et al. 2010b; Haque et al. 2002). 
Following cardiac transplantation, autoantibodies 
to vimentin and myosin are produced – com-
monly IgM antibodies. De novo production of 
autoantibodies represents exposure of cryptic 
antigens following tissue damage caused by either 
reperfusion injury or the alloimmune response. 
Anti-myosin antibodies are found in some patients 
with dilated cardiomyopathy and myocarditis so 
will be present in some patients prior to transplan-
tation. Our own studies of heart transplant patients 
have revealed that only 10 % have IgM anti-
vimentin antibodies before transplantation (Smith 
and Rose (2014) unpublished results).

The question arises whether autoimmune 
antibodies are directly damaging to the new 
heart or a sign of previous damage. Experimental 
studies have demonstrated that high titre IgG 
anti- vimentin antibodies cause accelerated acute 
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rejection (Mahesh et al. 2007) but only in the 
presence of an existing alloimmune response. 
Nath et al. reported that production of anti- 
vimentin antibodies is associated with AMR in 
the first year after transplantation (Nath et al. 
2010b) and that these antibodies preceded AMR 
by several months. Our own studies of AMR in 
heart transplant recipients investigated 17 
patients with late AMR (Smith and Rose (2014) 
unpublished); in 15 cases donor-specific HLA 
antibodies were found at the time of diagnosis 
of AMR, and in two patients IgG anti-vimentin 
antibodies were detected at the same time. It is 
interesting that in another two patients, IgG 
anti-vimentin antibodies were detected at the 
time of diagnosis of AMR, but in the absence of 
donor-specific HLA antibodies. Other autoanti-
bodies were not investigated. The possibility 
that autoantibodies contribute to pathogenesis 
of AMR following heart transplantation cannot 
be excluded.

One of the drawbacks of monitoring the pres-
ence of autoantibodies (such as vimentin or myo-
sin autoantibodies) in patients is the lack of 
standardised reagents and assays. Currently 
assays use either whole human recombinant 
vimentin or whole human or pig myosin as anti-
gens. Evidence from the autoimmune literature 
suggests that assays for antibodies to specific epi-
topes of autoantigens or to autoantigens modified 
by oxidation/glycosylation are needed to obtain 
clinical correlations (Bang et al. 2007). Such 
studies have not yet been performed after solid 
organ transplantation. Hence, further studies 
need to be done to improve the quality of reagents 
and sensitivity of assays before one could recom-
mend routine monitoring autoantibody responses 
after cardiac transplantation.

 Conclusion

Scientists in the H&I Laboratories have an 
essential role in monitoring the presence of 
antibodies to HLA antigens, both in patients 
prior to their transplant and in patients after 
transplantation. The use of leukocytes to detect 
complement- dependent cytotoxicity has been 
superseded by solid-phase assays using puri-
fied or recombinant HLA molecules. The 
Luminex method which uses microbeads 
coated with purified HLA molecules or recom-
binant single HLA molecules is probably the 
most common methodology. The method can 
be modified to detect complement- fixing anti-
bodies to single HLA antigens. This method is 
very sensitive compared to CDC and detects 
more sensitised patients. Used prior to trans-
plantation, it is known as the ‘virtual cross-
match’, and it means hearts are not transplanted 
into patients with ‘clinically relevant’ levels of 
pre-existing antibodies to donor HLA anti-
gens. The major question now to be addressed 
by scientists and clinicians is what level of pre-
existing HLA antibodies are clinically relevant 
and what levels are safe. Antibody-mediated 
rejection (AMR) sometimes occurring late 
after transplantation is strongly associated 
with production of donor-specific HLA anti-
bodies; conceivably such antibodies may have 
been present before the transplant, but de novo 
production of DSA has also been reported. It is 
recommended that patients are monitored reg-
ularly post-transplant for DSA to aid diagnosis 
of AMR. Methods of treating AMR are 
improving, and monitoring the presence of 
DSA should allow early detection and removal 
of DSA, hence mitigating damage to the  
donor heart.

Table 12.2 Impact of persistent de novo DSA on patient survival in a multivariable Cox proportional hazards model

Estimated hazard ratio
95 % confidence interval 
for hazard ratio P value

De novo and persistent DSA 4.331 1.922–9.7600 <0.0004

HLA-DR mismatch 2.334 1.0782–5.0539 0.0315

Donor age 1.034 1.0048–1.0762 0.0256

Haemodynamic compromise 2.363 1.0003–5.5804 0.0499

Treated rejection in the first year 0.417 0.1825–0.9535 0.0382

From Smith et al. (2011)
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13.1  Background

In the language of the heart transplant commu-
nity, “acute cellular rejection” (ACR) indicates 
cell-mediated form of cardiac rejection (i.e. 
cellular rejection). Histological assessment of 
an endomyocardial biopsy (EMB) sample has 
for the last four decades been the only reliable 
way to determine whether a patient has rejec-
tion (Miller et al. 2013). Each transplant unit 
has developed a protocol of when to take biop-
sies to look for rejection, biopsies being more 
frequent early post-transplant and gradually 
decreasing in frequency with time and eventu-
ally stopping, generally at some point 1–3 years 
post-transplant. These protocol biopsies are 
designed to pick up rejection at earlier stages 
prior to significant clinical dysfunction (Miller 
et al. 2013). Indication biopsies are performed 
if there is a clinical change between these time 
points and further surveillance biopsies are per-
formed regularly during periods when immuno-
suppressive treatment is being modified.
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Prior to 1990, many “homegrown” grading 
schemes for cardiac rejection were developed and 
used, many being modifications of the Billingham 
grading system (Billingham 1979). As each was 
different, it was not possible to  accurately com-
pare results between centres or assess the impact 
of immunosuppressive agents. In 1990, under the 
direction of the International Society for Heart 
and Lung Transplantation (ISHLT), a standardised 
grading system was agreed by pathologists from 
large transplant centres (Billingham et al. 1990). 
This system was satisfactorily used worldwide for 
many years until 2004, when a multidisciplinary 
working group for ISHLT updated it to create the 
revised working formulation for the standardisa-
tion of nomenclature in the diagnosis of heart 
rejection (Stewart et al. 2005).

13.2  Histologic Features 
of Cellular Rejection

ACR is an immune-mediated inflammation of the 
myocardium where the immune response primarily 
targets cardiac myocytes and vascular cells. Host 
response aims to destroy the allografted hearts, 
which are recognised as foreign. ACR occurs 
within weeks or months after transplantation and 
may also recur after many years for a number of 
reasons which can reduce the immunologic toler-
ance which has gradually been established.

The key histologic findings of ACR are myocar-
dial inflammation and myocyte injury (Fig. 13.1).

13.2.1  Myocardial Inflammation

The inflammatory infiltrates are typically composed 
of mononuclear cells, mainly activated lympho-
cytes and macrophages (Michaels et al. 2001), and 
are predominantly distributed within the intersti-
tium, in perivascular spaces or amongst and around 
the myocytes. Lymphocytes are the predominant 
cells and are characteristically T cells. The extent 
and distribution of myocardial inflammation are 
related to the severity of rejection (see Sect. 13.3).

Eosinophils and/or neutrophils are seen in 
moderate/severe grades, where they are closely 

related to myocyte damage. A significant pres-
ence of neutrophils is strongly suggestive of some 
other pathologic process such as ischaemic injury, 
both recent and healing, and mixed cellular and 
antibody-mediated severe rejection or infections.

Plasma cells are not typical ACR cells and, 
when more than occasional, would be related to the 
healing process, especially when associated with 
fibrosis, some infections (i.e. parvovirus infection), 
chronic AMR or lymphoproliferative disorders.

Vascular involvement is not prominent in 
ACR: the nearby vessels are not usually signifi-
cantly involved by inflammation and do not show 
the microvascular inflammation typically seen in 
antibody-mediated rejection. In a limited number 
of cases, vasculitis of small arteries and venules 
may coexist with interstitial inflammation.

To the best of our present knowledge, the 
prevalent interstitial extravascular distribution of 
inflammatory infiltrates and lack of significant 
endothelialitis/microvascular inflammation ver-
sus intravascular localisation are of major signifi-
cance in distinguishing cell-mediated from 
antibody-mediated rejection (see Chap. 14).

It should be emphasised that ACR diagnosis is 
based purely on histologic findings and immuno-
histochemical characterisation of inflammatory 
infiltrates is not required.

CD3, CD68, CD20 or other markers might be 
used in differential diagnosis with other patho-
logic processes, although they are rarely the only 
elements of diagnosis, except for lymphoprolif-
erative disorders.

13.2.2  Myocyte Injury

Identification of myocyte injury is the key to dis-
criminating low and high grades of rejection. 
Myocyte damage, previously termed “myocyte 
necrosis”, is always associated with mononuclear 
inflammation and may be difficult to define, as its 
aspect varies resulting in heterogeneous findings 
and a combination of subtle features:

• Distortion of the normal architecture of the 
myocardium on low power with apparent loss 
of myocytes at higher magnification (a “space- 

D.A.H. Neil and A.J. Rice

http://dx.doi.org/10.1007/978-3-319-46386-5_14


201

occupying lesion” due to inflammatory infil-
trate) (Fig. 13.2a).

• Inflammatory encroachment into myocytes: 
the mononuclear cell infiltrate surrounds and 
separates myocytes, with encroachment of the 
cell membranes giving an irregular appear-

ance to the edge of some myocytes. Free-lying 
myocyte nuclei admixed with mononuclear 
cells may also be seen (Fig. 13.2b, c).

• Other findings such as fragmentation, peri-
nuclear halo and myocytolysis with clearing/
vacuolisation of the cytoplasm (Fig. 13.2d–f).

a b

Fig. 13.1 (a) Normal myocardium. (b) Acute cellular rejection with inflammation and myocyte damage. Haematoxylin- 
eosin, 200× (Courtesy of Dr. O. Leone, Bologna, Italy)

a b c

d e f

Fig. 13.2 (a) Low-power image of moderate rejection 
where myocyte injury is suggested by distortion of the 
architecture of the myocardium with apparent loss of 
myocytes (haematoxylin-eosin, 25×). (b, c) High power: 
encroachment of inflammatory cells on the cell membrane 
of myocytes with irregular cytoplasmic borders and free- 
lying myocyte nuclei admixed with mononuclear cells 
(arrow) (haematoxylin-eosin, 200×). (d) In a focus of 

moderate/severe ACR, myocytes are distorted and frag-
mented due to aggression of inflammatory cells 
(haematoxylin- eosin, 200×. (e) In this image a perinuclear 
halo indicates myocyte injury (arrow) (haematoxylin- 
eosin, 100×). (f) Extensive myocytolysis (cytoplasmic 
clearing) is seen in this image of ACR (haematoxylin- 
eosin, 200×)

13 Pathology of Acute Cellular Rejection
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Nuclear enlargement and occasionally promi-
nent nucleoli may also be seen.

Sarcoplasmic coagulation (hypereosinophilia), 
nuclear pyknosis and loss of nuclei are features of 
coagulative necrosis and not of ACR: these findings 
may occur in relation to previous biopsy sites, peri-
transplant injury and later ischaemic injury in the 
form of micro-infarcts or zonal infarcts. Coagulative 
necrosis stains with complement 9 (C9) and to 
lesser extents with C3d and C4d antisera (Neil 
2013), whilst myocyte injury related to acute cellu-
lar rejection and contraction band necrosis does not 
stain with complement in the early stages.

13.2.3  Other Findings

Although minor and less specific, other histo-
logic findings may accompany the basic histo-
logic picture of ACR.

Myocardial interstitial oedema, both perivas-
cular and perimyocytic, may be focally present or 
in high-grade rejection more extensive, although 
it is more commonly seen in antibody-mediated 
rejection. Oedema is seen as separation of myo-
cytes on low power, and at higher power, wisps of 
eosinophilic material are identified between the 
myocytes (Fig. 13.3a). This latter feature helps to 
differentiate artefactual separation of myocytes 
related to the biopsy procedure (Fig. 13.3b).

Significant interstitial haemorrhage is seen 
only in severe grades of ACR; more subtle findings 
with individual red blood cells, which often degen-
erate, scattered throughout the interstitium 
(Fig. 13.3c), may be seen in association to oedema.

Histologically ACR may be confused with many 
other non-rejection lesions (see Chap. 15) or may 
overlap with some findings of AMR, especially in 
severe forms (see Chap. 14), or really coexist with 
these findings in mixed rejection (see Chap. 16).

13.3  Grading Systems

ACR appears in general as mild, moderate and 
severe. Grading systems aim to identify histo-
logic patterns of progressively increasing 

 severity in order to allow assessment of the 
clinical significance of different patterns and 
subsequent therapy.

13.3.1  1990 ISHLT Grading System

In 1989 the ISHLT urged pathologists to agree on 
a standardised grading system for ACR that 
should be easy to interpret and highly reproduc-
ible, which should replace the many grading sys-
tems currently used in transplant centres 
worldwide.

The result was the 1990 ISHLT standardised 
grading system (Billingham et al. 1990) in 
which a 7-point grading system was defined 
(Table 13.1) based on around three main cate-
gories of rejection, mild, moderate and severe, 
with grade 1-mild subdivided into focal  
(A) and diffuse (B) and grade 3-moderate sub-
divided into multifocal (A) and diffuse  
(B) based on the pattern of inflammatory cell 
infiltration.

Grade 0 (No Acute Rejection)
This grade implies no features of acute rejection 
or myocyte damage. Biopsy specimens with 
equivocal findings should be graded as zero. 
Non-rejection findings such as Quilty lesions and 
peritransplant ischaemic changes may be seen.

Grade 1A (Focal, Mild Acute Rejection)
Focal, perivascular or interstitial infiltrates of 
large lymphocytes in the absence of myocyte 
damage and with one or more pieces involved.

Grade 1B (Diffuse, Mild Acute Rejection)
More diffuse infiltrates of large lymphocytes and 
absence of myocyte damage, again with one or 
more pieces of biopsy tissue involved.

Grade 2 (Focal, Moderate Acute Rejection)
One focus only of aggressive infiltrate of lym-
phocytes (with or without eosinophils) sharply 
circumscribed, associated with focal myocyte 
damage. Architectural distortion with myocyte 
damage within the single focus should be 
present.
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Grade 3A (Multifocal Moderate Rejection)
Multifocal inflammatory infiltrates of large aggres-
sive lymphocytes with or without eosinophils, 
associated with myocyte damage. The foci may be 
present in one piece or scattered across several 
pieces.

Grade 3B (Diffuse, Borderline Severe Acute 
Rejection)
Diffuse inflammatory process within several 
pieces, with myocyte damage. The aggressive 
inflammatory process is characterised by large 
lymphocytes and eosinophils with occasional 
neutrophils.

Grade 4 (Severe Acute Rejection)
Diffuse polymorphous inflammatory infiltrate 
that includes aggressive lymphocytes, eosino-
phils and neutrophils with myocyte necrosis 
and damage, with or without oedema, haemor-
rhage and vasculitis. The infiltrate is more dif-
fuse and intense than in 3B and myocyte 
damage is conspicuous. Neutrophils and  

haemorrhage are often seen but are not required 
for classification as grade 4.

The virtue of this unified grading system was 
the creation of a common language amongst 
pathologists, which allowed centres throughout 
the world to compare results.

In time however various problems emerged:

• Very poor reproducibility of grades between 
centres (Stewart et al. 2005; Tan et al. 2007).

• Grades 1A, 1B and 2 were found to behave in 
a similar manner, with no clinical signs or 
symptoms (Stewart and Cary 1996) and only a 
10–15 % risk of progressing to high-grade 
rejection (Stewart et al. 2005).

• Many grade 2 “rejections” were in fact found 
to be tangentially cut Quilty lesions.

• Grades 3B and 4 were generally aggressively 
treated, so sub-differentiation was unnecessary.

A number of papers discussed the issues con-
cerning the system, and as a result, a working 

a b c

Fig. 13.3 (a) Oedema is seen as separation of the myo-
cytes, which is relatively uniform throughout the biopsy 
and in the setting of rejection may be associated with an 
inflammatory cell infiltrate. At high power the extracellu-
lar matrix is apparent and has a frothy/bubbly look and the 
red cells are dispersed, often as one or a few cells through-
out this oedematous interstitium, together with inflamma-
tory cells. (b) Myocyte separation occurs with damage to 
the tissues during the biopsy procedure, and the myocytes 
are pulled away from each other with clear holes, with no 

bubbly/oedematous extracellular matrix between the myo-
cytes. (c) As the biopsies tend to be in similar places, the 
haemorrhage can be the result of a previous biopsy during 
the same procedure due to tissue injury with damage to 
blood vessels by the bioptomes when they are torn from 
the adjacent tissues. The red cells tend to be quite obvious 
and clumped together, usually readily apparent at low 
power. There is nearby artefactual separation of myocytes 
(top right) and also some interstitial oedema (lower left), 
which can be seen at the edges of previous biopsy sites

13 Pathology of Acute Cellular Rejection
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party for ISHLT simplified the grading system to 
a four-grade system by merging several grades 
(Stewart et al. 2005).

However it should be emphasised that many 
centres still continue to use both the “old” 1990 
and “new” 2005 grade of rejection (Maleszewski 
et al. 2011), so today it is still essential to know it 
in detail.

13.3.2  2005 ISHLT Grading System

In this grading system, the basic no, mild, moder-
ate and severe rejection hierarchy is maintained, 
but there are four levels of rejection (0R, 1R, 2R, 
3R) with an R following the number grade to 
indicate it is the new revised grading and to avoid 
confusion with the previous 1990 grading.

Grade 0R remains the same, whilst grade 1R 
“mild” amalgamates 1990 grades 1A, 1B and 2; 

grade 2R “moderate” replaces the old grade 3A; 
grade 3R “severe” rejection amalgamates previ-
ous grades 3B and 4 (Table 13.2).

The main differences between the 1990 and 
2005 grading schemes are:

• The distinction between a focal and diffuse 
infiltrate is now not taken into account.

• Myocyte damage is still a discriminating 
parameter but one focus of myocyte injury 
does not condition a shift to moderate rejec-
tion and subsequent treatment.

Grade 0R (No Acute Cellular Rejection)
This grade implies no evidence of rejection. 
There is no mononuclear inflammation (lympho-
cytes/macrophages) or myocyte damage within 
the myocardium. Non-rejection infiltrates may be 
present such as Quilty lesions, previous biopsy 
sites or peritransplant injury.

Grade 1R (Mild, Low-Grade, Acute Cellular 
Rejection)
This grade corresponds to mild or low-grade 
rejection and includes two main pictures:

 1. Perivascular and/or interstitial mononuclear 
(lymphocytes/macrophages) infiltrates which 
“respect” myocytes

 2. One focus of mononuclear cells with associ-
ated myocyte damage

The degree and the pattern may vary, so it 
may be difficult to identify at low power and 
may only be present in some levels. Inflammatory 

Table 13.1 1990 ISHLT grading scheme for acute cel-
lular rejection

Grade 0 No rejection

Grade 1, mild

A: focal Focal, perivascular or interstitial 
infiltrates of large lymphocytes 
without myocyte damage and with 
one or more pieces involved

B: diffuse Diffuse infiltrates of large 
lymphocytes without myocyte 
damage with one or more pieces of 
biopsy tissue involved

Grade 2 
moderate 
(focal)

One focus only of aggressive infiltrate 
of lymphocytes sharply 
circumscribed, associated with focal 
myocyte damage

Grade 3, moderate/borderline severe

A: multifocal Multifocal inflammatory infiltrates of 
large aggressive lymphocytes with or 
without eosinophils, associated with 
myocyte damage. The foci may be 
present in one piece or scattered 
across several pieces

B: diffuse Diffuse inflammatory process (large 
lymphocytes and eosinophils with 
occasional neutrophils) within several 
pieces, with myocyte damage

Grade 4, 
severe

Diffuse polymorphous infiltrate with 
extensive myocyte damage ± oedema, 
± haemorrhage + vasculitis

Table 13.2 2005 ISHLT grading scheme for acute cel-
lular rejection

Grade 0R No rejection

Grade 1R, 
mild

Interstitial and/or perivascular 
infiltrate with up to 1 focus of 
myocyte damage

Grade 2R, 
moderate

Two or more foci of infiltrate with 
associated myocyte damage

Grade 3R, 
severe

Diffuse infiltrate with multifocal 
myocyte damage ± oedema, ± 
haemorrhage ± vasculitis
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cells do not usually encroach on myocytes and 
do not distort the normal architecture although a 
maximum of one focus of myocyte damage 
related to the infiltrate may be present. When 
there is a single focus, care must be taken to 
exclude a mimic of rejection such as a tangen-
tially cut Quilty lesion (see Chap. 16). 
Macrophages can be part of the infiltrate, but 
neutrophils are not a feature, and interstitial 
oedema or haemorrhage is also not seen.

Grade 2R (Moderate, Intermediate-Grade, 
Acute Cellular Rejection)
Grade 2R rejection identifies moderate/interme-
diate grade of rejection and is defined as two or 
more foci of mononuclear cells (lymphocytes/
macrophages) with associated myocyte damage. 
The infiltrate is usually multifocal and moderate 
in extent and easy to identify on low power. Foci 
of rejection may involve one or more fragments 
with intermixed uninvolved areas of myocar-
dium. Foci of mild rejection may coexist. Similar 
to grade 1R rejection, lymphocytes are the pre-
dominant cell type with some macrophages; a 
few eosinophils/neutrophils may be seen. 
Oedema and interstitial haemorrhage are not a 
usual feature.

Grade 3R (Severe, High-Grade, Acute 
Cellular Rejection)
Grade 3R is a severe rejection characterised by a 
diffuse, often mixed, inflammatory infiltrate eas-
ily seen at low power, with extensive myocyte 
injury. Multiple fragments are usually involved, 
although with different degrees of intensity. The 
infiltrate can include neutrophils and eosinophils 
as well as lymphocytes and macrophages and is 
associated with interstitial oedema, and there is 
often interstitial haemorrhage, which must be dif-
ferentiated from artefactual haemorrhage related 
to trauma from the biopsy procedure. Vasculitis 
may be present. Grade 3R rejection is very 
uncommon with current immunosuppressive pro-
tocols, and noncompliance with medication is the 
most common cause.

Table 13.3 compares ISHLT 1990 and 2005 
grading schemes.

Figures 13.4, 13.5, 13.6 and 13.7 show differ-
ent grades of ACR according to both ISHLT 
grading systems.

13.3.3  Reliability of Grading Systems

Essentially, an ideal grading system for acute 
rejection should accurately stratify patients into 
treatment groups; it should also be easy to apply 
and highly reproducible.

Grading simplicity is not however the only 
parameter for improving interobserver reproduc-
ibility: it is essential that the basic histologic cri-
teria (type and site of inflammatory infiltrates, 
spectrum of myocyte damage, extension of frag-
ment involvement, etc.) be clearly defined. 
Moreover simplification does not necessarily go 
with tapering of the immunosuppressive therapy.

In any case the simplified 2005 grading 
scheme was brought in to increase reproducibil-
ity and more readily identify patients for whom 
augmented immunosuppression was required. It 
was anticipated that a reduced number of rejec-
tion grades would improve interobserver varia-
tion; however, studies in the literature have so 
far failed to demonstrate this. In 2009 Yang 
et al. found there was no significant improve-
ment in kappa values with the 2005 classifica-
tion over the 1990 classification (Yang et al. 
2009): the main areas of difficulty were subjec-
tive assessment of the degree of inflammation 
and myocyte injury.

In 2009 the Association for European 
Cardiovascular Pathology (AECVP) transplant 
working group undertook an assessment of the 
2005 ISHLT classification at a European level 
using digitised images, and the findings were 
published in 2011 (Angelini et al. 2011). They 
demonstrated a small improvement in kappa val-
ues of the 2005 over the 1990 classification in the 
assessment and grading of biopsies for ACR, but 
this was not statistically significant. Again diffi-
culties were noted in the assessment of inflam-
matory cell infiltrates and myocyte injury. In this 
study agreement amongst pathologists was better 
for features of chronic rejection and non- 
rejection- related findings.

13 Pathology of Acute Cellular Rejection
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Both studies show limitations: that of Yang 
et al. was performed in a single institution with 
a biopsy cohort in which there was a high per-
centage of cases of ACR compared to daily 
practice; the European study included patholo-
gists with varied experience in reporting car-
diac allograft biopsies and the use of digitised 
slides which pathologists were not used to 
assessing. It is hoped that increased centralisa-
tion of expertise within transplantation centres, 
ready access to online teaching resources and 

increased ease of inter-institutional referral via 
digital slides will result in improved rates of 
concordance between pathologists. However 
falling rates of heart transplantation and num-
bers of cardiac allograft biopsies reported by 
pathologists may limit any potential 
improvement.

Probably the best practice is to mention both 
1990 and 2005 ISHLT grading systems in the 
pathology report, as it allows clinicians to modu-
late therapy within the clinical course of patients 

Table 13.3 Comparison of ISHLT 1990 and 2005 grading schemes for cellular rejection

ISHLT 1990 ISHLT 2005

Grade 0 No/minimal inflammation Grade 0R No/minimal inflammation

Grade 1A Focal perivascular/interstitial 
inflammatory infiltrates. No myocyte 
damage

Grade 1R Inflammatory infiltrates with 
no myocyte damage or with 
a single focus of myocyte 
damageGrade 1B Diffuse interstitial inflammatory 

infiltrates. No myocyte damage

Grade 2 Single focus of aggressive inflammatory 
infiltrate with myocyte damage

Grade 3A Multifocal inflammatory infiltrates 
associated with myocyte damage

Grade 2R Two or more foci of 
inflammatory infiltrates with 
myocyte damage

Grade 3B Diffuse inflammatory infiltrates 
associated with myocyte damage

Grade 3R Diffuse inflammatory 
infiltrate with myocyte 
damage and often with 
oedema, haemorrhage and/
or vasculitis

Grade 4 Diffuse polymorphous inflammatory 
infiltrates associated with extensive 
myocyte damage, oedema, haemorrhage 
and vasculitis

Fig. 13.4 2005 and 1990 ISHLT ACR grade 0. No rejection. Haematoxylin-eosin, 100×
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and better identify progression of some grades of 
low/borderline rejections.

13.4  Technical Aspects

In assessing cardiac rejection, technical issues 
are as essential as histopathology criteria in 
reproducibility of results.

The infiltrate in rejection is patchy, so to 
reduce missing rejection due to inadequate 
sampling, the ISHLT documents specify crite-
ria for standardisation of sampling, with 
requirements for minimum numbers of biop-
sies and minimum numbers of sections for 
each biopsy.

13.4.1  Biopsy Sampling 
and Fragment Adequacy

With three biopsy samples, there is 5 % chance of 
missing a mild rejection but negligible risk of 
missing moderate or severe rejection 
(Spiegelhalter and Stovin 1983), and if there are 
four samples, the chance of missing mild rejec-
tion falls to 2 %. As the number of pieces contain-
ing a mild rejection infiltrate increases, the risk of 
missing a higher grade rejection increases 
(Sharples et al. 1992).

The minimum requirement is 3 “evaluable” 
fragments of myocardium, although 4 are consid-
ered preferable (4 were required in the 1990 
ISHLT publication) and increasing sample size to 

a b

c d

e f

Fig. 13.5 2005 ISHLT 1R mild-low-grade ACR = 1990 
ISHLT 1A-1B-2 grades. (a) Haematoxylin-eosin, 100×; 
(b) haematoxylin-eosin, 200×; (c) haematoxylin-eosin, 
25×; (d) haematoxylin-eosin, 100×; (e) haematoxylin- 

eosin, 100×; (f) haematoxylin-eosin, 200×. (b, d, f: 
Courtesy of Drs. O. Leone (Bologna, Italy) and 
A. Angelini (Padua, Italy))
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5 has been shown to increase the sensitivity for 
detecting rejection. It is also recommended that 
fragments should never be subdivided to increase 
the number of fragments.

An evaluable fragment is defined as a biopsy 
which contains at least 50 % myocardium free of 
a previous biopsy site.

If the biopsy is inadequate based on contain-
ing fewer than three evaluable pieces, there are 
two outcomes:

• Rejection cannot be diagnosed, so no grade is 
given and the biopsy should be called inade-
quate, prompting a further biopsy to assess for 
rejection.

• Rejection is identified so the biopsy can be 
reported as rejection, but as more severe rejec-
tion may be missed the caveat of “at least” 
should be put before the grade, and a comment 

within the text of the report should indicate 
that the biopsy is inadequate/suboptimal and 
cannot exclude a higher grade of rejection.

How an inadequate/suboptimal biopsy is han-
dled will depend on the time post-transplant, if 
very early and another biopsy is scheduled in 
1–2 weeks and the patient is well, then it is likely 
that they will just stick to protocol. However if 
the next scheduled biopsy is not for some time, it 
is likely that a repeat biopsy to exclude rejection 
or higher-grade rejection will be organised 
sooner.

13.4.2  Sections

The biopsies should be embedded at a single 
level and ideally arranged so that it is easy to 

a b

c d

Fig. 13.6 2005 ISHLT 2R moderate/intermediate grade 
ACR = 1990 ISHLT 3A multifocal moderate grade. (a) 
Haematoxylin-eosin, 100×; (b) haematoxylin-eosin, 

200×; (c) haematoxylin-eosin, 200x; (d) haematoxylin- 
eosin, 400× (Courtesy of Drs. O. Leone (Bologna, Italy) 
and A. Angelini (Padua, Italy))
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assess them all without the risk of missing a 
piece, e.g. in a linear arrangement. Biopsies 
should be cut at multiple levels to minimise the 
risk of missing focal inflammatory infiltrates 
and to allow better appreciation of the position 
of the infiltrate. Rejection features are not uni-
form throughout the myocardium so this will 
improve detection and accuracy of rejection 
grading. ISHLT recommends at least three lev-
els stained with haematoxylin and eosin (H&E) 
with spare sections between levels kept for 
more detailed assessment as required (Stewart 
et al. 2005). Spare sections or additional sec-
tions can be stained with H&E to try to confirm 
a Quilty lesion and/or immunohistochemistry 
for CD3, CD20, CD68 and CD21 to attempt  
to differentiate a Quilty lesion from a rejection 
infiltrate (Michaels et al. 2001; Sattar et al. 
2006).

13.5  Assessment of Rejection 
at Microscope

13.5.1  Low Power

At scanning/low-power magnification (4×, 10×), 
biopsy adequacy (required number of pieces), 
overall biopsy cellularity, pattern and site of 
inflammatory infiltrates and worst areas of infil-
tration are determined.

13.5.1.1  Biopsy Adequacy
First the number of pieces of evaluable myocar-
dium is determined for adequacy as defined 
above.

13.5.1.2  Cellularity
An assessment of overall cellularity is then made 
with particular emphasis on the location and pat-

a b

c d

Fig. 13.7 2005 ISHLT 3R severe/high-grade ACR = 1990 
ISHLT 3B diffuse – borderline severe grade and 4 severe 
grade. In grade 4 the inflammatory infiltrate is more poly-
morphous, diffuse and intense than in 3B, and myocyte 

damage is conspicuous. (a) Haematoxylin-eosin, 100×; 
(b) haematoxylin-eosin, 200×; (c) haematoxylin-eosin, 
200×; (d) haematoxylin-eosin, 400× (Courtesy of Drs. 
O. Leone (Bologna, Italy) and A. Angelini (Padua, Italy))
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tern of inflammatory cell infiltration. Whether 
the infiltrate is focal or diffuse and its relation-
ship to the myocytes and endocardium can pro-
vide clues as to the underlying pathology. 
Rejection may be seen as bluer areas in focal 
areas of inflammatory infiltration (Fig. 13.8a), 
easy to spot on low power, or as a more diffuse 
infiltrate, which is often harder to pick up on 
scanning power (Fig. 13.8b). The position of the 
infiltrate is determined; this may require looking 
at the sequential levels, to see if the infiltrate is 
endocardially based with or without extension 
into the myocardium, myocardial or within areas 
or fibrosis or fat (see Sect. 13.7). Nodular endo-
cardial inflammatory infiltrates, often with a 
pushing border, are more likely to be Quilty 
lesions (Fig. 13.9a), whilst less dense linear 
endocardial infiltrates may be part of rejection, 
warranting a closer search for myocardial infil-
trates (Fig. 13.9b). If the infiltrate is within the 
myocardial layer, assess whether it is predomi-
nantly separating/surrounding the myocytes or 
in a perivascular distribution. These features 
may be better appreciated on a higher power. 
Perimyocytic inflammatory infiltrates should be 

examined at high power for the presence of myo-
cyte injury.

13.5.1.3  Myocytes and Interstitium
Assess the myocytes for proximity to each other: 
are they close or are they separated? If separated 
is the interstitial space between myocytes pale in 
which case it might indicate tissue oedema or 
artefactual separation (Fig. 13.3), or are they 
 separated by blue inflammatory cells (Fig. 13.2)? 
Do there appear to be any myocytes missing, 
which can be an indication of myocyte damage 
(Fig. 13.10)? Is there any haemorrhage apparent? 
Haemorrhage seen at low power is usually related 
to the biopsy procedure rather than a feature of 
severe rejection. These features should then be 
assessed in more detail at a higher power.

13.5.1.4  Other
Other features which can be identified include 
ischaemic injury, previous biopsy site reaction, 
fibrous scars, fat and thrombus (Fig. 13.11a, b). 
If mesothelium is identified, it indicates perfo-
ration, and this should be notified together with 
the biopsy grade, so that the patient can be 

a b

Fig. 13.8 (a) Focal infiltrates. At low power the focal 
infiltrates are often readily apparent as the inflammatory 
cells are aggregated with relatively pink areas with mini-
mal inflammation between. A linear low-density endocar-
dial infiltrate is also seen. In this biopsy artefactual tears 
in the tissue and aggregates of red blood cells are also seen 

related to the biopsy procedure (haematoxylin-eosin, 
25×). (b) Diffuse infiltrates. At low power these can be 
difficult to spot as there are no discrete blue areas with 
pink areas between; however there are usually some areas 
where the infiltrate is more marked (haematoxylin-eosin, 
40×)
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more closely monitored for complications 
(Fig. 13.11c).

13.5.2  High Power

At high power the features on low power are 
examined in more detail, in particular to assess:

• Evidence of myocyte injury, particularly in 
the worst areas of inflammation

• Composition and distribution of inflammatory 
infiltrates

• Interstitium with microvessels

13.5.2.1  Myocyte Injury
Assess the myocytes within/associated with 
the areas of inflammatory infiltration for evi-
dence of rejection looking at the type of myo-
cyte injury, necrosis or loss (see illustrative 
Case 1). In rejection injured myocytes may 
appear moth eaten or fragmented with tiny 
fragments together with larger more normal-
sized myocytes, there may be myocyte missing 
with gaps where a myocyte should be and the 
injured myocyte cytoplasm may appear granu-
lar and there may be a perinuclear halo zone 
and free-lying myocyte nuclei (Fig. 13.12). 

Hypereosinophilic myocytes usually indicate 
ischaemic type of coagulative necrosis (see 
Chap. 16), which is not part of cellular rejec-
tion and may occur as part of a previous biopsy 
site injury and peritransplant injury or could 
indicate an infarct due to an upstream vascular 
process.

13.5.2.2  Inflammatory Infiltrates
The composition and position/distribution of the 
inflammatory infiltrate are assessed. A rejection 
infiltrate is composed of mononuclear cells 
comprising mixed lymphocytes and macro-
phages. Occasional eosinophils may be present 
in moderate or severe grades of rejection 
(Fig. 13.12).

More diffuse infiltrates are more readily 
apparent at high power than low power.

Occasional lymphocytes and macrophages 
may be seen in normal myocardium.

13.5.2.3  Interstitium 
and Microvessels

Apart from interstitial inflammation, other inter-
stitial changes such as oedema, haemorrhage or 
fibrosis are also carefully looked for.

Infiltrates which appeared to be perivascular 
at low power should be assessed in more detail 

a b

Fig. 13.9 (a) At low power a well-oriented Quilty lesion 
jumps out as a dense endocardially based infiltrate 
(haematoxylin- eosin, 200×). (b) A rejection inflammatory 
infiltrate can involve the endocardium; it tends to be linear 

and less dense than the nodular endocardial Quilty lesion. 
Mononuclear cell inflammatory infiltrates can be seen in 
the adjacent myocardium as part of rejection 
(haematoxylin- eosin, 200×)
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to determine their relationship with microves-
sels, i.e. whether they are truly perivascular or 
associated with plump endothelial cells and 
cells within capillaries or small venules (a 
microvasculitis). If a microvascular inflamma-
tion is relatively prominent, then this may indi-
cate either antibody- mediated rejection (see 
Chap. 14) or mixed cellular and antibody-
mediated rejection, thus requiring immunohis-
tochemistry (see Chap. 15). Intraluminal 
inflammatory cells in less than 10 % of the 

myocardium are permissible in pure acute cel-
lular rejection; over 10 % and the diagnosis of 
mixed rejection or antibody-mediated rejection 
should be considered. Oedema, haemorrhage 
and karyorrhectic debris may be an indirect 
sign of microvasculitis.

At high power, small vessel disease due to 
chronic rejection should also be checked (see 
Chap. 18) as well as possible chronic degenera-
tive changes in myocytes, such as vacuolisation, 
subendocardial myocytolysis, etc.

Fig. 13.10 A low-power image of acute cellular rejection where myocyte injury is suggested by distortion of the archi-
tecture of the myocardium with apparent loss of myocytes (haematoxylin-eosin, 25×)
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13.6  Changes in Rejection 
Over Time with Improvement 
in Immunosuppressive 
Agents

Immunosuppressants have improved over the 
years, with rejection becoming less common and 
of lesser severity. Since ciclosporin became 
available in the 1980s and tacrolimus in the 
1990s, grade 4 (ISHLT-1990) is now virtually 
never seen, and the 1990 3B rejection is also 
uncommon. Most rejections seen now which 
require treatment are 2R (old 3A) rejections and 
tend to be down at the milder end of the spec-
trum, with less inflammatory infiltration, and 
careful searching over the levels is required to 
confirm myocyte injury.

13.7  Assessment of Biopsy

The best method to approach an EMB from heart 
transplanted patients is to form a first impression 
of all the pathologic features and then to reach a 
more precise assessment on the basis of a series 
of essential data:

• Time post-transplant (recent or late biopsy)
• How long since the last biopsy
• Sequence of previous rejections
• Any clinical symptoms
• Clinical information about other possible con-

current disease, such as infections
• Any change in medication either noncompli-

ance or modification of immunosuppression 
by the clinical team

The relevant information may not be readily 
available, and discussion with the transplant sur-
geons or cardiologists may be required, particu-
larly if the diagnosis is difficult. This is 
particularly important when the specimen is 
inadequate or suboptimal to convey the degree of 
uncertainty and allow them to make a decision as 
to the requirement and timing for a re-biopsy.

a b c

Fig. 13.11 (a) Previous biopsy site with fibrinous sur-
face exudate overlying underlying fibrous granulation tis-
sue (haematoxylin-eosin, 200×). (b) Healing peritransplant 
ischaemia/reperfusion injury with myocyte loss, lipofus-

cin laden macrophages and early loose fibrosis 
(haematoxylin- eosin, 200×). (c) The presence of mesothe-
lium indicates perforation during the biopsy procedure. 
(Haematoxylin-eosin, 25×)

Illustrative Case: Early Rejection

(Figs. 13.13, 13.14, 13.15, and 13.16) First 
protocol biopsy day 8 post-transplant, 
doing well.
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a

b c

Fig. 13.12 High-power images of severe ACR foci. 
There is a diffuse mononuclear cell infiltrate separating 
and encroaching on myocytes with distortion of myocyte 
architecture and myocyte damage. Nature of inflamma-

tory infiltrates can be easily recognised at this magnifica-
tion. (a) Haematoxylin-eosin, 250×. (b, c) 
Haematoxylin-eosin, 400× (Courtesy of Dr. O. Leone, 
Bologna, Italy)
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Fig. 13.13 Illustrative case. At low power, numerous focal blue areas are apparent

Fig. 13.14 Illustrative case. Areas of peritransplant 
injury are present (within oval). These were relatively 
sparse, had a generally very mild inflammatory infiltrate and 
showed is chaemic type coagulative necrosis and sarco-

plasmic hypereosinophilia/coagulation of involved myo-
cytes, which have a different appearance to the pattern of 
infiltration and look of the damaged myocytes which is 
much more subtle in areas of rejection

13 Pathology of Acute Cellular Rejection
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Fig. 13.16 Illustrative case. At higher power and with 
assessment of all areas of injury, myocyte damage is con-
firmed. There are fragments of myocytes, perinuclear 

clearing of damaged myocytes and mononuclear cells 
impinging on the outer aspects of the myocyte (circle)

Fig. 13.15 Illustrative case. In this figure artefactual 
areas of separation of the myocytes (star) are seen. 
Adjacent to this is a focus of inflammation extending 
between and around myocytes with some linear involve-
ment of the overlying endocardium. Even at this power, 

there is a suggestion of muscle damage, related to the rela-
tively light mononuclear cell infiltrate, with some perinu-
clear clearing seen and an area in which there is 
inflammation and appears to lack a myocyte

D.A.H. Neil and A.J. Rice
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The cytoplasm appears granular, nuclei are 
absent and the cells seem to be breaking up. The 
muscle damage is out of proportion to the inflam-
matory infiltrate.

The multifocal infiltrate with muscle damage 
related to a rejection type of inflammatory infil-
trate was seen in several areas amounting to grade 
2R (1990 grade 3A) rejection. Areas of peritrans-
plant injury could be seen over the levels but they 
had a different appearance.
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Key Points

• Cell-mediated rejection is an immune- 
mediated inflammation of the myocar-
dium where the immune response 
primarily targets cardiac myocytes and 
vascular cells.

• ACR occurs within weeks or months 
after transplantation and may also recur 
after many years for a number of rea-
sons which can reduce the immunologic 
tolerance which has gradually been 
established.

• The key histologic findings of ACR are 
myocardial inflammation and myocyte 
injury.

• An understanding of both the 1990 and 
2005 ISHLT grading schemes is 
required.

• There are three basic grades of rejec-
tion: mild, moderate and severe.

• Biopsy adequacy should be assessed as 
this in fact determines the risk of miss-
ing rejection due to sampling error.

• The biopsy should first be examined at 
low power for features suggestive of 
rejection then at high power to confirm 
rejection and grade it accurately.
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14.1  Background

The concept of cardiac antibody-mediated rejec-
tion (AMR) emerged in the late 1980s and early 
1990s and was initially termed “acute vascular 
rejection” or “acute humoral rejection” 
(Hammond et al. 1989; Ratliff et al. 1995). 
Clinically, AMR usually presented in the first 
few weeks after transplantation with allograft 
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dysfunction, occurring in close to half of patients 
in some programs. The primary histopathologic 
findings consisted of prominent endothelial cells 
lining the myocardial vessels and/or vasculitis. 
Immunofluorescence (IF) staining performed on 
posttransplant EMB revealed immunoglobulin 
and complement deposition. The constellation of 
findings was associated with a diminished sur-
vival compared to patients with acute cellular 
rejection (ACR) or mixed ACR and 
AMR. Subsequent studies showed an association 
of AMR with the accelerated development of 
transplant-associated vasculopathy (TAV) of the 
coronary arteries (Hammond et al. 1992). 
Reports from other transplant centers identified 
patients with allograft dysfunction in the absence 
of ACR, and descriptive terms such as “biopsy-
negative rejection” appeared in the literature 
(Costanzo-Nordin et al. 1993). The members of 
the 1990 International Society for Heart and 
Lung Transplantation (ISHLT) Working 
Formulation Consensus group briefly addressed 
the concept of AMR indicating the need for 
additional investigation but did not provide 
detailed criteria (Billingham et al. 1990). Wider 
acknowledgment of its existence and its clinical 
significance for cardiac allograft recipients 
evolved over the ensuing two and a half decades. 
AMR was formally recognized by the 2005 
ISHLT Working Formulation Consensus group 
as part of the revision of ISHLT criteria for car-
diac allograft rejection (Stewart et al. 2005; Reed 
et al. 2006), and histopathologic and immuno-
phenotypic criteria were proposed. The charac-
teristic morphologic findings included enlarged, 
“swollen” interstitial endothelial cells and intra-
vascular aggregates of macrophages within the 
interstitial capillaries and venules. The key 
immunopathologic findings by IF were immuno-
globulin (IgG, IgM, and/or IgA) and comple-
ment degradation product (C3d, C4d, and/or 
C1q) deposition on the endothelium of the inter-
stitial capillaries. Utilizing an alternative meth-
odology such as formalin-fixed paraffin section 
immunohistochemistry (IHC) required the dem-
onstration of C4d deposition on the capillary 
endothelium and the presence of CD68-positive 
macrophages within the microvasculature. A 

provisional grading scheme was introduced that 
was limited to the presence (AMR1) or absence 
(AMR 0) of antibody-mediated rejection. A 
definitive diagnosis of AMR required the combi-
nation of clinical dysfunction, histopathologic 
and immunophenotypic findings, and the pres-
ence of circulating anti-HLA antibodies. The 
proposed criteria represented a substantial 
advancement in the recognition of pathologic 
components of AMR. However, a number of 
technical and interpretative issues remained 
unresolved. Detailed surveys of clinical prac-
tices sponsored by the Society of Cardiovascular 
Pathology (SCVP) and the Association of 
European Cardiovascular Pathologists (AECVP) 
highlighted the variability of methodologies, 
interpretative thresholds, and reporting 
approaches. Some centers utilized IF, while 
many others used IHC techniques, and a limited 
number of centers applied both approaches. 
Some centers employing frozen section IF 
applied broad panels of immunoglobulin, com-
plement, and HLA-DR, while others advocated a 
restricted panel of complement activation mark-
ers, C4d and C3d. Centers using the IHC 
approach reported a variety of antibody panels 
that included some combination of C4d (with or 
without C3d) and macrophage markers such as 
CD68. A number of grading schemes for the dis-
tribution and intensity of antibody staining were 
applied, including adoption of the Banff system 
for renal transplant rejection, but these generally 
remained center-specific. The results of the sur-
veys highlighted the lack of uniformity among 
transplant centers and the difficulty in assessing 
or comparing the results from different centers 
(Burke et al. 2010; Kucirka et al. 2011). The 
findings were discussed at the 10th Banff 
Allograft Pathology Conference in August 2009. 
Among the important findings discussed there 
were the results of a multicenter IHC study of 
C4d and C3d staining of AMR cases captured in 
a tissue array sample that demonstrated remark-
able reproducibility among centers. At the 
pathology breakout session of the ISHLT AMR 
Consensus Conference held in conjunction with 
the ISHLT 30th Annual Meeting and Scientific 
Sessions in Chicago, Illinois, in April 2010, the 
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recommendations from the Banff Conference, a 
detailed literature review and the experience of 
the transplant pathologists attending the session 
formed the nidus for technical and interpretative 
recommendations and a preliminary grading 
scheme reported in 2011 (Kobashigawa et al. 
2011; Berry et al. 2011). Additional work by the 
working group of pathologists was carried out 
over the next few years culminating in the 2013 
ISHLT Working Formulation for the diagnosis 
and reporting of cardiac AMR (Berry et al. 
2013). While controversies still exist and chal-
lenges and unanswered questions remain, AMR 
is now a fully recognized entity that is defined 
and classified solely by pathologic findings. A 
few multicenter cooperative studies are under-
way, and more are needed to further refine 
thresholds for therapeutic interventions and bet-
ter understand its short- and long-term clinical 
implications.

It should be emphasized that the ISHLT WF is 
not evidence-based and does not purport to be 
scientifically definitive of all the key pathologic 
events in AMR. The clinical significance of each 
pAMR grade has not yet been fully established. 
The goal of this effort was primarily to establish 
a framework and basis for characterizing features 
of AMR that could be more meaningfully and 
reliably compared between centers and aggregate 
multicenter research studies. Substantial progress 
has been made concerning cardiac AMR since 
the controversial single-center reports 30 years 
ago. The consensus guideline-defined criteria in 
the 2013 ISHLT WF attest to this. However, as in 
the rest of science and medicine, each answered 
question leads to even more questions to be 
answered and issues to be resolved. There is still 
much remaining to be clarified, especially with 
regard to therapies and long-term consequences 
of this disease.

14.2  Histopathologic Features 
of Cardiac AMR

According to the 2013 ISHLT WF, the histo-
pathologic features of AMR on routine hema-
toxylin- and eosin (H&E)-stained sections 

reflect interstitial capillary injury with swollen, 
enlarged, hyperplastic endothelial cells and 
intravascular macrophages. Since it is often dif-
ficult to distinguish endothelial cells from mac-
rophages (both may have oval nuclei with 
delicate dispersed chromatin) and indeed from 
other cell types like transformed lymphocytes, 
the descriptive term “activated mononuclear 
cells” was proposed to account for this ambigu-
ity (Berry et al. 2013). Having said that, the 
manifestations of AMR encompass a broad 
morphologic spectrum ranging from very subtle 
changes in some cases to florid alterations in 
others. The salient features are described in 
detail below.

14.2.1  Intravascular Activated 
Mononuclear Cells

The normal myocardium is characterized by a 
rich network of capillaries (lined by endothelial 
cells) within the interstitial spaces, admixed 
with occasional interstitial macrophages and 
T-cells. In the quiescent state the endothelial 
cells remain barely discernable (Fig. 14.1). 
However, in AMR the capillaries are usually 
diffusely and uniformly altered, although occa-
sionally the changes may only be observed in 
some biopsy pieces and not others or even 
focally in a given piece. At scanning magnifica-
tion (×10–20), the interstitial changes generate a 
“busy” look – the interstitium appears more cel-
lular than normal (Fig. 14.1). High-power mag-
nification (×200–400) confirms that the network 
of capillaries (and to some extent the associated 
post-capillary venules) shows enlarged and 
prominent “swollen” endothelial cells. The 
nuclei of activated endothelial cells protrude 
into the lumens, and their cytoplasm creates nar-
rowing of the luminal space sometimes render-
ing the appearance of luminal obstruction 
(Fig. 14.1). In advanced stages of activation and 
injury, endothelial cells may undergo pyknosis 
and/or karyorrhexis (now reported as severe 
AMR or pAMR3).

Resident interstitial macrophages can be 
found in the normal heart in limited numbers, 
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but immune mechanisms associated with AMR 
lead to recruitment of additional monocyte/
macrophage lineage cells. The presence of 
these cells in appreciable numbers within cap-
illaries is another hallmark of AMR (Fig. 14.1). 
These macrophages may distend and even fill 
capillary and venular lumens. Mononuclear 
cells within arterioles and large venules are not 
taken into account in the evaluation of light 
microscopy findings according to the ISHLT 
WF. As mentioned previously, unless com-
pletely detached from the vessel wall and dem-
onstrating classic morphologic features of 
macrophages, they can be difficult to distin-
guish from endothelial cells (which have simi-
lar nuclear size and chromatin pattern) without 

the assistance of immunophenotypic studies. 
Indeed in some cases, the number of CD68- 
positive macrophages highlighted by IHC is 
unexpected because the macrophages are sub-
tly embedded within capillaries in routine his-
tology (Berry et al. 2013). Intravascular 
macrophages help contribute to the “busy” 
appearance of the myocardial interstitium. The 
relative proportions of hyperplastic endothelial 
cells and intravascular macrophages may vary 
from case to case.

Since AMR is a morphologic and immuno-
logic continuum potentially involving several 
immunological mechanisms, the correlation of 
intravascular activated mononuclear cells with 
other morphologic findings (e.g., complement 

a b

c d

Fig. 14.1 Activated mononuclear cells in AMR. (Panel a) 
Quiescent endomyocardial biopsy showing normal micro-
vasculature without cellular or antibody-mediated rejec-
tion (H&E ×250). (Panel b) “Busy” appearance of the 
myocardial interstitium (H&E ×100). (Panel c) High- 

power magnification showing activated mononuclear cells 
in the interstitial capillaries (H&E ×200). (Panel d) 
Interstitial capillaries are narrowed by plump mononu-
clear cells that could be swollen endothelial cells, intra-
vascular macrophages, or both (H&E ×400)
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staining by immunopathology) and serum indi-
cators (e.g., circulating DSA by single-antigen 
bead flow cytometry) can be variable from case 
to case. In terms of correlating histologic and 
immunopathologic features of AMR (i.e., 
using histologic findings to predict immuno-
pathologic findings), Hammond et al. found 
acceptable specificity, but poor sensitivity for 
this approach. For biopsies showing endothe-
lial swelling by histology, the sensitivity for 
predicting positive immunofluorescence was 
63 % (specificity 80 %). For biopsies showing 
intravascular macrophages by histology, the 
sensitivity was 30 % (specificity 99 %) 
(Hammond et al. 2005). Fedrigo and col-
leagues reported that combining both the endo-
thelial and macrophage parameters in 
C4d + biopsy specimens yielded a sensitivity of 
31 %, a specificity of 71 %, and a likelihood 
ratio of 1.08 (Fedrigo et al. 2013). These stud-
ies highlight the limited utility of histologic 
criteria alone as screening criteria for AMR. An 
approach incorporating both histopathology 
and immunopathology is needed for effective 
AMR screening. If immunopathologic analysis 
of every biopsy specimen is not practical, the 
ISHLT WF recommends a screening strategy 
in the first months after transplantation with 
periodic monitoring until the 1-year mark. 
Thereafter, immunopathology may be omitted 
if histopathologic AMR features are absent 
(Berry et al. 2011). That said, cases of late 
AMR are often encountered in clinical prac-
tices, and AMR should always be considered in 
the differential diagnosis of late- onset allograft 
dysfunction.

Concerning the specificity of intravascular 
activated mononuclear cells for AMR, it is rec-
ognized that endothelial activation and macro-
phage recruitment can occur in other processes 
such as ACR, ischemic injury, infection, healing 
biopsy sites, and at the edges of Quilty lesions. 
Thus, these findings should always be inter-
preted in their appropriate context. A threshold 
of “more than occasional focal aggregates or 
scattered isolated foci of intravascular activated 
mononuclear cells” is recommended for assess-
ing histopathologic AMR (Berry et al. 2013). 

Above this threshold, the finding should trigger 
immunopathologic consideration for DSA 
testing.

14.2.2  Interstitial Edema

Edema is defined as the presence of a pale baso-
philic or occasionally eosinophilic extracellular 
matrix in perivascular and/or interstitial spaces. It 
is typically associated with activated intravascu-
lar mononuclear cells and rarely, if ever, repre-
sents a solitary finding in AMR. The finding of 
edema may vary from sparse patchy accumula-
tions to prominent widespread collections, espe-
cially in cases of more advanced AMR (Fig. 14.2).

Edema should not be confused with artifacts 
due to technical issues with biopsy processing 
and histology preparation, which can lead to tis-
sue separation characterized by empty clear 
spaces between myocytes and around vessels. 
Edema should be also distinguished from inter-
stitial fibrosis. Noticing the wavy, pale eosino-
philic fibrillar character of collagen fibrils on 
routine histology or confirmation by connective 
tissue stains, such as Masson or Azan-Mallory 
trichrome, will avoid confusing subtle fibrosis 
with edema. Like intravascular mononuclear 
cells, edema is not specific to AMR. It can be 
seen in the setting of ischemic and perioperative 
“harvesting” injury, at the edge of recent biopsy 
sites, infectious myocarditis, and in advanced 
ACR.

14.2.3  Inflammation

Mononuclear inflammatory cells other than mac-
rophages may also be conspicuous in some cases 
of AMR. These are often present in the intersti-
tium and occasionally within vascular lumens. 
When seen, the possibility of “mixed” rejection 
(AMR plus definitive features of ACR) should be 
considered. In the setting of pure AMR, the 
inflammatory composition can also include scat-
tered neutrophils and eosinophils as well as occa-
sional lymphocytes (especially NK cells). Mixed 
interstitial inflammation is more prominent in 
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severe AMR, in combination with edema, 
 hemorrhage, endothelial cell pyknosis/karyor-
rhexis, and myocyte damage (Berry et al. 2013).

14.2.4  Severe AMR (pAMR3)

This form of AMR is now rarely encountered in 
most clinical practices. The first descriptions of 
this extreme manifestation of AMR (in the setting 
of high-titer preformed antibody) arose from 
cases of hyperacute or otherwise early and over-
whelming rejection at time before highly sensi-
tive histocompatibility testing and effective 
immunosuppressive regimens were available 
(Kemnitz et al. 1991). These findings were asso-
ciated with profound allograft dysfunction and 
poor clinical outcomes. Since this pattern is 
thought to represent the extreme end of the AMR 
spectrum, it is designated as severe AMR. In 
more recent years, severe AMR typically occurs 
in the setting of a history of presensitization or 
cessation of immunosuppressive therapy (e.g., 
noncompliance).

In severe AMR, the capillaries, venules, and 
small arterioles are distorted, and the lumens 
appear occluded or severely narrowed by cellular 
and acellular debris. Degenerated/necrotic endo-
thelial cells with pyknosis and/or karyorrhexis 
are present as well as necrosis of surrounding 
myocytes (Fig. 14.3). Inflammatory infiltrates are 

seen within the lumens and walls of the vessels 
and in the perivascular spaces. These include 
intravascular and extravascular macrophages but 
also neutrophils, eosinophils, and lymphocytes. 
Platelet-fibrin thrombi may be present. 
Perivascular and interstitial edema are usually 
present, and interstitial hemorrhage may be con-
spicuous (though in biopsies true hemorrhage 
can be difficult to distinguish from procedure- 
related extravasation of blood).

14.3  Immunopathology 
of Cardiac AMR

14.3.1  Screening Strategies 
and Technical Aspects

Although AMR occurs more frequently during 
the first year following transplantation (Yerly 
et al. 2015), late AMR can also occur. Careful 
histopathologic screening of each biopsy sam-
ple is imperative, and there is a strong recom-
mendation for serial immunopathologic testing 
during this period. Because the levels of com-
plement split products generated from AMR 
may fluctuate over time, serial assessment at 
various time points after transplantation has 
been recommended in the 2013 ISHLT 
WF. Except in highly sensitized patients 
deemed at extreme risk for early AMR, the first 

a b

Fig. 14.2 Interstitial edema. (Panel a) Mild interstitial 
edema creating separation of myocytes throughout the 
sample. Note the pale basophilic appearance of the edema 

fluid (H&E ×200). (Panel b) Marked edema in association 
with activated mononuclear cells (H&E ×400)
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immunopathologic study is initiated at 2 weeks 
to allow resolution of  ischemic and other peri-
operative forms of injury. The protocol mirrors 
the clinical recommendations for DSA testing 
with immunopathologic studies at 2 and 4 
weeks and then testing at 3, 6, and 12 months 
(Kobashigawa et al. 2011). Modifications by 
individual centers could reflect research proto-
cols, at-risk patient populations, and financial 
or other considerations.

Two immunopathologic techniques are gen-
erally used in the laboratory: immunohisto-
chemistry (IHC) performed on formalin-fixed 
paraffin-embedded tissue and immunofluores-
cence (IF) on snap-frozen fresh tissue samples. 
Since the reagent antibody clones differ 
between these methods and antigen retrieval 
steps to disrupt formalin-generated peptide 
cross-links are required for IHC (but not IF), 
there is a theoretic basis for differing sensitivity 
and specificity for each approach. Despite this, 
both techniques seem to be highly comparable 
when the assay parameters are optimized and 
run with appropriate controls (Miller et al. 
2010). In most centers IHC is performed by 
automated staining techniques. The IF method 

requires enhanced logistical organization, in 
terms of obtaining an extra biopsy piece, trans-
porting fresh tissue in saline or other media like 
Zeus (avoiding formalin fixation of the biopsy 
sample), and the need for cryostat microtomes, 
fluorescence-capable microscopes, and experi-
enced technicians.

Antibodies to several different proteins of 
interest are used in both IHC and IF techniques to 
identify the immunopathologic features of AMR 
(principally complement deposition by both IHC 
and IF and intravascular macrophages by IHC). 
Several different sources are commercially avail-
able. It should also be noted that at present there 
are some proteins that are optimally assessed by 
only one of the techniques. The prognostic and 
predictive experience with C3d is currently lim-
ited to IF, as there were no IHC clones commer-
cially available until recently. Conversely, CD68 
immunostaining is currently restricted to IHC 
methods. Regardless of the specific clone chosen, 
it should always be optimized and validated thor-
oughly before clinical use against appropriate 
control tissues (both known positive and negative 
samples) in each immunopathology laboratory. 
Partnering with another laboratory that has 

Fig. 14.3 Histopathology of severe AMR. High-power magnification showing mixed inflammatory cell infiltrates, pyk-
notic debris, activated mononuclear cells, edema, and patchy myocyte damage (H&E ×400)
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already validated a particular antibody is helpful 
in this endeavor. Importantly, positive and nega-
tive control slides should always be generated 
daily and negative control slides prepared with 
each case.

The 2013 ISHLT WF provides careful inter-
pretative guidelines for histopathologic and 
immunopathologic criteria. That said, there is 
always concern for possible interpretative vari-
ability by pathologists and the need for optimiz-
ing standardization in this regard. In developing 
the diagnostic criteria, the 2013 ISHLT WF 
incorporated the results of a reproducibility exer-
cise utilizing a survey of 25 cases with both his-
topathology and immunostains (Berry et al. 
2013). The interpretative recommendations are 
summarized in Tables 14.1, 14.2, and 14.3 and 
will be discussed in detail.

14.3.2  Antibody Panels 
for Immunopathology

The 2005 ISHLT WF was not prescriptive as to 
panels and interpretive criteria for immunopathol-
ogy. Evidence supporting the recommendations 

were (and to extent some still are) lacking. In the 
1980s some centers adopted an IF approach simi-
lar to renal biopsy immunopathology (IgG, IgM, 
C3, etc.). After reports of C4d in AMR emerged 
in the renal literature in the 1990s, centers began 
using C4d (by IF or IHC). Some began to include 
CD68 in their diagnostic panel as well. Correlation 
with other signs of AMR emerged as well as an 
impact of graft outcomes, but these studies varied 
widely with respect to antibodies selection, tech-
niques, and interpretive criteria. The 2013 ISHLT 
WF elucidates a standardized approach based on 
available published evidence and expert 
recommendations.

Both primary and secondary panels were pro-
posed for each modality. For IHC, the recom-
mended primary panel includes C4d and CD68. 
For IF the recommended stains are C4d and C3d 
(Table 14.1).

14.3.3  Anticomplement Antibody 
C4d (IF and IHC)

The assessment of C4d staining by IHC or IF is 
often challenging, and there are potential pitfalls 

Table 14.1 Recommended and optional antibody panels

Primary or mandatory panel Secondary or optional panel

Paraffin section immunohistochemistry C4d and CD68 CD3, CD20, C3d, CD31, CD34, 
complement regulators

Frozen section immunofluorescence C4d, C3d
HLA-DR (to assess 
vascular integrity as 
needed)

Fibrin, immunoglobulins

Table 14.2 Interpretive criteria for IHC

Scoring system Result/interpretation

Capillary C4d distribution: 0: < 10 % negative
1: 10–50 % “focal” staining
2: > 50 % “multifocal or diffuse” 
staining

Negative: 0, 1
Positive: 2
(assuming intensity is at least weak 
positive)

Capillary C4d intensity 0: negative/equivocal
1: faint positive staining
2: strong positive staining

Negative: 0
Positive: 1, 2

Intravascular CD68 macrophage 
distribution

0: < 10 % negative
1: 10–50 % “focal” macrophages
2: > 50 % “multifocal or diffuse” 
macrophages

Negative: 0
Positive: 1, 2 (intensity irrelevant for 
CD68)
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that can lead to either overinterpretation or unde-
rinterpretation of the findings. The 2013 ISHLT 
WF specifies that only staining of interstitial cap-
illaries should be considered in the evaluation. 
Staining of the venules, arterioles, arteries, elas-
tic tissue, and vessels associated with Quilty 
lesions, scars, or necrotic/ischemic areas should 
not be considered the in diagnostic interpretation 
of AMR but instead serve as useful internal con-
trols for the technical quality of the stain (Berry 
et al. 2013). A positive C4d staining pattern is 
defined as linear endothelial staining producing a 
“donut” pattern in cross-sectional vessels and an 
“elliptical” pattern in vessels arranged in longitu-
dinal alignment (Fig. 14.4).

The spectrum of C4d staining intensity and 
the distribution can be considerable from case 
to case. This is especially true for IHC tech-
niques compared to IF techniques. IHC stains 
also frequently show artifactual serum staining 
within capillary lumens and incomplete granu-
lar staining of the endothelium, resulting from 
fixation of congealed serum (which contains 
complement factors) to the capillary wall dur-
ing tissue fixation and processing (Fig. 14.5). 
This artifact can be distinguished from true C4d 
staining by its asymmetric and non-circumfer-
ential disposition in a vessel. Serum artifactual 
staining is less commonly encountered in IF 
staining.

C4d evaluation criteria are described in 
Tables 14.2 (IHC) and 14.3 (IF).

The distribution of C4d staining is reported as 
follows:

• <10 %: no staining
• 10–50 %: focal staining
• >50 %: multifocal/diffuse staining

The intensity of the staining is usually graded 
from 0 to 2 as follows:

• 0: negative/equivocal staining.
• 1 (faint/weak): not readily appreciated on low 

magnification but discernible as distinct, 
although still weak in intensity and on 
medium- and high-power magnification.

• 2 (strong): capillary structures are delineated 
even on low-power magnification.

Moderate intensity may also be seen as stain-
ing readily appreciated on low magnification and 
more intense on medium and high-power 
magnification.

A positive C4d staining result is defined in the 
2013 ISHLT WF as multifocal/diffuse (>50 %) 
capillary staining of weak or strong intensity of 
the interstitial capillaries evaluated in intact 
myocardium.

A more limited distribution (focal, <50 %) is 
considered technically negative but warrants 
communication with clinicians because of the 
possibility of an incipient, evolving, or resolving 
episode of AMR. In cases of severe AMR (pAMR 
3) or following repeated episodes of AMR, the 
loss of endothelial integrity may alter C4d depo-
sition, and the assessment of microvasculature 
with vascular markers such as CD31 or CD34 
(part of the optional panel for IHC) may be use-
ful. Weak staining may also warrant direct com-
munication to correlate with the clinical picture 
and guide appropriate clinical studies and follow-
 up. Neither weak nor focal staining has been 
studied extensively and needs further experience 
and outcome studies before a clearer recommen-
dation can be made. False-negative staining out-
comes are also a concern and should be assessed 

Table 14.3 Interpretive criteria for IF

Scoring system Result/interpretation

Capillary C4d or C3d 
distribution:

0: < 10 % negative
1: 10–50 % “focal” staining
2: > 50 % “multifocal or diffuse” 
staining

Negative: 0, 1
Positive: 2 (assuming intensity is at 
least faint positive)

Capillary C4d or C3d intensity 0: negative/equivocal
1: faint or trace positive staining
2: strong positive staining

Negative: 0
Positive: 1, 2
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by regularly reviewing batch controls and daily 
positive and negative controls.

14.3.4  Macrophage Antibody CD68 
(IHC)

One of the earliest and most reliable histologic 
observations in AMR was the accumulation of 
macrophages within capillaries and small venules 
(Lones et al. 1995; Ratliff et al. 1995). As dis-
cussed previously intravascular macrophages can-
not always be reliably differentiated from swollen 
endothelial cells. Staining for macrophage anti-
gen CD68 was adopted by some centers and 

endorsed (along with C4d) in the 2005 ISHLT 
WF (Stewart et al. 2005). CD68 staining is part of 
the 2013 ISHLT WF primary panel for IHC.

Because a small number of resident macro-
phages and circulating monocytes can be present 
in the heart in the absence of rejection, quantita-
tive criteria were needed for the number and dis-
tribution of macrophages seen by CD68 staining. 
The 2013 ISHLT WF defines convincing positive 
staining for CD68 as a chain-like, linear, or bead-
ing arrangement of macrophages within intersti-
tial capillaries and venules (for vessels aligned in 
longitudinal orientation) and clusters or beading 
within lumens (for vessels observed in cross sec-
tion) (Fig. 14.6).

a b

Fig. 14.4 C4d staining profiles by IHC. (Panel a) 
Interstitial capillary captures in cross section show round- 
to-“doughnut” staining. Note the continuous linear stain-

ing pattern in each vessel (×200). (Panel b) In longitudinal 
plane, the outline of the capillaries, including branching 
points, is readily observed (×400)

a b

Fig. 14.5 Artifactual C4d staining patterns. (Panel a) 
Luminal clumps of serum throughout the microvascula-
ture (×400). (Panel b) In addition to serum staining, there 

is patchy incomplete endothelial staining indicative of 
artifactual effect (×400)
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The distribution of CD68+ macrophages, sim-
ilar to C4d, is graded semiquantitatively accord-
ing to percent involvement of the intact biopsy 
surface area (Table 14.2). Focal staining is 
defined as prominent intravascular staining in 
10–50 % of the area, less than that is considered 
negative and more than that is considered multi-
focal/diffuse. Intensity of CD68 does not vary 
appreciably, so it is not a consideration. A posi-
tive CD68 staining result is reported when beads 
or clusters of CD68+ macrophages within inter-
stitial capillaries occupy more than 10 % (focal) 
of the specimen surface area. It is recognized that 
this threshold is arbitrary but was selected to 
emphasize the diagnostic experience that the 
macrophage distribution in AMR is more than an 
occasional intravascular presence. Further, its 

prognostic significance has not yet been estab-
lished. A negative CD68 staining result is 
reported when less than (<10 %) of the specimen 
surface area contains intravascular macrophages 
as described above. Any equivocal or confusing 
result should prompt a discussion with the clini-
cal team to generate a plan for current clinico-
pathologic interpretation and follow-up.

There is ongoing debate whether confirming 
that intravascular activated mononuclear cells are 
indeed macrophages holds the same prognostic 
significance as the demonstration of complement 
deposition. Since intravascular mononuclear 
cells can be appreciated on light microscopy, but 
complement activation cannot, some consider the 
ISHLT WF grading criteria that allow intravascu-
lar activated mononuclear cells and positive 

a b

c d

Fig. 14.6 Intravascular macrophages and CD68 staining 
patterns. (Panel a) Scanning magnification showing numer-
ous intravascular cells creating a busy pattern of activated 
mononuclear cells (H&E ×200). (Panel b) At high-power 
magnification, the linear arrangement of intravascular mac-

rophages is confirmed (H&E ×400). (Panel c) Low-power 
CD68 staining by IHC shows linear, bead-like profiles 
throughout the biopsy (×100). (Panel d) CD68 staining at 
higher magnification shows intravascular localization 
within capillaries and venules of macrophages (×200)
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CD68 immunopathology as separate factors to be 
“double counting” the same biologic phenome-
non. The rationale for this, ostensibly, is that the 
additive value and specificity of CD68 justify 
separate scoring since in some cases intravascu-
lar macrophages may be present in significant 
numbers but not readily apparent on H&E sec-
tions. Furthermore, distinguishing interstitial 
versus intravascular macrophages is aided con-
siderably by CD68. In fact, toggling slides under 
the microscope between the H&E and CD68 can 
be very helpful in localizing macrophages, and 
there are often more CD68-positive cells than 
expected when a careful comparison is made.

A recent study provided some reassurance as 
to the validity of CD68 staining. Fedrigo and col-
leagues correlated C4d and CD68 staining in 
serial transplant biopsies and found that early 
after transplantation intravascular macrophages 
predict capillary C4d deposition, circulating 
DSAs, and clinical symptoms (Fedrigo et al. 
2013). Interestingly, the correlation and predic-
tive ability diminished later in the posttransplant 
course.

Lastly, the significance of CD68+ intravascu-
lar macrophages in the absence of morphologic 
features (pAMR1-I+) is unknown, but this pat-
tern is less frequent and warrants follow-up clini-
cal and serologic evaluation and continued 
immunostaining of subsequent cardiac 
specimens.

14.3.5  Anticomplement 
Antibody C3d

Staining for complement component C3d is not 
widely used in practice currently but is gaining 
implementation. Technically, the C3d immunos-
taining by paraffin section IHC commonly pro-
duces extensive nonspecific background that 
renders interpretation and staining assessment 
unreliable. For this reason, its use has been 
largely restricted to frozen tissue IF, and pub-
lished clinical correlation experience is limited to 
a few centers (Moseley et al. 2010; Tan et al. 
2009). Tan and colleagues have reported that 
there is diminished overall survival in patients 

with clinical dysfunction, positive DSA, and both 
C3d and C4d deposition. This suggests that pro-
gression down the complement cascade was not 
impeded by complement regulators after C4 
cleavage (which precedes C3 cleavage) and likely 
resulted in membrane attack complex formation 
and cell damage.

For IHC methods, the 2013 ISHLT WF cur-
rently places C3d in the secondary/optional panel 
group, pending further experience by transplant 
centers. A recommendation was made to each 
center that was interested in elaborating the 
potential diagnostic and prognostic utility of C3d 
by IHC to optimize their protocols and evaluate 
results in structured scientific studies. For centers 
utilizing the IF technique, C3d is listed in the pri-
mary panel of antibody selection. The diagnostic 
criteria for staining intensity and distribution are 
similar to the C4d thresholds for both IHC and IF 
(Fig. 14.7).

14.3.6  HLA-DR

HLA-DR is part of the primary recommended IF 
panel in the 2013 ISHLT WF. HLA-DR is consti-
tutively expressed by myocardial capillary endo-
thelial cells in cardiac allografts. As such, this 
stain aids in assessing capillary integrity, particu-
larly in the setting of recurrent AMR episodes 
and in severe AMR, and is comparable to vascu-
lar markers, CD31 and CD34 by IHC. The distri-
bution and intensity of staining are less important 
than the morphologic appearance of capillaries at 
higher magnification. Crisp linear staining is 
seen in intact vessels. In the setting of capillary 
injury, the staining pattern appears frayed and 
feathered around the capillary circumference 
(Fig. 14.8). In our experience toggling between 
C4d/C3d and HLA-DR-stained slides aids in this 
assessment.

14.3.7  Fibrin

The antibody against fibrin is included in the sec-
ondary/optional panel for IF. In severe AMR, 
endothelial cell injury activates the coagulation 
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system, which leads to the generation of fibrin 
with or without occlusive thrombi formation. 
Although fibrin may be observed on H&E slides 
when there are occlusive microthrombi, the small 
caliber of capillaries and transient nature of 
thrombi due to serum plasminogen and other 
thrombolytic factors complicate the diagnostic 
assessment. Fibrin staining by IF is technically 
difficult and challenging to interpret. When con-
vincingly positive, the pattern appears as diffuse 
flare-like radiations emanating from the capillar-
ies. This likely represents increased capillary per-
meability and leakage of fibrin into the 
interstitium. Its presence signifies (and correlates 
with) more severe AMR episodes, but fibrin 
staining can also be seen in capillary injury from 
other causes.

14.3.8  Immunoglobulin Antibodies

The morphological alterations of AMR reflect the 
interaction of antibodies with endothelial cells, 
so staining to detect immunoglobulins seems 
intuitive. However, unlike the covalent linking to 
endothelial surface molecules that occurs with 
C4d, immunoglobulin binding to endothelium is 
weaker and more transient. Routine staining for 
immunoglobulin heavy and light chains is rarely 
positive, even when complement fixation can be 
demonstrated (Rodriguez et al. 2005). Positive 

immunoglobulin staining may occur in the 
absence of AMR, such as in perioperative isch-
emic injury and in patients treated by OKT3 anti-
body. Nevertheless, staining for IgG and IgM 
remains part of the routine panel at some institu-
tions. IF staining for immunoglobulin is classi-
fied in the secondary/optional panel in the 2013 
ISHT WF.

14.3.9  Anticomplement Antibodies 
C1q/C3c

C1q deposition is a feature of complement activa-
tion along the classical pathway. Some studies have 
evaluated C1q and/or C3c deposition in screening 
for AMR, but these complement split products, like 
the immunoglobulin components, are not cova-
lently bound to endothelial cells and are considered 
not reliable for the IF diagnosis of AMR.

14.4  Pathologic Grading 
and Reporting 
of Cardiac AMR

As previously mentioned, the 2013 ISHLT WF 
states that diagnosis of AMR is rendered by 
pathologists separately from clinical parameters 
and DSAs. AMR is reported as “pathologic AMR 
or pAMR” and graded on the basis of a combina-

a b

Fig. 14.7 C3d staining profiles by IHC. (Panel a) The 
typical artifactual background staining that is observed on 
most cases of C3d-stained slides (×200). (Panel b) 

Positive C3d staining showing strong diffuse staining of 
the interstitial capillaries. C4d was also positive in this 
case (×125)
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tion of histopathologic and immunopathologic 
findings as outlined in Table 14.4.

Obviously, pAMR is only one of the factors in 
the expression of humoral activation, and it 
should be incorporated in the overall clinical situ-
ation (i.e., clinical dysfunction as well as the 
presence of DSAs) in order to reach therapeutic 
decisions.

14.5  Controversies and Challenges 
in Cardiac AMR

The 2013 ISHLT Working Formulation (and its 
preliminary version in 2011) has now been uti-
lized by cardiac pathologists for a few years. 
Although one of the recommendations of the 
working group was the request for periodic 

a b

c d

Fig. 14.8 C4d, C3d, and HLA-DR staining profiles by IF. 
(Panel a) Positive C4d staining showing strong diffuse 3+ 
staining throughout the microvasculature (×200). (Panel 
b) A similar staining pattern for C3d with diffuse 2+ stain-
ing intensity (×200). (Panel c) The normal staining pattern 

for HLA-DR showing crisp outlines of the capillaries 
throughout the biopsy (×200). (Panel d) HLA-DR stain-
ing displaying frayed, inhomogeneous staining of dam-
aged capillaries following repeated episodes of AMR 
(×200)
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 reassessment of the scheme to examine areas of 
successful application and deficiencies, it seems 
prudent to highlight specific areas of controversy 
and potential difficulty. Some of these reflect 
technical issues, while others center on interpre-
tative areas and problems that should be evalu-
ated by single-center or multicenter studies. A 
number of issues have already been addressed in 
the discussion of individual components of the 
pathologic evaluation of AMR, but key aspects 
will be now highlighted.

14.5.1  Mononuclear Cells: What Is 
Activated? Distinguishing 
Interstitial from Intravascular 
Cells

After assessing specimen adequacy, most 
pathologists proceed to evaluate the endomyo-
cardial biopsy for the presence or absence of 
ACR. This presumes an appreciation for the 
“normal” or quiescent myocardium. In adults 
this is usually straightforward, but pediatric 
endomyocardial biopsies can be more challeng-
ing. The relative size and number of myocyte 
nuclei imparts a “more cellular” appearance of 
the myocardium (Fig. 14.9). The interstitium 
should be carefully assessed at scanning and 
high-power magnification to evaluate the micro-
vasculature and the presence or absence of 

increased cellularity. Familiarity with the range 
of normal changes in the pediatric biopsy is 
essential to avoid the mistake of overestimating 
the presence of activated mononuclear cells. 
Activated mononuclear cells whether they are 
macrophages and/or swollen endothelial cells 
produce the appearance of luminal narrowing at 
high-power magnification.

The primary morphologic finding that should 
raise consideration for the possibility of AMR is 
the presence of activated mononuclear cells. As 
previously discussed, the distinctions of intravas-
cular from interstitial localization and macrophage 
versus other types of inflammatory cell or endothe-
lial cells can be challenging in some cases. The 
problem of localization can usually be resolved by 
IHC. We find that the combination of CD31 (vas-
cular marker), CD68, and a pan-T-cell marker such 
as CD3 is helpful to distinguish the different cell 
types. At scanning magnification diffuse mild ACR 
imparts a “busy” appearance in the myocardial 
interstitium and can mimic AMR. CD3 can also 
provide immunophenotypic support for the mor-
phologic impression of mixed diffuse mild ACR 
and AMR in cases of mixed rejection. Intravascular 
T-cells are usually sparse or limited to occasional 
collections. Transformed large lymphocytes and 
immunoblasts can be difficult to distinguish from 
macrophages or hyperplastic endothelial cells, and 
IHC can resolve this problem.

Table 14.4 ISHLT Working Formulation for cardiac antibody-mediated rejection

Grade Definition Substrates

pAMR 0 Negative for pathologic AMR Both histologic and immunopathologic 
findings negative

pAMR 1: indicative of possible pathologic AMR

pAMR 1 (H+) Histopathologic AMR alone Histologic findings present and 
immunopathologic findings negative

pAMR 1 (I+) Immunopathologic AMR alone Histologic findings negative and 
immunopathologic findings positive 
(CD68+ and/or C4d+)

pAMR 2 Pathologic AMR Both histologic and immunopathologic 
findings present

pAMR 3 Severe pathologic AMR Interstitial hemorrhage, capillary 
fragmentation, mixed inflammatory 
infiltrates, endothelial cell pyknosis and/
or karyorrhexis, and marked 
edema + positive IHC/IF
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It should be emphasized that “activated 
mononuclear cells” can be seen in a variety of 
settings other than AMR. In general these pat-
terns tend to be focal in distribution rather than 
the diffuse arrangement of AMR. Ischemic 
injury, whether found early after transplant on 
account of ischemic/reperfusion injury or late 
onset due to TAV, produces focal zones of endo-
thelial swelling, myocyte damage, and limited 
mixed inflammatory infiltrates. Likewise, the 
leading edge of a Quilty B lesion can produce 
reactive changes in the microvasculature. 
Attention to the focality of the changes, timing 
of the biopsy, and other findings will resolve the 
majority of cases; IHC can be useful in the 
remainder.

A more vexing dilemma for pathologists is the 
localization of macrophages. The distinction of 
interstitial from intravascular locales, whether by 
H&E or CD68 staining, requires an accumulated 
experience and patience. Careful toggling 
between the H&E and CD68 stain is very helpful 
in our experience. The CD68 stain accentuates 
the intravascular macrophages as linear streaks at 
scanning magnification. At high-power magnifi-
cation, expansion of the luminal spaces and the 
clustering effect of the macrophages provide sup-
port for intravascular distribution (Fig. 14.6).

Combined CD31 (or CD34) and CD68  
IHC staining may be helpful to identify the  

intravascular versus extravascular localization of 
macrophages.

14.5.2  Mixed Cellular and Antibody- 
Mediated Rejection

Mixed ACR and AMR as defined by the 2013 
ISHLT WF requires the presence of mononuclear 
cell infiltrates of ACR together with the histo-
pathologic and/or immunophenotypic findings of 
AMR in a biopsy specimen. In our experience 
concurrent mild ACR (often diffuse mild rejec-
tion/Grade 1B in 1990 ISHLT grading scheme) 
and AMR are not uncommon (Fig. 14.10). Less 
frequently we encounter moderate or severe ACR 
and AMR (Fig. 14.11). Each component should 
be evaluated and graded separately according to 
ISHLT criteria. We use CD3 staining to confirm 
the presence of T-cells in the sample but not to 
screen for or grade the ACR component. Further, 
the attendant mimics for each type of rejection 
such as Quilty effect or ischemia should be care-
fully evaluated before establishing the diagnosis. 
The clinical significance and treatment aspects of 
mixed ACR and AMR are not yet fully eluci-
dated. Therapeutic intervention is initiated for the 
treatable grades of ACR (moderate and severe 
ACR). In some centers, the decision to treat AMR 
is reconsidered following the resolution of the 

a b

Fig. 14.9 Normal pediatric endomyocardial biopsy. 
(Panel a) Scanning power magnification of a quiescent 
biopsy in a 3-year-old child after transplant. The biopsy 
has distinctive features from an adult endomyocardial 

biopsy (H&E ×200). (Panel b) High-power magnification 
of the same biopsy showing plump myocyte nuclei but 
indiscernible endothelial cells (H&E ×400)
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ACR episode. The prognostic significance of 
mixed ACR and AMR compared to ACR or AMR 
alone has not been widely studied. Kfoury and 
colleagues reported that patients with clinically 
stable mixed ACR and AMR developed greater 
cardiovascular mortality such as sudden cardiac 
death, TAV, heart failure, or cardiogenic shock 
compared to patients with stable ACR (Kfoury 
et al. 2009). At this time, the full clinical impact 
of mixed rejection remains unknown. The diag-
nostic and prognostic roles of myocardial inflam-
matory burden and microvascular injury have 
only recently been addressed (Tavora et al. 2011; 
Fedrigo et al. 2015). We need to further under-
stand the impact the different cellular constitu-
ents and their localization before we can reliably 
determine if ACR and AMR truly represent sepa-
rate or intertwined immunologic processes.

This topic is examined in detail in Chap. 15.

14.5.3  C4d: Technical 
and Interpretative Issues

In the majority of cases, the interpretation of C4d 
staining is generally straightforward. The pres-
ence of weak or strong multifocal or diffuse 
staining constituents a positive finding, and the 
staining profile of interstitial capillaries should 
be “linear endothelial staining producing a 
“donut” or “elliptical” pattern” (Berry et al. 
2013). That said, there are a number of C4d stain-
ing results that are encountered that are either 
mimics of endothelial staining or patterns that are 
of uncertain significance at this time. These 
include serum staining that is characterized as 

a b

c d

Fig. 14.10 Mixed mild acute cellular rejection and AMR. 
(Panel a) The endomyocardial biopsy shows cellular infil-
trates at low-power magnification (H&E ×125). (Panel b) 
At higher magnification both interstitial and activated 

mononuclear cells are appreciated (H&E ×200). (Panel c) 
CD3 confirms the morphologic impression of mild ACR 
(×125). (Panel d) C4d staining of the same piece shows 
positive C4d staining (×200)
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partial or complete luminal aggregates of C4d 
immunoreactivity or incomplete, granular rather 
than ringlike endothelial staining of capillaries, 
venules, or arterioles (Fig. 14.5).

Another pattern that has been described in the 
IF literature and occasionally encountered in IHC 
staining is the fine, perimyocytic staining of some 
or all the myocytes in the biopsy specimen 
(Fig. 14.12). Following an episode of AMR, it 
could reflect endothelial injury and seepage of 
complement from the intravascular to interstitial 
spaces. The clinical significance in IHC is 
unknown, and careful attention to the positive 
and negative controls is recommended to ensure 
that the antibody titers are accurate. If persistent 

we recommend both careful clinical evaluation 
including DSA testing and re-titering of the anti-
body. Necrotic myocyte fibers will stain strongly 
against C4d: this artifactual result is observed in 
ischemic/reperfusion injury early after transplant 
(Fig. 14.13).

Perhaps the most challenging problem that 
pathologists encounter in the evaluation of C4d 
staining is the recognition of diffuse weak endo-
thelial staining. In our experience, this distinction 
from artifactual serum staining of the microvas-
culature poses an important decision point: the 
classification of pAMR 0 versus pAMR 1-I+. 
Helpful clues include the presence of serum 
staining and irregular, granular endothelial  

a b

c d

Fig. 14.11 Mixed moderate acute cellular rejection and 
AMR. (Panel a) Dense mononuclear inflammatory cell 
infiltrates are observed at low-power magnification, and 
myocyte damage is present suggesting a high-grade ACR 
(H&E ×200). (Panel b) CD3 stains some T-cells in this 

focus, but the staining was variable in the sample (×400). 
(Panel c) Strong C4d staining of the microvasculature 
(×400). (Panel d) CD68 showing intravascular and inter-
stitial macrophages (×400)
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staining in artifactual C4d staining compared to 
the linear, uniform staining of C4d in 
AMR. Attention to both the external control 
stained slides and internal controls such as C4d 
staining of larger vessels also helps resolve diffi-
cult cases. We report equivocal or unresolvable 
cases as equivocal in the pathology report and 
communicate the diagnostic difficulty with our 
clinical colleagues and classify the pattern as 
pAMR 0. IHC staining is repeated on the subse-
quent endomyocardial biopsy.

14.5.4  How Quickly Do C4d and C3d 
Disappear After Treatment?

The resolution of an AMR episode requires the 
restitution of normal myocardial morphology and 
the elimination of antibody deposition and/or 
intravascular CD68+ macrophages. The recom-
mendation of the 2013 ISHLT WF is to continue 
immunostaining until this occurs. The challenge 
lies in determining the pace of resolution. In 
ACR most episodes of moderate rejection resolve 

Fig. 14.12 Perimyocytic C4d staining by IHC. The sig-
nificance of sarcolemmal staining of myocytes by IHC is 
unknown. Possible explanations are leaking capillaries in 

the setting of microvascular injury or nonspecific staining 
artifact (×400)

a b c

Fig. 14.13 C4d and C3d staining of necrotic myocytes. 
(Panel a) H&E stain showing subendocardial vacuoliza-
tion and hypereosinophilic necrotic myocytes (H&E 

×100). (Panel b) C4d stain highlights the necrotic fibers 
but is of no clinical significance (×100). (Panel c) A simi-
lar staining profile is observed with C3d (×100)

14 Pathology of Antibody-Mediated Rejection



238

within a few weeks after therapy. In AMR there is 
limited published data in the IF literature and 
none in the IHC literature. Tan and colleagues 
reported that C3d staining was eliminated before 
C4d and cleared at a pace of 2–4 weeks earlier 
than C4d (Tan et al. 2009). Anecdotal experience 
in the IHC realm supports this finding (Fig. 14.14). 
The rate of C4d clearance can be protracted 
emphasizing the need to continue  immunostaining 
all positive biopsies until resolution of the AMR 
episode.

14.5.5  Early- Versus Late-Onset AMR: 
Are They Different?

As previously discussed the initial AMR expe-
rience reported most episodes occurring within 
the first weeks or months after transplantation, 
but cases occurring years following transplant 
are now more frequently recognized. The initi-
ating events in the late cases are often unknown, 
but episodes of infection and moderate or 
severe ACR following noncompliance have 
been associated with aggressive and often 
poorly responsive forms of AMR in our 
experience.

There are a number of studies showing the 
association of late-onset AMR and the develop-
ment of TAV and other late complications of 
transplantation (Coutance et al. 2015). The inves-
tigation of histopathologic and immunopheno-
typic differences between early- and late-onset 
AMR has been recently studied. Fedrigo and col-
leagues compared the frequency of intravascular 
macrophages in early AMR (defined as within 1 
year of transplant) and late AMR (defined as after 
1 year) as a predictor of AMR (Fedrigo et al. 
2013). Intravascular macrophages were found 
more frequently in association with C4d + biop-
sies in early AMR (70 %) compared to late AMR 
(30 %) suggesting that their presence is time 
related. A similar pattern was found for the pre-
dictive value of intravascular macrophages for 
positive DSA in early and late AMR. Intravascular 
macrophages were also more common in symp-
tomatic AMR patients versus asymptomatic 
patients within the first year, but this was not 

observed in the late-onset group. Yerly and col-
leagues evaluated the prevalence of C4d and 
CD68 with respect to the pathologic grades of 
AMR during the first posttransplant year (Yerly 
et al. 2015). The presence of pAMR2 correlated 
with both clinical symptoms and positive 
DSA. Most cases of C4d + CD68+ biopsies 
occurred within the first 4 months (with highest 
incidence at 2 weeks) after transplant and then 
diminished. Further, pAMR1-I+ biopsies also 
showed a “decrescendo pattern” after 4 months. 
Additional studies are needed to confirm these 
sets of observations. The role of molecular analy-
sis and evaluation of other markers of AMR may 
provide additional insights into the initiation, 
progression, and cessation of 
AMR. Immunohistochemical staining of endo-
thelial cell activation by way of mammalian tar-
get of rapamycin (mTOR) effector markers, 
phosphorylated-S6 kinase and S6 ribosomal pro-
tein, has been shown to be helpful diagnostic 
markers of AMR (Li et al. 2015; Tible et al. 
2013). Differential microRNA expression has 
been shown to occur both in serum and in cardiac 
tissue in patients with allograft rejection (both 
ACR and AMR). Duong Van Huyen and col-
leagues found 7 miRNAs expressed in biopsy 
samples, of which four of the seven demonstrated 
serologic expression (Duong Van Huyen et al. 
2014). Gene expression assessment has been 
recently shown to be predictive of renal allograft 
loss in patients with early biopsy-proven AMR in 
kidney transplant recipients (Loupy et al. 2014). 
Extension of these techniques to cardiac recipi-
ents will hopefully provide similar prognostic 
information for patient management and 
surveillance.

14.5.6  Is Pediatric AMR Different 
from Adult AMR?

Most of our current diagnostic and prognostic 
information about AMR derives from clinico-
pathologic studies in adults. There are fewer 
than ten detailed morphologic studies of pediat-
ric AMR in the published literature, and the 
majority were published prior to or do not utilize 
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the 2013 WF guidelines (Casarez et al. 2007; 
Chen et al. 2015; Everitt et al. 2012; Holt et al. 
2008; Knecht et al. 2015; Peng et al. 2013; Xu 

et al. 2013; Zinn et al. 2014). In all but one study, 
C4d and/or CD68 was applied and IF was used 
in only one of the studies. In most of the studies, 

a b

c d

e f

Fig. 14.14 C4d and C3d staining patterns following ther-
apeutic intervention. (Panel a) Activated mononuclear 
cells in an emergent biopsy 1.5 months after transplant in 
a 12-year-old boy with hemodynamic compromise (H&E 
×200). (Panel b) Numerous CD68+ intravascular macro-
phages (×200). (Panel c) Strong C4d staining confirming 
the diagnosis of pAMR 2 (×400). (Panel d) C3d also 

showed strong positivity in the same biopsy sample 
(×400). (Panel e) C3d staining 2 months after therapy 
showing poorly localized faint staining of the microvascu-
lature (×250). (Panel f) The concurrent C4d stain showing 
persistent strong linear endothelial staining indicating the 
resolution process is initiated with C3d diminished stain-
ing before C4d (×200)
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some degree of mixed ACR and AMR was 
apparent, but the prevalence was variable. Many 
of the issues presented above also pertain to 
pediatric AMR such as the incidence and preva-
lence of AMR; the pace of development and 
resolution of AMR episodes; the risks for devel-
opment of accelerated TAV, cardiovascular mor-
tality, and graft loss; and the biologic and 
prognostic differences between early- and late-
onset AMR. As previously discussed, there are 
inherent differences between the histologic 
appearance of the myocardium in pediatric com-
pared to adult biopsies in the quiescent state that 
need to be considered in the morphologic assess-
ment of biopsy findings so as to avoid misinter-
preting the histopathologic criteria. As most 
pediatric centers perform less than 20 transplants 
annually, additional, large center single- and 
multicenter studies are needed to resolve these 
challenges.

14.6  Future Directions

Tremendous progress in our understanding of 
cardiac AMR has been made over the last 25 
years. That said, there remains much to be unrav-
eled, clarified, and expanded. Many of these 
issues have been enumerated in our discussion of 
AMR, and others will proceed from newer 
insights and unresolved questions. The 2013 
ISHLT WF attempts to incorporate our current 
level of understanding into a manageable para-
digm for pathologists to apply to endomyocardial 
biopsy samples in their daily practice. Its utility 
and reproducibility await further testing and 
application to clinical practice and multicenter 
studies. The question of when to initiate therapy 
is a clinical decision that can only be established 
by single-center and multi-institutional treatment 
trials. The role of molecular pathology in the 
diagnosis and grading of AMR and, in particular, 
C4d-negative AMR is another unresolved issue. 
The experience may parallel the renal transplant 
literature, but detailed studies will need to be per-
formed. The next decade of clinical and basic 
research will surely prove to be exciting and 
fruitful.
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15.1 Background

Criteria for T-cell-mediated cellular rejection 
(CR) as well as antibody-mediated rejection 
(AMR) are well defined in the working formula-
tions published by the International Society for 
Heart and Lung Transplantation (ISHLT WF) 
(Stewart et al. 2005; Berry et al. 2013), and these 
are a major focus of this book. The mechanisms 
underlying CR and AMR are distinct but are not 
necessarily mutually exclusive. In some cardiac 
allograft biopsies, features of both CR and AMR 
may be seen concurrently (Fig. 15.1). This has 
been termed as “mixed” rejection (MR) and has 
been described in the early case series detailing 
the features of AMR (Lones et al. 1995; 
Hammond et al. 1989) and is briefly acknowl-
edged in the 2013 ISHLT WF for AMR (Berry 
et al. 2013).

Patients may also have variation in patterns of 
rejection over time, such that one biopsy might 
show only CR but a subsequent biopsy AMR and 
vice versa. In this sense, there may also be a 
“mixed” pattern of rejection for a given patient, 
even though both processes are not seen simulta-
neously in the same biopsy tissue. This phenom-
enon at the patient level raises the question of 
possibly cross activation of T-cell and B-cell 
arms of immunity (i.e., one type of rejection 
occurring first and then initiating events that sub-
sequently lead to the other form of rejection). 
Data are very sparse on this concept, though there 
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are potential mechanisms whereby this could be 
explained immunologically.

The prospect of such a causal link between the 
different arms of the immune system is intrigu-
ing. If such a link exists, then “mixed rejection” 
defined at the level of a single biopsy as well as at 
the level of a patient transitioning between types 
of rejection may be the same process, just viewed 

at different points in time. That is, patients whose 
biopsies show concurrent CR and AMR in the 
same tissue may have had fortuitous sampling 
during the window when both are present, and 
patients whose biopsies show only one pattern in 
one biopsy and the other pattern in another biopsy 
may have had tissue sampling on either side of 
that window.

a b

c d

Fig. 15.1 (a) Transplant endomyocardial biopsy showing 
two foci of perivascular lymphocyte inflammation 
(arrows), consistent with cellular rejection. In the back-
ground, the capillaries appear congested and show promi-
nent intravascular mononuclear cells [H&E, ×100]. (b) 
Immunofluorescence staining for HLA-DR (expressed on 

endothelial cells) shows a pattern of capillary injury. 
Rather than crisp, linear staining the capillaries have a 
frayed or feathery outline [×100]. (c, d) 
Immunofluorescence staining for C4d (c) and C3d (d) 
show diffuse positive capillary staining [×200]
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Alternatively, CR and AMR may not be linked 
causally at all and may follow separate discrete 
pathways such that their simultaneous occurrence 
in a biopsy showing MR may just be coinciden-
tal—a random intersection. It is also possible that 
both of these scenarios occur and that patients may 
show varying degrees of cross talk between CR 
and MR. The severity or intensity of the immune 
response may also impact the extent to which 
cross activation occurs. Unraveling this compli-
cated conundrum and clarifying the underlying 
mechanisms at play will be a daunting puzzle.

This chapter focuses on reports of MR in the 
literature, overlapping morphologic and immuno-
pathologic features between AMR and CR that 
have relevance for MR and possible mechanisms 
for cross activation between cellular and humoral 
immunity that may help conceptually account for 
MR and serve as possible avenues for further 
investigation. The available data on clinical impli-
cations of MR will also be summarized briefly.

15.2  Review of Other Reports 
Detailing MR

The phenomenon of MR is mentioned in several 
reports (Kfoury et al. 2009; Hammond et al. 2005; 
Taylor et al. 2000) but only reported in detail or as 
a specific emphasis in a few. Since AMR was not 
widely recognized until the mid- 1990s, there are 
no reports earlier than this. One of the first reports 
to detail MR found that 50 % of patients with 
AMR, defined by the authors using both immuno-
pathologic and histologic criteria, also had mild 
CR (Lones et al. 1995). Less than 5 % of these 
patients in their series were said to have severe 
CR, though these biopsies were not described in 
further detail. In another review and summary of 
rejection patterns from published literature, Book 
et al. described “fulminant” MR as tending to 
occur early (within 4 months posttransplant) and 
portending a poor prognosis (Book et al. 2003). 
More recently, abstracts have been published 
describing MR (defined as positive C4d and pres-
ence of CR) manifesting as mild rejection in 39 % 
of biopsies and severe in 2 % (Fedrigo et al. 2014). 
Defining MR more rigidly (as ≥2R CR with 

 positive C3d and C4d), Tan et al. reported (Tan 
et al. 2014) MR in <1 % out of 332 patients.

More recently, Loupy et al. found that explant 
and biopsy specimens previously classified as 
moderate ACR at their institution often showed 
evidence of microvascular inflammation as well. 
Donor-specific antibody was also present in the 
serum of these patients more often than expected 
(Loupy et al. 2011). Tavora et al. also reported 
“endotheliitis” in up to 10 % of biopsies initially 
read as ACR. A third of these also had clinical/
serologic evidence of AMR (Tavora et al. 2011).

MR is addressed in the ISHLT WF for AMR, 
where it is defined as the presence of ACR and 
AMR concurrently in the same biopsy. In the 
report of the ISHLT Working Group’s multicenter 
digital pathology slide study, it was “not uncom-
mon to find the pattern of both AMR and low- 
grade ACR” in the same biopsy (Berry et al. 
2013). The 2013 ISHLT WF includes a caveat for 
interpreting immunopathology in possible mixed 
rejection cases, namely, that C4d and CD68 
stains should be “assessed on intact myocardium 
away from areas of ACR, Quilty lesions, biopsy 
site scars, and ischemia-related inflammation and 
necrosis.” It also acknowledges that there may be 
some morphologic overlap between ACR and 
AMR in some patterns of rejection, particularly 
the former “1B” type ACR in the 2005 ISHLT 
scheme (discussed below). Lastly the 2013 
ISHLT WF provides a “soft” suggestion that 
ACR grade ≥2R may be another indication for 
adding immunopathology (if not done routinely) 
given the apparent higher incidence of MR in 
severe rejection episodes (Berry et al. 2013).

15.3  Morphologic 
and Immunopathologic 
Overlap Between AMR 
and CR

The histopathologic manifestations of CR include 
infiltration by T lymphocytes in clusters that may 
or may not be associated with myocyte injury. 
The hallmarks of AMR include accumulation of 
intravascular mononuclear cells as well as 
 demonstrating evidence of complement activa-
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tion or intraluminal macrophages by immuno-
pathologic methods. In general, CR and AMR 
are relatively easy to separate and in most cases 
of mild MR give the overall appearance of two 
separate but overlaid processes (Fig. 15.2). Foci 
of CR, for example, may be observed in immuno-
histochemical (Fig. 15.3) or immunofluorescence 
(Fig. 15.4) stains for complement.

There are cases, however, which present a 
challenge for pathologic interpretation. While 
intravascular macrophages are typically associ-
ated with AMR and T-cell infiltrates are associ-
ated with CR, Fedrigo et al. have demonstrated 
substantial numbers of T cells in the setting of 
AMR as well as macrophages in cases of CR 
(Fedrigo et al. 2015). As described in the 2013 
ISHLT WF, some features of severe CR and AMR 
overlap. Severe AMR is described as showing 
“Hemorrhage, interstitial edema, myocyte necro-
sis, capillary fragmentation, [and] mixed inflam-
matory infiltrates…” (Berry et al. 2013) 
(Figs. 15.5 and 15.6). The 2005 revised ISHLT 
WF for CR describes grade 3R rejection as “…a 
diffuse inflammatory process [with] either pre-
dominantly lymphocytes and macrophages or a 
polymorphous infiltrate…multiple areas of asso-

ciated myocyte damage…[with] edema, intersti-
tial hemorrhage and vasculitis …” (Stewart et al. 
2005). Both descriptions include hemorrhage and 
myocyte damage, for example.

As mentioned before, the similarities between 
AMR and CR, when moderate, were recognized 
by Loupy et al., who observed that “cases previ-
ously classified as 3A/2R cellular rejection in the 
ISHLT consensus actually show evidence for 
microvascular injury and donor specific antibody, 
thus suggesting that a substantial part of at least 
grade 2R rejections may indeed be associated 
with DSA and may represent mixed rejection” 
(Loupy et al. 2011).

Neutrophils and eosinophils are more often 
seen in AMR (Fig. 15.7), especially early in 
AMR (Berry et al. 2013), but severe CR is also 
said to show a “polymorphous” infiltrate that 
may include these cell types. Some of the early 
reports of severe CR appeared before AMR (so 
by extension MR) were recognized and must be 
considered in that context (Billingham et al. 
1990; McAllister 1990). Widespread myocyte 
injury is a fairly constant feature reported in 
these. When diffuse damage is seen, it can be 
 difficult to separate severe CR from severe AMR 

a b

Fig. 15.2 (a) Transplant endomyocardial biopsy show-
ing mixed rejection, with areas of cellular rejection 
(arrows) and a “busy” appearance in the surrounding 
myocardium caused by aggregation of intravascular 
mononuclear cell [H&E, ×100]. (b) Immunoperoxidase 

staining in this case demonstrated positive capillary 
staining for C4d. A minor focus of cellular rejection 
(arrow) is also seen at the top right. Swollen endothelial 
cells and intravascular mononuclear cells can be seen 
within capillaries as well [×400]
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(or MR). Ultrastructural studies have suggested 
an important difference however. The injury to 
myocytes in CR is more often sublethal and 
reversible, whereas in severe AMR, the cell 
necrosis is more complete (Myles et al. 1987; 
Hammond and Yowell 1994).

Complement activation and deposition is 
almost pathognomonic for AMR and for all intents 
and purposes does not occur in CR. Complement 
staining may be seen in and around injured myo-
cytes regardless of etiology (ischemia, CR, or 
AMR). The myocyte staining pattern, as opposed 
to capillary pattern, helps avoid confusion and 
inaccurate stain interpretation. Artifactual comple-
ment staining may also cause confusion, espe-
cially with paraffin immunohistochemistry, but 
strict adherence to the ISHLT WF definitions of 
positive staining (considering both the intensity 
and distribution of staining) helps reliably AMR 
from artifactual staining in CR. Alternate mecha-
nisms of  complement activation resulting in posi-
tive capillary staining (other than AMR) have been 

Fig. 15.3 By immunoperoxidase staining, both the his-
tomorphologic features of the biopsy and the expression 
of complement C4d can be assessed. This photomicro-
graph shows mixed rejection with an area of cellular 
rejection (arrows) as well as positive C4d staining and 
intravascular mononuclear cells (ISHLT 2013 1R, 
pAMR2) [×400]

Fig. 15.4 Using DAPI nuclear counterstaining, the fea-
tures depicted in Fig. 3 can be partly recapitulated by 
immunofluorescence techniques. This slide showed posi-
tive staining for C3d and a collection of nuclei (arrows) 
whose size and morphology suggest lymphocytes in a 
small focus of cellular rejection. There also appear to be 
excessive nuclei within positively staining capillaries, 
consistent with intravascular activated mononuclear cells 
[×200]

Fig. 15.5 Severe antibody-mediated rejection manifests 
as widespread diffuse inflammation that is both intravas-
cular and interstitial. It is difficult to appreciate any open 
lumens of the venules or capillaries, and in fact some of 
them appear to be overrun, injured, and destroyed. The 
myocytes also show diffuse injury. This appearance may 
be complicated by hemorrhage, edema, and neutrophils as 
well. Positive complement staining is important in estab-
lishing a diagnosis of severe AMR (versus severe cellular 
rejection) [×100]
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proposed. These include the alternative pathway 
or mannose- binding lectin pathway in the context 
of ischemic injury (Loupy et al. 2011).

“Vasculitis” is another feature which has been 
reported as a feature of both CR and AMR, at the 
severe end of the spectrum for each (Figs. 15.8 
and 15.9). This usually manifests as intimitis or 
intimal arteritis, but transmural inflammation 
may also be seen. Since AMR was once synony-
mous with “vascular” rejection, there is a ten-
dency to assume vasculitis is more specific for 
AMR. However cases showing clear-cut CR have 
also demonstrated this feature (Tavora et al. 
2011; Johnson et al. 1989; Hammond et al. 1991).

15.4  Mechanisms of Immune 
Cross Activation in MR

The overlapping features mentioned above may 
provide insights into common pathways and pos-
sible cross activating mechanisms between the 
cell mediated and humoral arms of the immune 

Fig. 15.6 Interstitial edema is prominent in AMR, espe-
cially severe episodes. This has also been observed in 
severe cellular rejection, so is one of the overlapping fea-
tures that raises the possibility of cross activation or a final 
common pathway of rejection changes. True edema 
includes a pale, loose, finely fibrillar extracellular matrix 
material in the interstices between cells. This helps in dis-
tinguishing edema from artifacts of processing and 
microtomy [×50]

Fig. 15.7 In more severe rejection episodes (whether 
AMR, cellular, or mixed), there may be prominent 
eosinophils (arrows) as part of the inflammatory infil-
trate [×200]

Fig. 15.8 This transplant endomyocardial biopsy shows 
a mixed pattern of rejection, with prominent intravascular 
mononuclear cells within myocardial capillaries on the 
left side and a discrete mass-forming collection of inflam-
matory cells to the right (asterisk). There is an area within 
the inflammation that appears to be a small branch vessel 
with transmural inflammation (arrow) [×200]
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system. These are entirely speculative at this 
point, but several mechanistic hypotheses exist.

The capillary endothelium is considered the 
primary point of contact between donor-reactive 
antibody and the graft in AMR. Capillaries are 
also affected in CR, since they are the conduit 
and migration portal for T cells and other leuko-
cytes. It is possible that endothelial activation 
(usually associated with AMR) may be triggered 
by capillary level changes in CR, especially in 
more severe cases.

Several studies have also shown a role for 
coagulopathy in the potentiation of rejection, 
especially in AMR. This includes loss of anti-
thrombin III, release of tissue factor, accumula-
tion of fibrin, and aggregation of platelets 
(Labarrere and Jaeger 2012). Myocyte and vascu-
lar injury that occurs in cellular rejection may 
also result in similar pro-thrombotic events.

Compromise of capillaries and microenviron-
ment ischemia, possibly exacerbated by coagu-
lopathy, may also account cell injury and 
triggering of immune response in a cyclical 

feedback loop. The perfusion/reperfusion phe-
nomenon could complicate this mechanism fur-
ther. These potential mechanisms may have 
particular relevance to innate immunity (e.g., 
neutrophils and NK cells). A possible role for 
activation of T-cell and B-cell pathways via 
innate immune mechanisms has recently been 
postulated based on molecular signatures 
(Hidalgo et al. 2010).

 Conclusion

Pathologic observations from several studies 
seem to lend credence to the concepts of MR 
as both a coincidental occurrence of CR and 
AMR as independent processes (in cases of 
mild MR) and as a non-coincidental “final 
common pathway” (in moderate/severe MR). 
The first of those scenarios is much more 
common, but the second is particularly intrigu-
ing and deserves further validation and explo-
ration. Regardless of severity, MR is most 
often seen following an inflammatory state in 
a previous biopsy, again suggesting a possible 
role of cross talk between the different arms of 
the immune system. Severe MR (like severe 
CR and severe AMR) portends a significantly 
worse prognosis.

Much more work is needed to demonstrate 
the clinical and prognostic import of MR and 
elucidate potential mechanisms of cross acti-
vation that may exist in the coordinated 
immune response to the cardiac allograft.

Fig. 15.9 This transplant endomyocardial biopsy 
included a substantial portion of small muscular artery 
that is inflamed. There is intimal arteritis and some appar-
ent lymphocytes in the adventitia as well. Curiously, the 
adjacent myocardium shows only mild equivocal features 
of AMR. Arterial inflammation has been described in both 
cellular and antibody-mediated rejection, another overlap-
ping feature raising the possibility of shared or cross acti-
vating mechanisms between these two arms of the immune 
response [×50]

Key Points

• It is not uncommon to find features of 
both AMR (ISHLT pAMR2) and mild 
CR (ISHLT 1R) occurring in the same 
biopsy.

• Severe CR (ISHLT 3R) and AMR 
(ISHLT pAMR3) share overlapping 
morphologic features including:
 – Edema
 – Polymorphous inflammation
 – Vasculitis
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• The mechanisms underlying CR and 
AMR are distinct but are not necessarily 
mutually exclusive.

• “Cross talk” between cellular and 
humoral arms of the immune system may 
occur via intermediaries such as comple-
ment, the coagulation system, innate 
immune cells, or endothelial activation.
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16.1  Background

Heart transplant patients undergo scheduled 
endomyocardial biopsies (EMBs) as part of their 
routine management. Protocols require frequent 
biopsies in the early postoperative period fol-
lowed by a decrease in frequency. EMBs are 
done for the assessment of rejection, but a range 
of other pathologies or histological findings may 
be seen and need to be recognised and distin-
guished from the changes of cellular and 
antibody- mediated rejection, as the management 
is usually different.

These other conditions are related to the time 
from transplant and to the profile of each patient 
and are influenced by immunologic and non- 
immunologic factors. They can manifest with 
histopathological substrates that need to be dif-
ferentiated from rejection as most of them share 
with rejection the key features of inflammation 
and myocardial damage.

Some of these findings are more common, 
others are very rare on EMBs, and each of them 
will be discussed in detail in the chapter.

• Peritransplant injury
• Quilty lesion/effect
• Previous biopsy site
• Subepicardial tissue
• Myocyte calcification
• Intravascular lymphocytes
• Foreign body
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• Tricuspid valve fragments
• Liver fragments
• Late ischaemic damage
• Infection
• Recurrence of primary disease
• Post-transplant lymphoproliferative disorder 

(PTLD)
• Artefacts (contraction bands, telescopic 

effects, haemorrhage, clot)

16.2  Peritransplant Injury

There are several causes of myocyte injury before 
and during the process of transplantation. 
Myocyte injury often occurs in the donor prior to 
organ donation, due to effects of hypovolaemia/
hypoxia and vasoconstriction related to both ino-
tropic drugs used to support the circulation and 
catecholamine storm which occur after head 
injury, particularly sudden onset ‘explosive’ head 
injuries and brain death. There may also be coag-
ulation changes and fluctuations in hormone and 
electrolyte levels which affect blood pressure and 
organ perfusion generally. Inotropes result in 
varying degrees of contraction band necrosis and 
in microinfarcts, when coagulative necrosis 
occurs and activates complement. This can be 
detected with anti-complement antibodies, e.g. 
anti-C4d or anti-C9, before becoming histologi-
cally visible as hypereosinophilic myocytes, but 
in routine practice, it is usually readily identifi-
able on the haematoxylin–eosin-stained sections. 
Contraction band necrosis is initially negative 
with these antibodies; however over the days this 
starts to become positive (Ferreira et al. 1998).

Mouse studies have shown complement depo-
sition in hearts from brain-dead donors, and this 
correlates with myocyte changes after transplan-
tation. Studies on the limited number of heart 
transplant recipients whose donors were not brain 
dead (‘domino’ hearts) confirm that these are less 
prone to early myocyte damage and also less 
likely to develop acute rejection. Donors may 
have also suffered other injuries and are likely to 
be in intensive care units with ventilatory and 
possibly circulatory support. The hormonal and 
cardiovascular effects of brain death may vary 

depending on the speed of onset of brain damage, 
whether ‘explosive’ or gradual (Atkinson et al. 
2013).

Pre-existing donor-derived coronary athero-
sclerosis can favour acute ischemic damage in 
the graft during the agonal period, the organ har-
vesting and the reperfusion process. This coro-
nary atherosclerosis may have been unrecognised 
at the time of harvesting and may show acceler-
ated progression during follow-up.

During procurement of the heart, there is a 
brief period of warm ischaemia before it is chilled 
by perfusing with cold preservation solution fol-
lowed by cold storage in the preservation solu-
tion on ice and transportation to the site of the 
recipient. This period is termed the cold isch-
aemia time and is longer than the initial warm 
ischaemia time. Here injury can occur due to 
cold, which results in inactivation of the sodium–
potassium pump, the preservation solution per se 
which may cause some cellular injury and 
hypoxia. Prior to transplantation the preservation 
solution is washed out, and there is a second 
period of warm ischaemia during the transplanta-
tion of the heart. After transplantation the heart is 
perfused by the recipient’s warm oxygenated 
blood, and a paradoxical second phase of injury 
occurs related to the production of free radicals – 
the reperfusion injury. Any operative difficulty in 
restarting the transplanted heart will add to the 
burden of peritransplant damage to the new 
organ. In Table 16.1 various peritransplant injury 
phases are shown.

The changes of peritransplant injury in the 
endomyocardium are seen early after transplan-
tation within 6 weeks or even up to 3 months 
after transplant. Pathologic findings of peri-
transplant injury include myocardial oedema, 
with fluid separating myocytes and endothelial 
activation, foci of contraction band necrosis and 
myocyte fragmentation or coagulative necrosis, 
associated or not with scant inflammatory infil-
trate composed of neutrophils and macrophages, 
sometimes haemosiderin laden. The main fea-
ture which allows the pathologist to differenti-
ate peritransplant damage from rejection is that 
the degree of myocyte injury, which is usually 
multifocal throughout the myocardium, tends 
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to be out of proportion to the inflammatory 
infiltrate compared to that seen in cellular rejec-
tion, as the cause of necrosis is ischaemia and 
the reactive inflammatory infiltrate is sup-
pressed by immunosuppressive treatment 
(Fig. 16.1). Recently, in routine practice, C4d 
immunostaining is frequently used to differen-
tiate peritransplant damage from rejection if 
required in difficult cases, as C4d labels isch-
emic myocytes (Fig. 16.2). As the injury 
resolves with time, vascularised loose fibrous 
tissue replaces the damaged myocardium, often 
in a subendocardial distribution. Cardio-
myocytes in the subendocardium may maintain 
their integrity, since they are protected by oxy-
gen diffusion from the intracavitary blood. 
Macrophages can be identified, both in the 
interstitium and in the areas of loose connective 
tissue, often containing haemosiderin pigment 
and so resembling areas of previous biopsy site 

damage. Table 16.2 summarises the key histo-
logic features helping in distinguishing peri-
transplant damage from rejection findings.

It should be remembered that all EMBs have 
contraction bands due to the procedure, so that 
these should be carefully distinguished from the 
real contraction band necrosis, which may be 
related to peritransplant injury.

16.3  Quilty Effect

These are the most problematic lesions to differen-
tiate from rejection and are thought to account for 
the majority of cases called grade 2 rejection in the 
old ISHLT 1995–2004 grading system. A Quilty 
lesion is a discrete endocardial-based mononuclear 
cell infiltrate that may extend into the underlying 
myocardium and be associated with apparent myo-
cyte damage. Occasionally the Quilty lesion may 
look like an ‘organoid’ follicle (see below). Quilty 
lesions do tend to have a denser infiltrate than 
rejection and can often be seen by macroscopic 
examination of the slide, unlike rejection. If the 
biopsy is tangentially cut, it can be difficult or 
impossible to demonstrate their endocardial origin, 
even after examination of multiple levels. They are 
composed predominantly of T lymphocytes, which 
comprise more than 50 % of the infiltrate, with B 
lymphocytes and macrophages being present in 
lesser amounts. Sometimes these lesions can be 
organised in a follicular pattern, which have a cen-
tral B lymphocyte component with supporting  

Table 16.1 Phases of peritransplant injury

1. During agonal events in the donor

2.  Short period of warm ischaemia during organ 
procurement

3.  Period of cold storage in hyperosmolar preservation 
solutions

4.  Warm ischaemic period during the transplant 
procedure

5. Perfusion process

6.  Injury related to drugs or hypovolaemia on restarting 
the heart if any initial poor function occurs

Stages 2–5 are termed ischaemia/reperfusion injury (IRI) 
or more accurately preservation–reperfusion injury (PRI)

a b c

Fig. 16.1 Peritransplant injury. Post-transplant biopsies 
ranging from 7 to 21 days showing fragmented or hype-
reosinophilic myocytes, some with coagulation necrosis 
(a, b, haematoxylin–eosin, ×200) and scant inflammatory 

infiltrated (b). In (c) (haematoxylin–eosin, ×400) a more 
advanced lesion with necrotic myocytes, mononuclear 
inflammation and haemosiderin-laden macrophages is 
shown (Courtesy of Dr. O. Leone)
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follicular dendritic cells surrounded by T lympho-
cytes. The follicular dendritic cell framework 
becomes increasingly extensive in larger lesions 
(Sattar et al. 2006). Small capillary-sized blood 
vessels, with high endothelial venule (HEV) fea-
tures, are frequently present within the lesions. 
Immunohistochemistry may be helpful in demon-
strating the zonation of Quilty lesions with the cel-
lular composition in some areas differing from that 
of rejection and in identifying the dendritic compo-
nent of the infiltrating cells (CD21- positive  
staining) and the rich neovascular net (CD31-/
CD34-positive staining). The morphologic  

similarity of Quilty lesions with the features of a 
tertiary lymphoid tissue can suggest an attempt to 
mount a local response to persistent alloantigen 
stimulation (Di Carlo et al. 2007). This is in con-
trast to rejection where the same cells are present, 
but without their organisation into compartments 
and lacking follicular dendritic cells and a vascular 
component. In the old 1990 classification, Quilty 
lesions were described as superficial (Quilty A) 
and deep (Quilty B): the former lacks myocyte 
damage, as the infiltrate is less extensive; in the lat-
ter inflammatory cells can be massive and infiltrate 
the underlying myocardium and are often associ-
ated with apparent myocyte injury (Fig. 16.3). 
Staining and evaluation of the intermediate slides 
in serial sections can help trace the myocardial 
lesion back to an endocardial origin.

16.4  Previous Biopsy Site

During the first few weeks to months after 
transplantation, EMBs are likely to be taken on 
several occasions. The biopsy forceps tend to 
follow the same path, and often the site of heal-

a b

Fig. 16.2 Post-transplant EMB with an extensive area of myocyte necrosis (a, haematoxylin–eosin, ×25) highlighted 
with C4d immunostaining (b, ×25)

Table 16.2 Features that help distinguish peritransplant 
injury from rejection

1.  In peritransplant injury the muscle damage is much 
greater in proportion to the inflammatory infiltrate

2.  Hypereosinophilic coagulative necrosis of the 
myocytes occurs early

3.  The inflammatory infiltrate is predominantly 
macrophages but can consist of neutrophils in the 
early stages, followed by gradual loss of the 
myocytes and a macrophage infiltrate

4. The necrotic myocyte stain with C4d or C9
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ing of a previous biopsy may be included in the 
samples. Fragments of EMBs which are pre-
dominantly previous biopsy sites are excluded 
by protocol from assessment for rejection grad-
ing, as they often include fibrotic reparative tis-
sue/inflammatory granulation tissue or damaged 
myocytes which should not be mistaken for 
rejection.

The biopsy forceps cause a traumatic lesion 
in the myocardium which shows various histo-
logic alterations depending on the time since 
the traumatic lesion. Recent biopsy sites will 
have adherent fibrin and blood clots, which 
organise into granulation tissue and then resolve 
themselves leaving an area of fibrosis and hae-
mosiderin pigment within macrophages. 
Altered myocytes (fragmented, vacuolated, 

hypereosinophilic, coagulated) or necrotic 
traces of myocytes are scattered within the 
reparative inflammatory tissue. Moreover, some 
myocytes, mainly in the border zone between 
injured and normal myocardium, can be hyper-
trophic with giant and aberrant nuclei which 
should not be interpreted as viral cytopathic 
effect.

The clues to differentiating previous biopsy 
site from rejection are the subendocardial posi-
tion, the overlying fibrin if early (assessment 
of multiple levels may be required to see this 
feature), the presence of haemosiderin-laden 
macrophages in intermediate to later lesions 
and the fact that the myocyte injury is usually 
 disproportionately worse than the infiltrate, 
unlike rejection where the myocyte injury is 

a

c

b

d

Fig. 16.3 Quilty lesions. (a, b) Superficial non- 
encroaching Quilty A lesions (haematoxylin–eosin; a, 
×25; b, ×100) showing location and restriction to the sub-
endocardium. (c, d) Deep-encroaching Quilty B lesions 

showing extension of inflammatory infiltrate from the 
subendocardium to the underlying myocardium and 
apparent myocyte damage (haematoxylin–eosin, c: ×25, 
d: ×100)
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the consequence of aggressive significant 
inflammatory infiltrates (Fig. 16.4).

16.5  Subepicardial Tissue

Epicardial adipose tissue is very frequently 
included in biopsies. In those obtained in the 
early post-transplant period, fatty tissue may 
show an inflammatory process related to the 
postoperative pericarditis: inflammation is usu-
ally rich in macrophages and shows reactive 
multinucleate giant cells and areas of fat necro-
sis and fibrin (Fig. 16.5). These findings rarely 
challenge the differential diagnosis of rejec-
tion. Subepicardial tissue implies biopsy of the 
right ventricular free wall, as opposed to the 

septum, and although a usual finding in EMB, it 
should be remembered that when it is abundant 
and includes areas of haemorrhage, a careful 
assessment for evidence of mesothelium should 
be undertaken in order to direct clinicians 
towards possible perforation and check for car-
diac tamponade. Later post-transplant perfora-
tion is unlikely in transplanted patients, as 
pericardial adhesions develop with obliteration 
of the pericardial space.

16.6  Myocyte Calcification

Calcification of myocytes may be seen in EMBs: 
it is a marker of dead myocytes due to severe 
mono/paucicellular damage or may be related to 

a

c

b

d

Fig. 16.4 Biopsy site. Routine post-transplant biopsy 
showing subendocardial location (a, haematoxylin–eosin, 
×25), wedge shape with organising inflammatory tissue 

(b, haematoxylin–eosin, ×100), pigment in macrophages, 
fibrin incorporation and damaged myocytes (c, d: haema-
toxylin–eosin, ×200)
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clinically significant renal insufficiency. 
Calcification may appear as blue dots within the 
cytoplasm and should not be mistaken for  bacterial 
organisms or inclusions (Fig. 16.6): a von Kossa 
stain can be performed for confirmation if the 
diagnosis of calcification is not certain.

16.7  Intravascular Lymphocytes

Small lymphatic vessels may show aggregates of 
lymphocytes within the lumen as a marker of 
‘lymphatic stasis’. This should not be interpreted 
as the intravascular activated mononuclear cells 
of antibody-mediated rejection. The main aspects 
helping to differentiate this finding from humoral 
rejection are:

• The focal nature of the lesion
• The packed appearance of the cells
• The absence of any other histologic feature of 

humoral rejection, especially swelling of the 
endothelial cells

16.8  Foreign Body

A foreign-body-type reaction with multinucleate 
giant cells is most often seen in the epicardial adi-
pose tissue as part of postsurgical pericarditis. This 
finding does not usually determine problems of 
differential diagnosis with rejection. It should be 

noted that focal foreign-body-type giant cell reac-
tion may also be found in the subendocardium of 
the myocardial fragments as a result of the bioptic 
procedure (due to foreign material adherent to the 
forceps), and it should not be considered as related 
to rejection or possible myocarditis.

a b c

Fig. 16.5 Postoperative pericarditis. Post-transplant 
EMBs showing steatonecrotic inflammatory process of 
the subepicardial fat with giant cell reaction and macro-

phage infiltrate on haematoxylin–eosin (a, ×20; b, ×200) 
and on CD68 immunochemistry (c: ×200)

Fig. 16.6 Myocyte calcification. EMB day 8 post- 
transplant showing myocyte calcification (arrows) (hae-
matoxylin–eosin ×200) (Courtesy of Prof A. Angelini)
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16.9  Tricuspid Valve Fragments

Pieces of fibromyxoid connective tissue may be 
included with the endomyocardial biopsy as the 
tricuspid valve is biopsied (Fig. 16.7). Clinically 
significant damage to the valve leading to tricus-
pid regurgitation is a rare occurrence (Saraiva 
et al. 2011).

16.10  Liver Fragments

Positioning of the biopsy forceps within the infe-
rior vena cava may lead to a biopsy containing 
fragments of liver tissue. Fluoroscopic visualisa-
tion of the catheter during the procedure reduces 
the likelihood of malpositioning.

16.11  Late Ischaemic Damage

Late ischaemic damage is characterised by areas 
of myocytes with sarcoplasmic vacuolisation, 
scarcely defined contours or actual coagulative 
necrosis: histologic findings vary with the age of 
the injury.

There are several possible causes of late 
ischaemia:

• Cardiac allograft macrovasculopathy
• Cardiac allograft microvasculopathy

• Antibody-mediated rejection
• Native coronary artery atherosclerosis wors-

ening after transplantation

Biopsy findings in the acute phase are similar 
to those of peritransplant injury (see Table 16.2): 
myocyte necrosis is typically more prominent 
than the neutrophilic inflammatory response. 
Apoptosis of neutrophils follows the initial 
response, and then macrophages move in as the 
necrotic myocytes are removed; the dead myo-
cardium is progressively replaced by fibrous 
tissue.

16.12  Infection

Infections in post-transplant patients are mainly 
systemic; therefore they are monitored by clini-
cians using blood tests to evaluate antigenaemia 
over time and to monitor the therapeutic response 
to antimicrobiological therapy. However, sys-
temic infections occasionally localise into the car-
diac allograft causing an infective myocarditis.

These may occur as a result of one of the fol-
lowing conditions:

• Higher susceptibility to new infections or 
latent native infection reactivation due to 
immunosuppressive regimen

• Acquisition of a new infection from the donor 
when the microorganism is present in the 
transplanted heart

The incidence of infection is higher in the 
early post-transplant period, but it may occur at 
any time.

The principal microorganisms that may be 
transmitted with the donor organ are viruses, par-
ticularly herpesviruses such as cytomegalovirus 
(CMV) and Epstein–Barr virus (EBV), and intra-
cellular parasites such as toxoplasma and try-
panosomes (Chagas’ disease).

Myocardial bacteria colonisation is a rare 
event, and the neutrophil-rich inflammation 
 associated with myocyte necrosis typical of bac-
terial myocarditis can be easily differentiated 
from rejection.

Fig. 16.7 Valve fragments. EMB including a piece of 
chordae tendineae from the tricuspid valve (haematoxy-
lin–eosin, ×100) (Courtesy of Prof A. Angelini)
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Systemic fungal infections are common in 
transplanted patients, even though rarely local-
ised in the myocardium. Differential diagnosis 
with rejection is usually not a problem because 
the inflammatory infiltrates are granulomatous 
and fungal hyphae can be easily recognised on 
histologic sections.

The real challenge in histological differential 
diagnosis with rejection is viral myocarditis, as 
its histopathological features extensively overlap 
those associated with rejection, i.e. the presence 
of lymphocytic inflammatory infiltrates and myo-
cyte damage. However a few hints may facilitate 
the differential diagnosis. The classic example is 
CMV infection, where the typical ‘owl-eye’ 
intranuclear inclusions within enlarged cells will 
permit the aetiological diagnosis, which can be 
easily confirmed by CMV immunostaining. 
Other viruses, such as herpesvirus, can provoke a 
peculiar cytopathic effect in infected cells, there-
fore suggesting a viral aetiology. When suspicion 
arises it is mandatory to perform molecular tests 
on cardiac samples (PCR, polymerase chain reac-
tion) for confirmation.

Patients who are antibody negative for CMV 
pre-transplant are at higher risk of developing the 
disease post-transplant, especially if the donor is 
antibody positive. EBV infections may be pri-
mary (in patients who were antibody negative 
before transplant) or reactivations. As well as 
being a cause of systemic infection, this virus is 
implicated in 80 % of post-transplant B-cell lym-
phomas (see below).

In order to reach a correct diagnosis of viral 
myocarditis, a close interaction between clini-
cians and pathologists is essential. For instance, 
an absent response to classical rejection treat-
ment will raise the suspicion of graft infection in 
the setting of persistence of inflammatory cell 
infiltrates and myocyte necrosis on EMBs.

Lymphocytic myocarditis may also be the 
histologic substrate of parasitic infections, such 
as toxoplasmosis or Chagas’ disease, mixed to a 
variable degree with eosinophils. In toxoplasmo-
sis the diagnosis is based on recognition of the 
intramyocardial cysts, which appear as a collec-
tion of haematoxyphilic ‘dots’ within the cyto-
plasm of the myocyte (Fig. 16.8). Chagas’ 

disease is the major cause of cardiac failure in 
South America where 40 % of transplanted 
patients experience reactivation of myocarditis 
in the graft. It is no longer considered a contrain-
dication to transplantation: reactivation causing 
myocarditis in the new heart is not uncommon 
but can be treated. In parasitic infections the 
lymphocytic infiltrates tend to occur away from 
the infecting organism, so that the inflammatory 
response may be mistaken for cellular rejection, 
especially if the biopsy sampling misses the 
cysts (Fig. 16.9).

16.13  Recurrence of Primary 
Disease

Primary diseases which tend to recur in the car-
diac allograft include sarcoid, giant cell myocar-
ditis and amyloid. The pathologist must be 
informed of the disease of the native heart in 
order to monitor for possible recurrence.

Giant cell myocarditis is an aggressive inflam-
matory condition of unknown aetiology which 
causes rapid onset of cardiac failure and has a 
high mortality even with aggressive immunosup-
pressive therapy. Heart transplant often offers the 
only hope of survival, but recurrence of the 
 disease in the transplanted organ is well recog-
nised and may occur in up to 25 % of cases (Scott 
et al. 2001). Recurrence has been reported up to 8 

Fig. 16.8 Toxoplasmosis cyst and lymphocytic infiltrate 
in EMB (haematoxylin–eosin, ×200) (Courtesy of Prof. 
P. Bruneval)
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years after transplant (Maleszewski et al. 2015). 
The diagnosis can be made on endomyocardial 
biopsy where multinucleate giant cells, extensive 
myocyte damage and necrosis and a polymor-
phous inflammatory infiltrate are seen.

Sarcoidosis is a disease with a protean presen-
tation and is frequently diagnosed only on exami-
nation of the explanted heart. The granulomatous 
infiltrate may be asymptomatic for some time 
and present as the result of extensive fibrosis 
which can cause restrictive or dilated-type symp-
tomatology, or the presentation may be with 
arrhythmia. The presence of the typical granulo-
mata in post-transplant EMBs can guide diagno-
sis, but recurrent disease is rarely of any clinical 
significance (Banga et al. 2015), and again the 
immunosuppressive regime post-transplant is 
likely to suppress the disease systemically and in 
the cardiac allograft.

A recurrence of amyloidosis can be easily 
diagnosed at EMB on histological examination; 
as a noninflammatory process, it does not mimic 
rejection.

16.14  Post-transplant 
Lymphoproliferative 
Disorder (PTLD)

The incidence of PTLD ranges from 2 to 6 % in 
heart transplants, and it is the third leading cause of 
death in these patients. More than 50 % of patients 
with PTLD present with extra-nodal masses, but 
involvement of the cardiac allograft or develop-
ment of lymphoma in the heart is rare: in one meta-
analysis, it is reported as 7.3 % of heart transplant 
patients with PTLD (Khemad and Taheri 2011). In 
those with allograft involvement, the PTLD tends 

a

c d

b

Fig. 16.9 Chagas’ disease. EMB showing acute (a, b: haematoxylin–eosin, ×100, ×200) and chronic (c, d: ×100, 
×200) trypanosomiasis of the myocardium (Courtesy of Prof. G. Berry)
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to involve multiple organs and to occur earlier post-
transplant with a poorer outcome compared to 
those with PTLD at another site. There is a higher 
incidence of PTLD in patients who received higher 
levels of immunosuppression.

PTLD may present as a polymorphous, poly-
clonal lymphoplasmacytic proliferation or can be 
a high-grade lymphoma composed of large 
poorly differentiated cells. In the former case, it 
may be difficult to distinguish it in an EMB from 
Quilty effect or rejection: in the latter immuno-
histochemistry may be required to distinguish it 
from other types of poorly differentiated malig-
nancy or from rejection.

The lesions range from lymphocyte hyperpla-
sia to frank lymphomas, and have been divided 
into four basic histological types in the 2008 
WHO classification of tumours of haematopoi-
etic and lymphoid tissues (Table 16.3) (Parker 
et al. 2010).

In early lesions there is preservation of under-
lying tissue architecture with mixed B and T lym-
phocytes and plasma cells. Two histological 
patterns are seen:

 1. Plasmacytic hyperplasia
 2. Infectious mononucleosis-like

They are usually polyclonal and usually posi-
tive for EBV proteins by immunohistochemistry 
(LMP1) or EBV-encoded RNA (EBERs) by in 
situ hybridisation.

Polymorphic PTLD is characterised by 
destruction of underlying tissue architecture and 
shows a full spectrum of B lymphocytes. Most of 
these lesions express EBER or LMP1.

In monomorphic PTLD there is architectural 
and cytological atypia of a degree readily classi-
fied as lymphoma on morphological features. It is 
usually B-cell lineage, but some T-cell and natu-
ral killer (NK)-cell lymphomas occur. Most of 
the B-cell lymphomas are diffuse large B-cell 
lymphomas, but Burkitt lymphoma, plasma cell 
myeloma and plasmacytoma-like lesions also 
occur. The B-cell and NK-cell lymphomas are 
usually positive for EBV.

In classical Hodgkin lymphoma type, the 
majority of Reed–Sternberg cells are positive for 
EBERs (Tsao and Hsi 2007). Frequently the 
inflammatory cell infiltrate is characterised by 
abundant plasma cells, raising the suspicion of 
PTLD and triggering further evaluation.

In Western countries 85 % of PTLD is B cell 
and 80 % of these are EBV driven. Thus it is 
important to perform EBV in situ hybridisation 
for detection of EBV viral genome on EMBs if 
PTLD of B-cell origin is suspected, as well as 
molecular analysis for monoclonality of B or T 
cells. It is also important to phenotype the lym-
phocytes because prognosis and treatment differ 
for the rarer NK- and T-cell types.

16.15  Artefacts

Contraction bands are routinely seen in EMBs as 
the fragments of myocardium contract when put 
into formalin. They are not indicative of myocar-
dial damage.

In addition a blood vessel within or at the edge 
of the myocardium pulled out by the biopsy for-
ceps may ‘telescope’ up on fixation so that there 
appears to be folding of a vessel within the 
vessel.

Haemorrhage may frequently be seen within 
the myocardium as a result of trauma during the 
biopsy. Haemorrhage secondary to the biopsy 
procedure can be differentiated from haemor-
rhage seen as part of severe ACR or AMR by the 
absence of associated oedema or inflammatory 
infiltrate or other findings of rejection.

Fragments of mural thrombus from the 
 endocardial surface, often showing a degree of 

Table 16.3 Classification of PTLD

1. Early lesions Polyclonal, positive for 
EBV

2. Polymorphic PTLD Spectrum of B 
lymphocytes, positive for 
EBV

3. Monomorphic PTLD Usually B cell, positive for 
EBV

4.  Classical Hodgkin 
lymphoma type

Reed–Sternberg cells 
positive for EBERs
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organisation, can be sampled instead of the 
myocardium. These may be difficult to distin-
guish from the myocardium macroscopically 
and can lead to inadequate sampling of the myo-
cardium as the clinician mistakes them for myo-
cardial tissue.

Key Points

• Although EMBs are mainly done to 
assess rejection, a range of other pathol-
ogies or histological findings may be 
found and need to be recognised and 
distinguished from the changes of cel-
lular- and antibody-mediated rejection.

• Some of these other conditions/findings 
are easily distinguished from rejection; 
others share with rejection the key features 
of inflammation and myocardial damage.

• These findings arise from different 
situations:
 – The transplant process (peritrans-

plant injury)
 – The immunosuppressive therapy 

(Quilty effect)
 – Biopsy procedure (previous biopsy 

site; subepicardial tissue, foreign 
body, tricuspid valve fragments, liver 
fragments) or biopsy preparation 
(artefacts)

 – Events or pathologies/complications 
occurring post-transplantation (myo-
cyte calcification, intravascular lym-
phocytes, late ischaemic damage, 
infection, post-transplant lymphop-
roliferative disorder, recurrence of 
primary disease)

Illustrative Case (Fig. 16.10)

A patient was retransplanted for diffuse 
graft vasculopathy 6.5 years post-heart 
transplantation for alcoholic 
cardiomyopathy.

On macroscopic examination the explanted 
heart had scattered whitish areas in the 
ventricular myocardium, the most exten-
sive in LV inferior wall (Fig. 16.10a).

Microscopically these consisted of large 
lymphoid aggregates within the myo-
cardium, associated with infiltration and 
destruction of the myocardium 
(Fig. 16.10b). There are prominent ves-
sels with plump endothelium within 
these nodules (Fig. 16.10c).

The infiltrate consisted of B-cell aggre-
gates (CD20+, CD79a+, Bcl2+, CD5- 
and CD10-) surrounded by CD3+ T 
cells with scattered macrophages. There 
were no CD30-positive blasts. CD21- 
positive follicular dendritic cells were 
present within the B-cell areas. There 
was no evidence of EBV infection with 
LMP1 and EBERs being negative. 
Molecular assessment of the B and T 
cells showed a polyclonal population of 
cells.

Conclusion: The pattern of lymphoid infil-
tration is worrying for a PTLD, with 
morphology suggestive of a follicular 
lymphoma. The lack of evidence for 
EBV infection is unusual.

Diagnosis: Suspicion for PTLD (follicular 
lymphoma).

H. Doran and D.A.H. Neil
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Fig. 16.10 Illustrative case. (a) Macroscopic view of a 
mid-slice of the heart with whitish infiltrate of the left ven-
tricle. (b) Histology of the myocardium at low power shows 

infiltration by lymphoid cells (haematoxylin–eosin, ×100). 
(c) At medium power destruction of the myocardium by 
lymphoid infiltrate is evident (haematoxylin–eosin, ×200)
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17.1  Background

The diagnosis of acute cardiac allograft rejection 
in heart transplant patients is challenging because 
it often presents in the absence of symptoms and 
is important because it increases the risk of 
allograft dysfunction, cardiac allograft vasculop-
athy, and death. Since its introduction in the 
1970s, endomyocardial biopsy (EMB) has been 
the gold standard for routine surveillance and 
diagnosis of acute rejection. However, significant 
limitations associated with this invasive tech-
nique have spurred clinicians and researchers to 
develop a noninvasive alternative to endomyocar-
dial biopsy.

Validation of noninvasive markers of heart 
transplant rejection—one of many obstacles 
faced in this quest—is inherently challenging for 
several reasons:

• The limitations of endomyocardial biopsy 
(Table 17.1)

• The large sample sizes required to prove sta-
tistical superiority or equivalence of new mon-
itoring strategies
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• The potentially confounding role of antibody- 
mediated rejection, a less well-understood and 
less easily diagnosed process that has been 
recognized only recently.

Since the majority of clinical studies evaluat-
ing novel noninvasive markers of rejection per-
tain to acute cellular rejection and because of the 
paucity of data regarding the utility of these mak-
ers in the detection of antibody-mediated rejec-
tion, the scope of this chapter will focus 
exclusively on the noninvasive diagnosis of acute 
cellular rejection (ACR).

17.2  Noninvasive Approaches 
for Heart Transplant 
Rejection

17.2.1  Surface and Intramyocardial 
Electrocardiography

A variety of 12-lead electrocardiographic 
changes have been observed during acute rejec-
tion including atrial premature excitation, atrial 
fibrillation/flutter, and low QRS amplitude. These 
observations led to the study of intramyocardial 
electrocardiography (IMEG) using screw-in epi-
cardial biventricular leads for detection of acute 
rejection. Although initial studies demonstrated 
an overall good sensitivity with excellent nega-

tive predictive value (NPV), subsequent reports 
failed to verify the high NPV, thereby limiting 
widespread adoption of this technique. More 
recently, an animal model using a small leadless 
device implanted at the time of transplantation 
has shown 86 % sensitivity and 100 % specificity 
for detection of moderate to severe acute cellular 
rejection (grade ≥2R) (Horai et al. 2009).

17.2.2  Cardiac Imaging

17.2.2.1  Echocardiography
Transthoracic echocardiography is the primary 
noninvasive imaging modality for heart trans-
plant recipients. It is commonly used to assess 
left ventricular (LV) systolic function when there 
is a high suspicion for acute rejection despite 
negative EMB findings and to subsequently mon-
itor allograft function during confirmed 
episodes.

Initial echocardiographic studies focused on 
the increase in LV wall thickness and LV mass, as 
well as the decrease in systolic function during 
acute rejection. However, because these changes 
are not always present and typically occur late in 
the course of rejection, they were deemed too 
insensitive for early detection. The presence of a 
pericardial effusion is also an insensitive marker 
of acute rejection as it is frequently observed, par-
ticularly in the first few months post- transplant, 
regardless of rejection status.

Another approach has been to evaluate the 
diastolic function of the transplanted heart with 
echocardiography. Diastolic dysfunction usually 
precedes systolic dysfunction in acute rejection 
and may provide a more sensitive marker. 
Multiple studies have documented significant dif-
ferences in Doppler filling parameters between 
rejecting and non-rejecting allografts and the 
subsequent normalization to baseline diastolic 
parameters following rejection treatment (Dandel 
et al. 2001; Sun et al. 2005). The wide range of 
accuracy with this method is due to the variability 
in acute rejection diagnostic criteria, small 
 sample sizes, heterogeneity of the patient popula-
tions studied, and the inconsistent definition of 

Table 17.1 Limitations of endomyocardial biopsy

Patient discomfort

Time and resource intensive

Complications
  Pneumothorax
  Tricuspid regurgitation
  Ventricular perforation, cardiac tamponade
  Arrhythmias
  Access site complications

Sampling error (false negative) related to small 
number of samples and patchy distribution of rejection

“Mimics” of acute rejection (false positive): Quilty B 
effect, focal ischemic injury

Inter-observer variability (58 % concordance for grade 
3 acute cellular rejection (ACR))

M.-C. Parent et al.
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diastolic parameters. It is also important to 
emphasize that modifications in diastolic func-
tion may also occur with changes in heart rate 
and loading conditions, such as is observed with 
hypertension or allograft vasculopathy, both of 
which are common in heart transplant recipients. 
A recent meta- analysis concluded that the incon-
sistent quality of the studies and the overall low 
sensitivities do not support the use of traditional 
diastolic indices by echocardiography as a 
screening tool for detection of acute rejection 
after heart transplantation (Mena et al. 2006).

The myocardial performance index (MPI) is a 
combination of Doppler-derived systolic and dia-
stolic time intervals and has the potential to detect 
rejection more accurately than traditional 
Doppler indices. However, the utility of MPI 
requires further validation (Bader et al. 2011).

Strain and strain rate imaging using tissue 
Doppler imaging (TDI) or speckle tracking rep-
resent relatively new methods in echocardiogra-
phy that are used to demonstrate quantitatively 
the changes in dimension of a specific segment 
of the myocardium (Saleh et al. 2011). These 
methods have demonstrated promising results in 
recent studies for early detection of acute cardiac 
rejection (Kato et al. 2010), but have not yet 
been tested extensively. The evaluation of LV 
systolic torsion (LV-Tor) derived from two-
dimensional speckle-tracking echocardiography 
could also be of clinical value for noninvasive 
monitoring of acute rejection in the near future 
(Sato et al. 2011).

In summary, clinical studies have demon-
strated that no single echocardiographic feature 
has enough sensitivity or specificity to detect 
acute rejection. Future studies focusing on com-
binatorial methods, incorporating both diastolic 
and systolic parameters, in addition to newer 
modalities such as strain imaging, may plausibly 
lead to the development and validation of an 
“echo rejection score” (Roshanali et al. 2010). 
Large multicenter studies will be necessary to 
evaluate the utility of echocardiography for 
detection of acute rejection as well as to set cutoff 
values for newly developed echocardiographic 
indices (Kato et al. 2013).

17.2.2.2  Cardiac Magnetic Resonance 
Imaging

Cardiac magnetic resonance (CMR) imaging is a 
potentially attractive screening modality for 
detection of acute rejection. Its lack of ionizing 
radiation and its ability to assess multiple aspects 
of myocardial injury in a single examination 
make it a promising imaging modality. CMR 
imaging is also able to survey the entire myocar-
dium, thereby possibly decreasing the likelihood 
of false-negative results secondary to sampling 
error, as is seen in endomyocardial biopsy.

T2-weighted imaging has been the most 
widely studied sequence in the setting of acute 
rejection. T2 values are known to be prolonged in 
tissues with high water content, which appears 
during tissue injury process, subsequent inflam-
mation, and edema, as is seen in acute myocar-
dial infraction, myocarditis, and acute rejection. 
In the largest human study using T2-weighted 
imaging, T2 relaxation times were higher in 
patients with moderate to severe rejection at 
biopsy (grades 2 and 3, ISHLT 1990 grading sys-
tem) than in those without rejection (60 ± 7 ms vs. 
51 ± 6 ms, p = 0.0001) (Marie et al. 2001). A T2 
value ≥2 standard deviations (SD) of normal 
(i.e., ≥56 ms) was the best cutoff value to sepa-
rate patients with and without grade ≥2 rejection 
with a sensitivity of 89 % and specificity of 70 %. 
This criterion was associated with a high NPV of 
97 %, but with a much lower PPV of 35 %. These 
results need to be interpreted with caution as this 
study primarily recruited patients suspected of 
having acute rejection, thus introducing a poten-
tial sample bias. More recently, T2 mapping 
without contrast has also been tested with sensi-
tivity and specificity of 86 % and 95 %, respec-
tively, using T2 time cutoff of 56.4 ms (Usman 
et al. 2012). The results also suggested that T2 
mapping may be useful for assessing the response 
to acute rejection therapy as resolution of ele-
vated T2 relaxation times indicates that the treat-
ment for acute rejection was successful, whereas 
T2 values that remain elevated may indicate 
ongoing rejection.

Currently, the utility of late gadolinium 
enhancement (LGE) imaging in the transplant 

17 Noninvasive Tools for Monitoring Acute Cardiac Allograft Rejection: State of the Art
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population is unclear as most investigations were 
not performed on patients with acute rejection 
(Steen et al. 2008). The sensitivity of LGE is 
likely insufficient to detect the microscopic and 
diffuse nature of myocyte necrosis that occurs 
during acute rejection episodes; however, cumu-
lative insults may result in patchy myocardial 
fibrosis more easily revealed with LGE (Miller 
et al. 2013). Only limited reports of LGE in the 
presence of acute cardiac rejection have been 
described in the literature, and further studies on a 
larger cohort of patients with acute rejection will 
be needed to adequately validate this approach 
(Estep et al. 2009). However, the presence of 
early gadolinium enhancement has been described 
in the setting of acute rejection due to regional 
hyperemia, vasodilatation, and capillary leakage 
associated with inflammation. A recent study 
found a positive association between rejection 
and early relative myocardial enhancement with 
82 % sensitivity and 79 % specificity (Taylor et al. 
2010). When rejection was defined as an increase 
in early contrast enhancement or myocardial 
edema on T2-weighted imaging (STIR), the sen-
sitivity improved to 100 %, with a minimal reduc-
tion in specificity to 73 % (Taylor et al. 2010).

In the near future, investigational contrast 
agents such as ultrasmall superparamagnetic iron 
oxide (USPIO) particles may improve the sensi-
tivity of CMR in detecting areas of inflammation 
(Wu et al. 2009). When injected intravenously, 
these particles are ingested by circulating macro-
phages. The labeled macrophages migrate into 
the rejecting graft, and in situ macrophage accu-
mulation can be detected as hypointense regions 
on T2-weighted CMR. Although current USPIO 
preparations are safe for human administration, 
there have been no human studies applying 
USPIO-enhanced CMRI for detection of acute 
cardiac rejection to date.

Finally, novel sequences using contrast-free 
T1-mapping and T2-mapping techniques have 
opened a new frontier for the quantitative explora-
tion of tissue characteristics using CMR imaging. 
More studies with contemporary CMR imaging 
platforms and sequences are needed to evaluate 
the sensitivity and specificity for acute rejection 
diagnosis. A systematic rejection scoring system 

with CMR may provide a more standardized 
assessment of rejection (Butler et al. 2009).

17.2.2.3  Nuclear Imaging
Radionuclide imaging techniques have also been 
studied for the noninvasive detection of acute 
rejection. Many cellular components have been 
targeted, including 111indium-labeled antibodies 
targeted to myosin, which is released in the set-
ting of inflammation with disruption of cellular 
membranes (Hesse et al. 1995); 99mtechnetium- 
labeled annexin-V, a marker of apoptotic cell 
death (Narula et al. 2001; Kown et al. 2001); and 
111indium-labeled lymphocytes and 99mtechnetium- 
labeled oligonucleotides complementary to 
mRNA of interleukin-2, which is overexpressed 
during acute rejection (Rubin et al. 1996; 
Gierthmuehlen et al. 2010). However, the clinical 
utility of these imaging techniques has not been 
proven thus far, and the radiation burden associ-
ated with repeated tests is possibly deleterious.

PET imaging was tested recently in a well-
established murine cardiac rejection model. PET 
imaging with [18F]FDG was able to detect heart 
transplant rejection and to monitor the evolution of 
rejection (Daly KP et al. 2015). More recent sys-
tems combining CT imaging with either single-
photon emission computed tomography (SPECT) 
or positron emission tomography (PET) have led 
to improve image quantification. PET/CT imaging 
of monocyte/macrophage infiltration in a murine 
heart transplant model using phagocytosable 
nanoparticles with the long-lived PET isotope cop-
per-64 may offer a quantitative and noninvasive 
alternative to EMB (Ueno et al. 2013).

17.3  Breath Testing

Allograft rejection is accompanied by oxidative 
stress resulting from increased production of 
reactive oxygen species (ROS) in the myocar-
dium. These ROS subsequently degrade cellular 
membranes by lipid peroxidation generating 
alkanes that are excreted in the breath as volatile 
organic compounds (VOCs). Theoretically, these 
VOCs could provide markers of the intensity of 
rejection. A study published by Phillips et al. 
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(2004) demonstrated that breath testing has a 
high negative predictive value to identify grade 3 
rejection (1990 ISHLT grading scheme) and 
could potentially reduce the number of endomyo-
cardial biopsies performed. A multicenter study 
to validate these findings is ongoing (http://clini-
caltrials.gov).

17.4  Biomarkers

17.4.1  Brain Natriuretic Peptide 
(BNP) and N-Terminal Pro- 
brain Natriuretic Peptide  
(NT Pro-BNP)

Studies correlating absolute BNP or NT pro-BNP 
levels with episodes of allograft rejection have 
been sparse and conflicting. However, more 
recent analysis showed that serial BNP monitor-
ing may be effective for clinical and functional 
allograft surveillance if combined with clinical 
examination and/or echocardiography, once rou-
tine endomyocardial biopsies have been discon-
tinued. The main advantage of serial BNP 
monitoring is its wide availability, rapid turn-
around time, low cost, and excellent negative pre-
dictive value of 95–97 % (Kittleson et al. 2009; 
Garrido et al. 2009; Damodaran et al. 2012).

17.4.2  Serum Troponin (TnT, TnI) 
and High-Sensitivity Troponin 
(hs-TnT, hs-TnI)

Since acute rejection is characterized by myocar-
dial cell destruction, the use of cardiac troponin 
(troponin T and troponin I) has been examined as 
a marker of acute rejection. However, most stud-
ies have documented poor sensitivity and inade-
quate negative predictive value for clinical use.

New high-sensitivity (hs) troponin assays are 
approximately tenfold more sensitive than assays 
evaluated in these previous studies (Mohammed 
and Januzzi 2010; Morrow 2009). The perfor-
mance of the hs-cTnI assay for rejection using a 
cut point of 15 ng/L demonstrated a sensitivity of 
94 %, specificity of 60 %, positive predictive value 

of 18 %, and negative predictive value of 99 % 
(Patel et al. 2014). Based on these results, the 
measurement of hs-TnI could be a useful surveil-
lance method to rule out acute rejection, espe-
cially in low-risk subjects. Another study using 
hs-TnT suggested that concentrations <17 ng/L 
may rule out acute rejection with a sensitivity and 
negative predictive value (NPV) of 100 % 
(Méndez et al. 2014). This noninvasive test may 
be particularly useful in patients with contraindi-
cations to EMB and in those with insufficient 
material for histopathologic analysis.

Finally, a multimarker approach using a com-
bination of biomarkers, such as change in BNP or 
NT pro-BNP with hs-TnI/T, may improve on the 
test performance of each assay alone (Dyer et al. 
2012).

17.4.3  Immunologic Biomarkers

The usefulness of a noninvasive biomarker 
resides in its ability to detect early signs of acute 
rejection, as opposed to confirmation of the pro-
cess once it is well underway. As such, markers 
of myocyte death may be inadequate, as they 
reflect late tissue degradation. Growing attention 
has been focused on chemokines, a family of 
powerful small chemotactic peptides that play a 
pivotal role in the control of leukocyte trafficking 
during acute rejection and other inflammatory 
conditions. In particular, CXCL10 constitutes a 
potential biomarker of acute rejection as it initi-
ates and amplifies the host alloresponse (Crescioli 
et al. 2009). A recently described and innovative 
method utilizes integrated RNA data-driven pro-
teomics (IRDDP) to discover candidate pro-
teomic biomarkers of allograft rejection (Chen 
et al. 2010). Using this method, three candidate 
biomarkers were found to be significantly upreg-
ulated in patients undergoing acute cellular rejec-
tion: PECAM 1 (CD31 antigen), CXCL9 (MIG, 
chemokine ligand 9), and CD44 (hyaluronic acid 
receptor). The integration of gene expression 
microarray measurements from disease samples 
with publicly available data sets could be a 
 powerful, fast, and cost-effective strategy for dis-
covering diagnostic serum protein biomarkers.
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17.5  Genomic Markers

17.5.1  Gene Expression Profiling 
(GEP)

Recent studies have investigated the value of 
genomic markers of acute rejection using the 
gene expression profile of peripheral blood leu-
kocytes. In the multicenter Cardiac Allograft 
Rejection Gene Expression Observation 
(CARGO) study, a multigene algorithm based on 
the differential expression of 20 genes (11 infor-
mative, 9 control) in peripheral blood mononu-
clear cells was developed and validated to 
discriminate between a quiescent state (grade 0) 
and moderate/severe rejection (grade ≥2R) in 
cardiac transplant recipients (Deng et al. 2006). 
A scoring system based on the differential gene 
expression profile identified patients at low risk 
for moderate/severe rejection (84 % agreement 
with biopsy results) and an NPV of 99.6 % in 
patients with a score <30 beyond the first year 
post-transplant. This gene expression profiling 
(GEP) technology is now commercially available 
(AlloMap®) and is used at many US transplant 
centers and has become available in Europe in the 
late 2015. Patients who are either more than 2 
months post-transplant with an AlloMap® score 
<20, more than 6 months post-transplant with an 
AlloMap® score <30, or greater than 1 year post- 
transplant with an AlloMap® score <34 have a 
very low risk of acute cellular rejection and there-
fore may not require endomyocardial biopsy 
(Fig. 17.1) (Starling et al. 2006).

The IMAGE study was a multicenter, non- 
blinded, randomized clinical trial that compared 
a noninvasive rejection surveillance strategy 
using gene expression profiling (GEP) with 
AlloMap®, to an invasive endomyocardial 
biopsy-based strategy (Pham et al. 2010). Over 
600 patients between 6 months and 5 years post- 
transplant were randomized. The IMAGE study 
results suggest that GEP with AlloMap® is non- 
inferior to the standard EMB protocols in sur-
veillance for cellular rejection in low-risk 
patients who are more than 6 months post-trans-
plant, utilizing a threshold AlloMap® value of 
34, and resulted in the performance of signifi-

cantly fewer biopsies. Furthermore, a low GEP 
score was associated with a low future risk of 
rejection, suggesting that the test may be useful 
in identifying low-risk patients. It is important 
not to extrapolate these findings to patients felt 
to be at high risk of acute rejection, such as those 
with recurrent or persistent rejection, with recent 
changes to their immunosuppressive drug regi-
mens, or with high-risk demographic profiles 
(e.g., multiparous women, blacks, and highly 
sensitized patients), and on its value in excluding 
antibody-mediated rejection (AMR Mehra and 
Parameshwar 2010; Patel et al. 2011).

The preliminary results of Early IMAGE 
(EIMAGE) study, a randomized trial of 
AlloMap® vs. EMB, were published recently 
(Kobashigawa et al. 2013). This trial recruited 60 
patients in their first year post-transplant, begin-
ning 2 months after transplant. A biopsy was per-
formed if AlloMap® score was >30 in the first 6 
months or >34 in the second 6 months. The pri-
mary endpoint was a composite of death or re- 
transplant, hemodynamic compromise with 
rejection, or graft dysfunction. There was no sig-
nificant difference in the primary endpoint 
between AlloMap® and EAMB groups (p = 0.45), 
and left ventricular ejection fraction was also 
similar. Patient satisfaction score was higher in 
AlloMap® group vs. EMB group (p = 0.003). 
IVUS data that could confirm the safety of this 
approach are still pending.

The variability of GEP test scores within a 
single patient over time may be used to predict 
risk of future clinical events, including allograft 
dysfunction and death. For example, a recipi-
ent predicted to be at low risk for future events 
may become a candidate for further minimiza-
tion of immunosuppressive maintenance regi-
men. Conversely, an individual predicted to be 
at higher risk for future events may receive fur-
ther evaluation to detect possible underlying 
causes of the variability such as overlooked 
infections or noncompliance to medications 
(Deng et al. 2014). Similarly, the results of 
CARGO 2 study showed that after 12 months, 
GEP score instability (p = 0.001) and GEP ≥34 
(p = 0.06) may predict future events (Crespo-
Leiro et al. 2012, 2013).
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A study by McManus et al. evaluated the 
whole blood samples from cardiac transplant 
recipients and identified 12 candidate genes that 
correlated well with acute cellular rejection (sen-
sitivity 83 %, specificity 75 %) (Lin et al. 2009; 
Hollander et al. 2010). Of note, none of the 12 
genes in the panel were identified in 
CARGO. This discrepancy may possibly be due 
to the difference between the whole blood versus 
peripheral blood monocyte samples and to the 

use of different microarrays. There is a prospec-
tive Canadian trial underway testing this bio-
marker panel in multiple independent settings.

Interestingly, there seems to be a common 
immunological mechanism for acute rejection 
across different solid organ transplants. Serum 
proteins highly increased in acute renal trans-
plant rejection were also increased during cardiac 
and liver acute rejection (Khatri et al. 2013). 
Recently, ten genes associated with renal allograft 

Clinic visit
History
Physical Exam
Assess Graft Function
GEP Test

Suspicion of rejection or

Evidence of CHF or

Impaired LV function

Biopsy

Normal H&P
and Echo

GEP score ≥ threshold

Grade ≥ 2R

Rx

Follow
No Biopsy

Grade 0, 1R

Follow
IF GD, work up for
humoral and CAV

2-3 high score with no
significant change with
respect to baseline +
negative biopsy: consider
eliminating surveillance
biopsy

Re-establish baseline after 4-
8 event free weeks and >1-2
weeks after weaning
complete

GEP score < threshold
<20 (3-6), <30 (7-12),
<34 (>12mo)

Fig. 17.1 Proposed rejection surveillance using gene expression profiling (GEP) in stable heart transplant recipients 
(From: Starling et al. 2006)
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rejection in blood were tested in the diagnosis 
and prediction of cardiac allograft rejection (Li 
et al. 2013). The original ten-gene panel was then 
narrowed to a smaller set of five genes (DUSP1, 
FNGR1, MAPK9, PBEF1, and RYBP) that were 
not confounded by clinical variables, such as 
transplant recipient age and sex, time post- 
transplant, or innate immune activation. The five- 
gene panel discriminated acute rejection from 
concomitant CMV infection with 87 % sensitiv-
ity, 90 % specificity, 94 % PPV, and 80 % 
NPV. The high specificity and PPV—features 
unique to the five-gene panel—could help clini-
cians rule in the presence of rejection in contrast 
to AlloMap® testing which can rule out the pres-
ence of rejection by virtue of its high NPV. Further 
studies are required to evaluate the usefulness of 
this gene set as a means to titrate immunosup-
pression in heart transplantation, while reducing 
the need for frequent protocol biopsies.

17.5.2  Genome Transplant Dynamics

Current investigational efforts have focused on 
the detection and quantification of donor-derived 
cell-free DNA (dd-cfDNA) in the peripheral 
blood of heart transplant recipients (Fig. 17.2). 
Instead of monitoring the recipient immune 
response, an assay that directly measures the 
amount of dd-cfDNA, as a marker of graft injury, 
has been developed (Tong and Lo 2006). The 
theory underlying this approach lies in the obser-
vation that cellular rejection results in myocyte 
lysis and apoptosis, causing the release of donor 
DNA into the recipient circulation. Past research 
in solid organ transplantation attempted to iden-
tify cell-free DNA in sex-mismatched female 
recipients of male donor organs, where chromo-
some Y served as the donor genetic signature, but 
these studies disagreed on whether any donor- 
specific signature was detectable in the recipient 
plasma (Lo et al. 1998; Lui et al. 2003). This 
approach was also limited to the case of women 
who receive male organs, which precluded its use 
for most transplant procedures. The new genome 

transplant dynamics (GTD) approach uses high- 
throughput shotgun sequencing techniques to 
identify single nucleotide polymorphism (SNP) 
differences between donor and recipient. It is 
therefore possible to identify and quantify dd- 
cfDNA, regardless of donor and recipient sex. 
Preliminary studies in heart transplantation dem-
onstrated that dd-cfDNA levels increase in the 
recipient plasma during episodes of significant 
cellular rejection (grade ≥2R) (Synder et al. 
2011). Moreover, it was demonstrated that GTD 
is able to detect rises in donor DNA levels prior 
to a biopsy-proven rejection event.

Recently, a prospective cohort study that eval-
uated the performance of dd-cfDNA to detect 
acute rejection after heart transplantation was 
reported (De Vlaminck et al. 2014). A total of 
565 plasma samples were collected longitudi-
nally from 65 adult and pediatric heart transplant 
recipients. The genomes of the transplant donors 
and recipients were characterized using SNP 
genotyping. The SNP genotyping information 
obtained before transplant was used to discrimi-
nate donor- and recipient-derived sequences. 
SNPs were selected from single-base alleles that 
were distinct between donor and recipient and 
homozygous within each individual. The enrolled 
patients had a total of 356 endomyocardial biop-
sies during the study period. Levels of dd-cfDNA 
were significantly lower in stable transplant 
recipients without evidence of rejection (biopsy 
grade 0) than for recipients diagnosed with mild 
ACR (grades ≥1R/1A and <2R/3A) and recipi-
ents diagnosed with moderate or severe ACR 
(grade ≥2R/3A) or AMR. The dd-cfDNA levels 
were significantly higher for heart transplant 
recipients during acute rejection and correlated 
with the severity of the rejection episode as deter-
mined by biopsy (comparing biopsy grades 0 and 
1R/1A and biopsy grades 0 and ≥2R/3A or 
AMR). The data furthermore indicate the poten-
tial for early diagnosis of acute rejection, up to 5 
months before detection by biopsy. Early diagno-
sis, before the appearance of graft damage on 
biopsy, may prevent severe rejection events and 
allograft dysfunction.
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In summary, these findings indicate that dd- 
cfDNA measurements have the potential to 
replace the endomyocardial biopsy and that 
these measurements may even be used for other 
aspects of patient management, such as predic-
tion of rejection events and management of 
immunosuppressant dosing. Donor-derived 
DNA is therefore a promising biomarker for 
acute rejection; however, clinical utility studies 
are required before widespread adoption of this 
approach.

 Conclusion

The search for easily measureable and cost- 
effective biomarkers for allograft rejection 
continues. An improved understanding of 
the physiologic and molecular mechanisms 
of acute rejection has led to the discovery of 
several promising noninvasive alternatives 
to EMB in rejection surveillance, which 

may significantly reduce the number of 
biopsies performed and increase patient 
satisfaction.

Several important questions remain. The 
appropriate criteria for selection of candi-
dates for noninvasive monitoring need to be 
determined; rejection history and other 
post-transplant complications must be con-
sidered. Inclusion of screening strategies 
able to detect both antibody- mediated and 
cellular rejection must also be considered. 
Currently, graft injury after AMR may only 
be detected with dd-cfDNA measurements, 
but the test is not able to distinguish graft 
damage from AMR versus ACR, which have 
different therapeutic consequences and out-
comes. Hence, this strategy may require 
follow-up testing, such as biopsy or mea-
surement of donor-specific antihuman leu-
kocyte antigen antibodies, if rejection is 

Fig. 17.2 Cell-free donor DNA is detectable in greater 
amount in the plasma of the transplant recipients during 
episodes of significant cellular rejection. Cell-free DNA 
collected in plasma contains a majority of molecules 
from the recipient (in blue) but may also include some 
from the transplanted organ (green). Due to the increased 
cell death in the organ during a rejection episode, more 
donor molecules are expected to be present in the blood 

at these times. Shotgun sequencing of the purified DNA 
allows for quantification of recipient versus donor mole-
cules by looking at single nucleotide polymorphisms 
(SNPs) that vary between donor and recipient. Significant 
increases in the percentage of donor-derived cell-free 
DNA may indicate the onset of rejection (From: De 
Vlaminck et al. 2014)
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determined. Also, differentiating AMR 
from a state of accommodation (develop-
ment of donor- specific anti-HLA antibodies 
without graft injury) will be essential to this 
end.

There are likely to be several equivalent 
noninvasive rejection surveillance strategies 
that will depend on patients’ clinical history 
and comorbidities during the first year post-
transplant. An integrated assessment with 
non-genomic and genomic biomarkers, 
echocardiography, and/or functional imag-
ing could provide a more effective, but 
potentially more costly, noninvasive screen-
ing modality. Alternatively, intraindividual 
longitudinal follow-up of biomarkers such 
as BNP, combined with less frequent echo-
cardiography, may be the most cost-effec-
tive approach. Currently, biomarker-based 
strategies may be best employed starting 
several months post- transplant to allow 
host-graft adaptation with respect to hemo-
dynamic, metabolic, and biomarker 
stabilization.

In conclusion, several major limitations in 
the evaluation of noninvasive modalities of 
rejection surveillance remain to be addressed. 
These include the systematic exclusion of 
AMR in the majority of the studies, the inher-
ent limitations of EMB as the gold standard, 
and, more importantly, the lack of appropri-
ately powered and randomized clinical trials 
in this field. Finally, while most recent stud-
ies are looking for a noninvasive substitute 
for biopsies, the more clinically relevant 
objective could be the prediction of future 
rejection that would permit the customiza-
tion of immunosuppressive therapy for indi-
vidual patients before rejection occurs. 
However, the study designs and statistical 
methods suitable to develop such predictive 
models are substantially more complex than 
those suitable for the development of bio-
markers for acute rejection (Hollander et al. 
2013).

Key Points

• Endomyocardial biopsy is still regarded 
as the standard tool for the diagnosis of 
acute myocardial rejection, although 
several methodological limitations 
have been identified since its 
introduction.

• Imaging techniques may be used to diag-
nose graft dysfunction, which can largely 
be related to acute rejection. Cardiac 
ultrasound is routinely used in clinical 
practice, although no single echocardio-
graphic feature has enough sensitivity or 
specificity to detect acute rejection, and 
studies investigating combinatorial 
methods, incorporating both diastolic 
and systolic parameters, are needed. 
Cardiac MRI has the greatest potential to 
develop as a standard imaging technique 
for the diagnosis of rejection.

• Cardiac biomarkers provide controver-
sial information: the pro is that they are 
easily accessible and noninvasive; the 
con is that they often have low 
specificity.

• Molecular biomarkers, including gene 
expression profiling and donor-derived 
cell-free DNA, are the noninvasive tests 
with the highest evidence available sup-
porting a substitution of routine biopsy 
surveillance in clinical practice. The 
cost and need of multicenter reproduc-
ibility, respectively, are the main obsta-
cles to their widespread adoption.

• Future prospective studies aiming to 
validate noninvasive tools for the diag-
nosis of rejection will have to focus on 
clinical outcomes instead of trying to 
replicate the result of the biopsy. 
Histology and immunohistochemistry 
will remain precious tools to finalize the 
diagnosis but could be supplanted for 
routine patient monitoring.
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18.1  Background

Cardiac allograft vasculopathy (CAV) is the com-
plex phenomenon that frequently develops in the 
vasculature of grafted hearts in both adult and 
pediatric cardiac transplantations, leading to 
 progressive stenosing of cardiac vessels. Since 
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the early days of cardiac transplantation it has 
been recognized in patients surviving beyond 1 
month (Bieber et al. 1970; Milam et al. 1970).

Over the years, many synonyms have been 
used by both clinicians and pathologists to iden-
tify this pathologic vascular process: chronic 
rejection, allograft vasculopathy, transplant vas-
culopathy, accelerated atherosclerosis, transplant 
coronary artery disease, allograft arteriopathy, 
cardiac transplant arteriosclerosis, and transplant 
atherosclerosis (Angelini et al. 2014).

Although the posttransplantation interval for 
CAV onset varies, ranging from months to years, 
CAV was always considered a chronic process, 
and the most common term was chronic rejection 
(Bieber et al. 1970; Milam et al. 1970). The term 
CAV is now preferred to chronic rejection for two 
main reasons: (1) a number of nonimmune factors 
contribute significantly to the pathogenesis, and 
(2) the alloimmune responses contributing to the 
disease are basically acute rejection processes, 
namely, acute cellular rejection and antibody- 
mediated rejection. Moreover given that these two 
types of rejection often fluctuate, and are ongoing 
or recurrent, the concepts of acute and chronic 
processes are no longer adequate to explain the 
phenomenology and pathophysiology of immu-
nologic aspects of the various forms of rejection 
as well as the development of CAV.

In this chapter, we will present the clinical 
background of CAV, its imaging, and its pathol-
ogy with controversial aspects and some patho-
physiologic aspects of the disease.

18.2  Risk Factors Influencing 
the Development of Cardiac 
Allograft Vasculopathy

Despite the abundant literature, not a lot is known 
about the risk factors that determine CAV devel-
opment. These factors are both immunologic and 
non-immunologic:

 1. Immunologic risk factors. HLA mismatching, 
humoral immune response against graft anti-
gens, and increased T-helper activity are 
 recognized immune risk factors for CAV 

development. These may activate immune 
inflammation, which in turn activates fibro- 
proliferative processes.

The role of the cumulative effects of recur-
rent rejection episodes is still under debate. 
There is a long-standing controversy as to the 
role of acute cellular rejection in CAV. An 
association between CAV and acute cellular 
rejection had already been reported (Stoica 
et al. 2006; Mehra et al. 1997; Jimenez et al. 
2001; Raichlin et al. 2009; Alexander et al. 
2005), and the most recent paper on this topic 
supports the role of episodes of acute cellular 
rejection ≥ ISHLT grade 2 in CAV (Sato et al. 
2016). Stovin et al. on the other hand found no 
association between CAV and acute cellular 
rejection (Stovin et al. 1993).

Current thinking considers antibody- 
mediated rejection to be more significant than 
acute cellular rejection, and several recent stud-
ies support this association (Loupy et al. 2015; 
Kfoury et al. 2012; Wu et al. 2009; Frank et al. 
2014): in many cases CAV even developed in 
the presence of subclinical antibody- mediated 
rejection. Antibody- mediated rejection seems 
to act as a subtle fluctuating phenomenon, 
which over time produces CAV. In support of 
this, a retrospective study was made of a group 
of patients retransplanted for CAV; their previ-
ous endomyocardial biopsies were found to 
show markers of antibody-mediated rejection 
(C4d deposition, presence of intravascular acti-
vated mononuclear cells within the microcircu-
lation, and/or intravascular CD68-positive 
cells) (Loupy et al. 2015). Recently, Coutance 
et al. (Coutance et al. 2015) reported cases of 
severe, rapidly progressing CAV, in patients 
with de novo immunization and late episodes 
of antibody-mediated rejection after 1 year 
posttransplantation, despite aggressive treat-
ment for rejection.

 2. Non-immunologic risk factors. Besides the 
major contribution of immune risk factors to 
CAV development, the following are also 
involved in varying degrees (Rahmani et al. 
2006):
• The usual atherosclerosis risk factors (hyper-

lipidemia, diabetes mellitus,  hypertension, 
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smoking) (Kapadia et al. 2001; Wenke et al. 
1997).

• Infection which can be linked to onset and 
progression of the disease. Among various 
infectious agents, Cytomegalovirus is the 
most important in CAV development and 
progression. Several studies found a dele-
terious effect of CMV infection in vascular 
cells and/or an association with CAV 
(Delgado et al. 2015; Graham et al. 2009; 
Potena et al. 2006), although the matter is 
still controversial (Sambiase et al. 2000; 
Gulizia et al. 1995).

• C-reactive protein as indicator of an inflam-
matory condition.

• Ischemia-reperfusion injury related to har-
vesting and preservation of the graft as 
central factor in endothelial damage and 
dysfunction (Gaudin et al. 1994).

• Brain death which acts as dramatic central 
injury with its hemodynamic, metabolic, 
and neurohormonal consequences and the 
potential damage to the graft, especially 
vascular injury (Mehra et al. 2004).

• Transmission of donor-related coronary 
artery disease which, although controver-
sial, can progress independently of CAV or 
may accelerate CAV, thus contributing to 
vessel remodeling (Rahmani et al. 2006).

18.3  Clinical Presentation

Though its incidence and mortality have fallen 
somewhat in recent years, CAV remains a major 
cause of late graft failure and death after heart 
transplantation (Lund et al. 2014). It affects 8 %, 
30 %, and 50 % of patients still alive 1, 5 and 10 
years, respectively, after heart transplantation, 
and after 1 year is the main indication for 
retransplantation (Lund et al. 2014). Clinically, 
it commonly presents only in its later stages, as 
progressive heart failure, arrhythmia, or sudden 
death (Hamon et al. 2014; Chantranuwat et al. 
2004). Though myocardial infarction is also 
common, it is generally silent, the cardiac 
denervation consequent upon heart transplanta-
tion  preventing premonitory angina pectoris. 

Any symptoms are thus nonspecific: effort-
related chest pain, dyspnea, diaphoresis, gastro-
intestinal distress, pre-syncope, and syncope. 
Signs suggestive of CAV can appear in echocar-
diograms (mainly left ventricular systolic dys-
function) (Bolad et al. 2006) and on ECGs (both 
atrial and ventricular arrhythmias, but particu-
larly ventricular extrasystoles and conduction 
disorders), but its diagnosis requires appropriate 
imaging studies supplemented by hemodynamic 
data (see below).

18.4  Imaging

18.4.1  Invasive Techniques

• Coronary angiography enables detection of 
coronary luminal narrowing and assessment of 
flow velocity. In coronary angiograms, CAV is 
typically visualized as luminal irregularity or 
concentric stenosis. Table 18.1 and Fig. 18.1 
present the types of lesions of an early classifi-
cation of CAV by Gao et al. (1988). A minor 
limitation of coronary angiography for detec-
tion of CAV is that the lesions can be mim-
icked by vasospasm; however, the two 
conditions can easily be  distinguished by intra-
coronary administration of nitroglycerine. A 

Table 18.1 Angiographic description of cardiac allograft 
vasculopathy

Type of anatomic 
abnormality Description

Type A lesion Discrete or tubular stenosis and 
multiple stenosis in the proximal, 
middle, or distal segment branches

Type B1 lesion Proximal vessel maintaining normal 
diameter with abrupt onset of distal 
concentric narrowing and 
obliterations

Type B2 lesion Gradual transition from the normal 
proximal vessel with tapering, 
concentric narrowing progressively 
increasing in severity distally

Type C lesion Diseased vessel, diffusely irregular 
which has lost small branches with 
terminations, often non-tapered, 
squared off, and ending abruptly

From Gao et al. (1988)
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more basic limitation is that the often diffuse 
and concentric stenosis of early CAV is gener-
ally accompanied by vascular remodeling, 
including vasodilation, with the result that 
angiograms, which of course are luminograms, 
appear normal. Nevertheless, the 2010 ISHLT 
working formulation of a standardized nomen-
clature for CAV (Mehra et al. 2010) is based on 
coronary angiography, partly because of its 
universal availability and partly because cor-
onarograms are in any case necessary for plan-
ning  revascularization procedures. Except for 

the inclusion of hemodynamic considerations 
(evaluated by echocardiography or catheteriza-
tion), the staging criteria of the working for-
mulation, displayed in Table 18.2, are very 
similar to those of the earlier classification of 
Costanzo et al. (Costanzo et al. 1998) 
(Table 18.3), which was adopted in large part 
because, unlike the classification of Gao et al. 
(1988), it had shown prognostic value: 50 % of 
patients with CAV classified as severe by the 
Costanzo system died or underwent retrans-
plantation within 5 years. Baseline coronarog-
raphy is commonly performed 4–6 weeks after 
transplantation to rule out donor-transmitted 
coronary lesions (unless the donor underwent 
catheterization during pre-transplant evalua-
tion of the potential graft). After that, it is gen-
erally performed at 1-year follow-up and then 
every 2–5 years. CAV classified at 1 year post- 
heart transplantation as moderate or severe 
according to the Table 18.2 classification has 
been reported as associated with subsequent 
major adverse cardiac events (Prada-Delgado 
et al. 2012).

TYPE A LESION

TYPE B1 LESION

TYPE B2 LESION

TYPE C LESION

Fig. 18.1 Types of anatomic abnormality in cardiac 
allograft vasculopathy (From Gao et al. 1988)

Table 18.2 International Society for Heart and Lung Transplantation (ISHLT) recommended cardiac allograft vascu-
lopathy (CAV) 2010 nomenclature

Nomenclature Definition

ISHLT CAV0 (not significant) No detectable angiographic lesion

ISHLT CAV1 (mild) Angiographic left main (LM) <50 %, or primary vessel with maximum lesion of 
<70 %, or any branch stenosis <70 % (including diffuse narrowing) without 
allograft dysfunction

ISHLT CAV2 (moderate) Angiographic LM <50 %, a single primary vessel ≥70 %, or isolated branch 
stenosis ≥70 % in branches of two systems, without allograft dysfunction

ISHLT CAV3 (severe) Angiographic LM ≥50 %, or two or more primary vessels ≥70 % stenosis, or 
isolated branch stenosis ≥70 % in all three systems or ISHLT CAV1 or CAV2 
with allograft dysfunction (defined as LVEF ≤45 % usually in the presence of 
regional wall motion abnormalities) or evidence of significant restrictive 
physiology (which is common but not specific; see text for definitions)

Definitions:

(a) A “primary vessel” denotes the proximal and middle 33 % of the left anterior descending

(b)  Artery, the left circumflex, the ramus and the dominant or codominant right coronary artery with the posterior 
descending, and posterolateral branches

(c)  A “secondary branch vessel” includes the distal 33 % of the primary vessels or any segment within a large septal 
perforator, diagonals and obtuse marginal branches, or any portion of a nondominant right coronary artery

(d)  “Restrictive cardiac allograft physiology” is defined as symptomatic heart failure with echocardiographic E to A 
velocity ratio > 2 (>1.5 in children), shortened isovolumetric relaxation time (<60 ms), shortened deceleration 
time (<150 ms), or restrictive hemodynamic values (right atrial pressure >12 mmHg, pulmonary capillary 
wedge pressure >25 mmHg, cardiac index <2 l/min/m2)

From Mehra et al. (2010)
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• Intravascular ultrasound (IVUS) imaging uses 
10–40 MHz ultrasound emitted by a miniature 
transducer at the end of a flexible catheter to 
visualize the walls of coronary arteries 
(Topilsky et al. 2012) (Fig. 18.2) The normal 
coronary artery appears as three zones: a bright 
echo from the intima, a dark zone due to the 
media, and multiple bright echoes from the 
adventitia. Abnormal thickening of the intima 
and the morphology and distribution of plaques 
show up very well. IVUS-measurable param-
eters that have been used to evaluate coronary 
arteries in relation to CAV include intimal 
thickness, maximal intimal thickness, intimal 
index (intimal area/[intimal area + luminal 
area]), change in the maximal intimal index at 
a reference point, and atheroma volume 
expressed as a percentage of the volume within 
the external elastic membrane (PAV). A draw-
back of IVUS is that each artery must be 
explored separately; the greater number of 
arteries explored, the greater the likelihood of 
detecting intimal thickening. In clinical trials, 
the left anterior descending artery was explored 

first, followed by the right coronary artery and 
the circumflex when possible, using automated 
pullback to ensure  consistent sampling and 
facilitate identification of the branch vessels 
used as landmarks. At 1-year follow-up, IVUS 
detects intimal thickening in more than 80 % of 
heart transplantation patients (Tuzcu et al. 
1995), and thickening exceeding 0.5 mm at 
this time has been reported as predicting angi-
ographic CAV, myocardial infarction, and 
mortality within 4 years (Tuzcu et al. 2005). 
However, these findings have not been con-
firmed, and IVUS is still largely used experi-
mentally to evaluate the outcome of therapy.

• Optical coherence tomography and other 
advanced intravascular imaging methods are 
similarly of limited availability. Although 
their high-resolution images allow early detec-
tion of morphological changes in the arterial 
wall, their predictive value remains to be 
determined.

18.4.2  Noninvasive Imaging

• Conventional ECG stress testing is of limited 
value for detection of CAV because basal 
ECG abnormalities are frequent and prevent 
interpretation of ECG changes. However, 
dobutamine stress echocardiography has been 
reported to have a sensitivity of 85 % for CAV, 
with a high negative predictive value, and 
deterioration of dobutamine stress results in 
serial studies is associated with increased risk 
of adverse events (Spes et al. 1999). Stress 
technetium-99m tetrofosmin myocardial per-
fusion imaging has been reported to predict 
cardiac death (Elhendy et al. 2002), and gated 
single-photon emission computed tomography 
(gated SPECT) may be useful for screening 
for myocardial ischemia (Manrique et al. 
2010), but neither of these techniques is as 
sensitive as coronary angiography for CAV 
detection.

• Coronary computed tomography angiography 
(CCTA), which is not only noninvasive, but 
also less costly than conventional angiogra-
phy, is attractive as a potential screening tool, 

Table 18.3 Cardiac allograft vasculopathy (CAV) cate-
gories according to the Cardiac Transplant Research 
Database (CRTD)

Description

Normal No lesions

Mild CAV Left main (LM) < 50 %, or primary 
vessel with maximum lesion < 70 %, or 
isolated single-branch stenosis > 70 %, 
or any branch

Moderate 
CAV

LM 50–69 %, or a single primary 
vessel > 70 %, or isolated branch 
stenosis > 70 % in branches of 2 
systems

Severe CAV LM > 70 %, or ≥ primary 
vessels > 70 %, or isolated branch 
stenosis > 70 % in all 3 systems.

Definitions

“Primary vessels”: the proximal or middle 33 % of the 
left anterior descending, left circumflex, and dominant 
or codominant right coronary artery

“Branch vessels”: the diagonal branches, obtuse 
marginal branches, or the distal 33 % of a primary 
vessel or any part of a nondominant right coronary 
artery

From Costanzo et al. (1998)
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having achieved mean-weighted sensitivities 
of 97 % for any trace of CAV and 94 % for sig-
nificant CAV (stenosis ≥ 50 %) in a recent 
meta-analysis of 30 studies; the respective 
specificities were 81 and 92 %, the negative 
predictive values 97 and 99 %, the positive 
predictive values 78 and 67 %, and the diag-
nostic accuracy 88 and 94 % (Wever-Pinzon 
et al. 2014).

As in the case of other noninvasive techniques, 
a major limitation of CCTA is that it does not reli-
ably detect early or limited disease, particularly in 
the small coronary arteries, although it does appear 
capable of excluding significant CAV in arteries 
susceptible to stenting or surgical revasculariza-
tion. Also, though noninvasive, it shares drawbacks 
with coronary angiography in that its use of iodin-
ated dye increases the risk of renal failure, while 

PV,

VV,
LV,

A

B

VL

VA LA

PA

C

Fig. 18.2 Methods for conducting three-dimensional 
intravascular ultrasound (IVUS) examinations and defini-
tions of IVUS measurements (From Topilsky et al. 2012). 
IVUS is performed during coronary angiography with 
mechanical pullback (0.5 mm/s) usually from the mid-to- 
distal left anterior descending coronary artery to the left 

main coronary artery. Parameters and definitions: VL ves-
sel length, LA lumen area, VA vessel area (media adventi-
tia interface), PA plaque area (difference between VA and 
LA for each two-dimensional image), VV vessel volume, 
LV lumen volume, PV plaque volume, PI plaque index 
(PV/VV) × 100 %
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repeated radiation increases the risk of malignancy. 
Accordingly, current ISHLT guidelines do not rec-
ommend CCTA for monitoring CAV.

18.5  Recommendations

In summary, the five consensus recommendations 
achieved in the current ISHLT guidelines (Mehra 
et al. 2010) were as follows: (1) Coronary angiog-
raphy coupled with assessment of allograft func-
tion maintains the highest level of evidence for 
CAV nomenclature. The advantages of angiogra-
phy are that it is universally available for both 
adult and pediatric patients, clinically accepted 
and applicable at any time in the posttransplanta-
tion process (favorable for longitudinal and snap-
shot assessments); (2) IVUS-detected maximal 
intimal thickness may be most useful for its nega-
tive predictive value at any time after transplant. A 
role for routine IVUS surveillance was not identi-
fied. (3) IVUS-detected first-year change in maxi-
mal intimal thickening (6 weeks to 1 year) is a 
putative surrogate marker for prognosis, but evalu-
ation as a robust marker for reliable late outcomes 
is uncertain and at present should be considered 
investigational. (4) Noninvasive computed tomog-
raphy-based angiography should not be used in a 
manner equivalent to invasive coronary angiogra-
phy for the assessment of CAV. There is lack of 
adequate branch vessel assessment; accuracy, sen-
sitivity, and specificity still remain uncertain in 
heart transplantation and concerns for excess radi-
ation in this vulnerable population exist. 
Furthermore, data providing prognostic outcomes 
are lacking. (5) Endomyocardial biopsy findings, 
immune- based markers, gene-based and protein-
based biomarkers, microvascular function test, 
and stress-based imaging were not recommended 
for inclusion in the nomenclature algorithm as 
markers to define CAV severity. This decision was 
reached due to lack of specificity for diagnosis and 
issues of inherent broad reproducibility.

For practical implementation of this nomen-
clature, it is recommended:

 1. Using a combination of visual angiographic 
vessel descriptors in concert with measures of 
allograft function.

 2. Each angiographic report must include a 
description of the maximum stenosis at the 
level of the left main artery, primary vessels, 
and secondary vessels.

 3. For optimal assessment, resting vasospasm in 
the coronary vessels must be excluded.

 4. Allograft dysfunction must be defined by 
allograft imaging: left ventricular ejection 
fraction coupled with hemodynamic assess-
ment (restrictive physiology), as described in 
Table 18.2.

18.6  Pathology

CAV is a pathological disease of cardiac vessels 
leading to a progressive intimal thickening which 
causes narrowing of the vessel lumen until 
occlusion.

The disease typically involves epicardial coro-
nary arteries and intramyocardial vessels with 
diameter greater than 500 μm (macrovasculopa-
thy) and/or small intramyocardial vessels (diam-
eter <500 μm) (microvasculopathy). Veins and 
venules may also be affected.

Although CAV has long been considered a 
graft arteriopathy, it is now recognized that veins 
and venules may be affected.

Pathologic features are heterogeneous and 
include three main types of lesion (Angelini et al. 
2014; Loupy et al. 2015; Lu et al. 2011; Seki and 
Fishbein 2014; Huibers et al. 2014):

 1. Proliferative/hyperplastic intimal lesions
 2. Vasculitis/perivascular inflammation
 3. Conventional atherosclerotic lesions

It should be noted that even in CAV non- 
culprit and culprit (lesions complicated by throm-
bosis or hemorrhages), lesions may be found.

Although pathologic features of CAV and 
native atherosclerosis may overlap and features 
typical of classical atherosclerosis may be found, 
they are two distinctive diseases in relation to 
onset, to progression, and of course to pathologic 
findings. CAV is often concentric and diffusely 
distributed in the vascular tree.

As de novo proliferative fibrocellular lesions 
and remodeling of the vessel wall due to already 
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existing or superimposed atherosclerotic lesions 
can coexist, it is difficult to give a systematic 
pathologic categorization of CAV lesions or 
explain their origins. So it is time that patholo-
gists worked on a standardized pathological clas-
sification of this important disease in order to 
avoid varying and confusing terminology among 
transplant centers.

18.6.1  Macrovasculopathy

 1. Proliferative/hyperplastic intimal lesions are 
made up by a mixture of fibroblasts, myofi-
broblasts, smooth muscle cells mainly migrat-
ing from the media, and various components 
of extracellular matrix. These lesions are 
typically concentric and may show areas of 
both loose and dense tissue, in keeping with 
the ongoing nature of the disease. The medial 
layer is usually preserved, although it may be 
thinner or show replacement of fibrous tissue 
similar to healed arteritis; the internal elastic 
lamina frequently remains intact or is dupli-
cated (Figs. 18.3 and 18.4). Fibrocellular 
lesions are present in two-thirds of CAV cases 
in the first year after transplantation, but their 
incidence drops markedly in the long term, 
when the fibrolipid plaques are more fre-
quently found (Angelini et al. 2014). The ori-
gin of the migrated smooth muscle cells 

infiltrating the intima and producing extracel-
lular matrix is controversial: either of host 
origin (Atkinson et al. 2004; Shimizu et al. 
2001; Minami et al. 2005) or of donor origin 
(Pober et al. 2014), the latter hypothesis now 
being the more probable.

 2. Vasculitis/perivascular inflammation. Inflam-
mation is a significant component of CAV. It is 
frequently seen and ranges from focal involve-
ment of the intima (endothelialitis) to trans-
mural spreading of inflammatory infiltrates to 
the media and adventitia: the degree varies 
from mild to severe, the latter being more fre-
quently associated with rapid progression of 
the disease (Fig. 18.5). Inflammatory infil-
trates are usually chronic and made up by 
macrophages and T lymphocytes. Adventitial 
inflammation is frequently organized in a 
follicular- like pattern (Seki and Fishbein 
2014).
Several studies have emphasized that athero-
sclerosis plaques associated with CAV are 
more inflamed than those in native atheroscle-
rosis (Lu et al. 2011; Castellani et al. 2014); 
the cell types however do not differ and mac-
rophages are the major component (Fig. 18.6) 
(Angelini et al. 2014).
In spite of this greater inflammation in 
grafted hearts, the prevalence of atheroscle-
rosis in CAV does not correlate with the gen-
eral vascular inflammatory burden within the 

a b c

Fig. 18.3 Macrovasculopathy: early proliferative/hyper-
plastic intimal lesions. Left anterior descending coronary 
artery with an early hyperplastic intimal proliferative 
lesion. (a) Cross section showing the concentric intimal 
lesion, the preserved tunica media, and the fibrotic adven-
titia. (Azan Mallory trichrome, original magnification 
25×). (b) High-power view showing the neo-angiogenesis 

in the adventitia with increased fibrosis (arrow) and the 
abundant extracellular collagen (asterisk) in the intima. 
(Azan Mallory trichrome, original magnification 100×). 
(c) High-power view showing the two-layer stratification 
of the hyperplastic lesion with loose collagen in the outer 
layer (arrow) (Azan Mallory trichrome, original magnifi-
cation 200×)
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vasculature of the grafted heart, i.e., endothe-
liitis, media inflammation, and microvascular 
inflammation (Loupy et al. 2015).

 3. Conventional atherosclerotic lesions are seen in 
CAV, especially in the advanced disease. They 
are found as individual lesions or  combined 

a b

c d

e f

Fig. 18.4 Macrovasculopathy: more advanced prolifera-
tive/hyperplastic intimal lesions. Intimal thickening is 
made up of a mixture of smooth muscle cells mainly 
migrating from the media and various components of 
extracellular matrix. The lesions are concentric and made 
up of fibroblasts, myofibroblasts, smooth muscle cells, 
collagen, and other components of extracellular matrix 
leading to a loose mesenchymal tissue (a, b) or to a more 

dense tissue (c, d). Endothelialitis (c) or some chronic 
inflammation (arrows) is also present. The medial layer is 
preserved or shows focal fibrosis (a, asterisk) or thinning 
(e, asterisk). The internal elastic lamina is intact or dupli-
cated (e, arrow). Azan Mallory trichrome (a), Weigert van 
Gieson (b, e, f), hematoxylin-eosin (c, d), original magni-
fication 25×. a, b, f (Courtesy of Dr. Leone, Bologna, 
Italy)
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with the typical fibrocellular intimal lesions, 
both in the same coronary artery or even in the 
same section (Fig. 18.7) (Lu et al. 2011). 
Besides the possible presence of macrophage 
aggregates and lipid deposits within the 

 proliferative CAV lesions, atherosclerotic 
lesions are usually eccentric fibrolipid plaques 
similar to those observed in native atherosclero-
sis and cause variable lumen stenosis. Occlusive 
thrombosis,  hemorrhage, and  calcifications  

a b c

d e f

Fig. 18.5 Inflammation of CAV lesions may, to varying 
extent, involve the intima layer of fibrocellular lesions 
(endothelialitis) (a, b hematoxylin-eosin, 200×; 100×), 
the intima layer of the lesions with both intimal prolifera-
tion and lipid deposits (c, hematoxylin-eosin 200×), or the 

superficial layer of a conventional fibrolipid plaque (d, 
hematoxylin-eosin 50×). It may also spread to the entire 
wall and extend to the periadventitial tissue (e, f, 200×, 
Azan Mallory trichrome, immunostaining for CD45). e, f 
(Courtesy of Dr. Leone, Bologna, Italy)

Fig. 18.6 Many 
macrophages in a fibrolipid 
plaque of an epicardial 
coronary artery. CD163 
immunohistochemical 
staining for macrophages. 
Original magnification 
100×
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may  complicate both proliferative and athero-
sclerotic lesions, frequently leading to acute 
coronary syndromes (Fig. 18.8).
Nevertheless, atherosclerosis in CAV may 
exhibit some peculiar features such as concen-
tric fibrolipid plaques, spreading of plaques into 
intramyocardial arteries, frequent mural throm-
bosis, and lipid-rich or foamy macrophage- rich 
plaques (Fig. 18.9). Recently another plaque 
complication, the intraplaque hemorrhage 
(Fig. 18.10), has been highlighted in CAV, 
thanks to an original study comparing plaques 
in paired hearts, i.e., native hearts and autopsied 
grafted hearts from the same patient (Castellani 
et al. 2014). The authors showed the increased 
incidence of intraplaque hemorrhage in plaques 
from CAV: of the 35 plaques  analyzed, 60 % 

were in grafted hearts and 22.9 % in native 
hearts. Since intraplaque hemorrhage is associ-
ated with sudden plaque progression, its high 
incidence in CAV coronary arteries could sup-
port the hypothesis of an accelerated atheroscle-
rosis process. The pathophysiology of the 
intraplaque hemorrhage involves neo-angiogen-
esis with leaky microvessels within the plaque 
(Castellani et al. 2014) (Fig. 18.10).

18.6.1.1  Some Remarks on the 
Relationship Between  
Primary CAV and Native 
Atherosclerosis Lesions

Observing atherosclerosis in the epicardial coro-
nary arteries of a grafted heart, whether using vas-
cular imaging in live hearts or  pathology in autopsy 

a b

c d

Fig. 18.7 (a) Cross section of a right coronary artery 
with an isolated eccentric atherosclerotic plaque, with the 
typical lipid core rich in cholesterol cleft and a thick 
fibrous cup (Azan Mallory trichrome, original magnifica-
tion 25×). (b) High-power view showing neo- angiogenesis 
at the shoulder of the plaque (arrow) (Azan Mallory tri-

chrome, original magnification 200×). (c) Cross section of 
a right coronary artery showing a combined concentric 
plaque, mainly fibrous with a necrotic core (hematoxylin- 
eosin, original magnification 25×). (d) The concentric 
plaque stained with glycophorin to identify hemorrhagic 
component (original magnification 25×)
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or explanted hearts, raises the question of whether 
it is a condition acquired during  transplantation or 
a lesion transmitted from the donor heart. An IVUS 
analysis of the coronary arteries, performed very 
early after cardiac transplantation, found donor 
lesions in 30 % of the hearts with more lesions in 
older patients (Li et al. 2006). As average donor 
age has risen and continue to rise, the incidence and 
severity of coronary atherosclerosis in donor hearts 
is expected to increase (Lund et al. 2015; Schumer 
et al. 2015). A study using echocardiography and 
stress echocardiography showed a high prevalence 
of atherosclerosis in marginal donor hearts (11 out 
of 18 candidates had abnormal tests) (Leone et al. 
2009). Another study using IVUS of a cohort of 
young donors (31.4 ± 11 years) found atherosclero-
sis (defined as intimal thickness ≥ 0.5 mm) in as 
many as 48.5 %, with incidence increasing with 
donor age (Kim et al. 2013). Techniques to differ-
entiate donor- transmitted atherosclerosis from 

CAV in live grafted hearts are under development: 
they are based on modern in vivo coronary artery 
 imaging techniques like optical coherence tomog-
raphy that shows a double intimal layer pattern in 
donor-transmitted atherosclerosis (Imamura et al. 
2014) and three-dimensional IVUS (Yamasaki 
et al. 2011). That donor-transmitted atherosclerosis 
could be a determinant of plaque progression dur-
ing the first year posttransplantation is controver-
sial, with pros (Yamasaki et al. 2011) and contras 
(Li et al. 2006).

18.6.2  Microvasculopathy

The involvement of small intramyocardial vessels 
is peculiar to CAV, since it is not usually observed 
in native coronary artery atherosclerosis, and has 
long been known to be an immune injury 
(Salomon et al. 1991).

a

c d e

b

Fig. 18.8 (a) Cross section stereomicroscopic view of 
occlusive thrombosis in a fibrous plaque. (b) Histology of 
the occlusive thrombosis: focal attenuation of the tunica 
media and significant fibrosis of the adventitia are evident 
(hematoxylin-eosin, original magnification 125×). (c) 

Calcifications may complicate atherosclerotic lesions 
(hematoxylin-eosin, original magnification 125×). (d, e) 
High-power view of the calcified plaque (d, hematoxylin- 
eosin; e, Azan Mallory trichrome, original magnification 
×200)
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a b
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Fig. 18.9 (a) Epicardial coronary artery in an explanted 
cardiac graft obtained at retransplantation for CAV. Note 
the concentric pattern of the fibrolipid plaque, with multifo-
cal disruption of the internal elastic lamina and atrophy of 
the media (asterisk) (hematoxylin-eosin, original magnifi-
cation 25×). (b) Intramyocardial coronary artery branch 
showing fibrolipid plaque and well-preserved tunica media 

(hematoxylin-eosin, original magnification 25×). (c) Mural 
thrombosis stratified on a fibrous atherosclerotic plaque in 
an epicardial coronary artery (hematoxylin- eosin, original 
magnification 50×). (d) Non-stenotic atherosclerotic plaque 
containing many foam cells and a few inflammatory cells in 
an epicardial coronary artery, with a well-preserved tunica 
media (hematoxylin-eosin, original magnification 25×)

a b c

Fig. 18.10 (a) Hemorrhage in a fibrolipid plaque (Azan 
Mallory trichrome, original magnification 100×). (b, c) 
Glycophorin immunostaining shows red blood cells or 

remnants of the red cell membranes within the lipidic core 
close to the cholesterol clefts and in the fibrotic compo-
nent (original magnification b, 100×; c, 200×)
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Microvasculopathy is characterized by 
concentric intimal thickening made up of 
migrated vascular smooth muscle cells 
embedded in  extracellular matrix and covered 
by a lining of endothelial cells (Mitchell 
2004; Jansen et al. 2015). It is often called 
immune arteriosclerosis, a term borrowed 

from atherosclerosis nomenclature (Salomon 
et al. 1991).

Pathologic changes consist of (Fig. 18.11):

• Myointimal proliferative lesions (fibrocellular 
intimal proliferation and/or fibrous intimal 
thickening)

a b

c d
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Fig. 18.11 Pathology of microvasculopathy in small- 
sized intramyocardial coronary artery branch at endomyo-
cardial biopsy. (a) Prevalent intimal disease with 
fibrocellular proliferation (Azan Mallory trichrome, 
200×), (b–d) mixed intimal (asterisks) and medial 

(arrows) disease (hematoxylin-eosin, 400×). (e) Medial 
disease with hypertrophy and fibrosis (arrow) (Azan 
Mallory trichrome, 400×). (f) Thickening of an arteriola 
in keeping with the structural changes associated with 
microangiopathy or vasculitis (hematoxylin-eosin, 400×)
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• Medial disease with hypertrophy/hyperplasia 
of smooth muscle cells and/or fibrosis

• Endothelialitis/vasculitis

These lesions may be independently present or 
coexist with one prevailing. The media of the 
intramyocardial arteries is frequently normal or 
mildly fibrous and in some instances may show a 
pattern of atrophy with complete loss of vascular 
smooth muscle cells, resulting in acellular fibrous 
media (Loupy et al. 2015; Lu et al. 2011). This 
media pattern reflects vascular smooth muscle cell 
apoptotic death in the context of  alloimmunization, 
mainly due to antibodies against histocompatibil-
ity antigens (Thaunat et al. 2006).

The pathology of the microcirculation in 
grafted hearts, whether with or without involve-
ment of epicardial branches, has not yet been 
definitively characterized, and discordant data 
exist.

Armstrong et al. found no stenosis or intimal 
thickening of arterioles in myocardial biopsies 
obtained in 36 months posttransplant (Armstrong 
et al. 1996), while Hiemann et al. (Hiemann et al. 
2007) found stenotic microvasculopathy in 43 % of 
patients in biopsies as early as 1 year posttransplan-
tation, implying decreased survival independently 
of epicardial coronary artery lesions. In the latter 
study, the stenotic arteriolar lesions included media 
thickening associated with inconstant endothelial 
thickening, but a subjective grading system was 
used. Other researchers also found a high incidence 
of microvascular changes and no correlation with 
CAV (Abu- Qaoud et al. 2012).

18.6.3  Pathogenesis of CAV 
Proliferative Lesions

Inflammatory cells found in the thickened intima 
of epicardial and intramyocardial arteries have a 
crucial function in the pathogenesis, since they 
are the signature of an immune/inflammatory 
process in the arterial wall that triggers the endo-
thelial cells and the smooth muscle cells 
(Mitchell 2004; van Loosdregt et al. 2006). The 
cell population present is, in descending order, 
CD3- positive T lymphocytes (twice more CD4 
than CD8), CD68-positive macrophages, and 

CD20-positive B lymphocytes (van Loosdregt 
et al. 2006). Host T lymphocytes  represent cel-
lular immunity within the intima and are acti-
vated by HLA antigens present on donor 
endothelial cells. Activated T cells produce 
interferon-γ and TGF-β and in turn stimulate 
 vascular smooth muscle cells to proliferate and 
produce extracellular matrix (Pober et al. 2014). 
Innate immunity acting through NK cells and 
macrophages is also a source of cytokines 
including interferon-γ. Humoral rejection is now 
recognized as a major factor in CAV; donor-spe-
cific antibodies target the smooth muscle cells 
(Thaunat et al. 2006; Zhang et al. 2012) and the 
endothelial cells via complement-dependent and 
independent mechanisms (Zhang and Reed 
2009; Jane-Wit et al. 2013).

B lymphocytes and plasma cells have been 
detected in the epicardial arteries with CAV 
either in adventitia with lymphoid nodules or a 
diffuse pattern or within intimal hyperplasia 
(Wehner et al. 2010). The lymphoid nodules, 
resembling tertiary lymphoid nodules, may be a 
local immune response; the cells in the intima or 
diffusely distributed in the adventitia may simply 
be a scarring process (Wehner et al. 2010).

18.6.4  Myocardial Lesions in CAV

Data on pathology of the myocardium comes 
from autopsy and analysis of failing grafted 
hearts removed during retransplantation for 
severe CAV.

In the presence of a culprit lesion, the most 
frequent substrate is acute myocardial infarc-
tion or focal/multifocal acute ischemic/subisch-
emic damage with non-infarction distribution 
(Fig. 18.12).

In cases of sudden death or cardiac failure, as 
well as in retransplanted patients, acute lesions 
can be absent and the pathologic substrate can 
show chronic myocyte changes (cytoplasmic 
vacuolization – especially subendocardial, hyper-
trophy, attenuation, irregular and hyperchromic 
nuclei, architectural disarrangement) and varying 
degrees of patchy interstitial fibrosis.

In a series of 64 hearts retransplanted for CAV, 
Lu et al. (Lu et al. 2011) found cardiomegaly, 
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rarely, gross scarring, indicative of previous 
infarction, despite severe CAV, and frequently 
multifocal/diffuse fibrosis (Fig. 18.13). In addi-
tion, in these failing grafts, the myocardium quite 
often displayed features of rejection, mainly 
antibody- mediated type (Loupy et al. 2015).

Identifying CAV requires repeated coronary 
angiograms, although this invasive procedure is 
not frequently performed during patient follow-
 up. Given that protocol endomyocardial biopsies 
are mainly performed to detect rejection, an 
ancillary goal of the analysis of these biopsies is 
to assess myocardial fibrosis, considering that 
fibrosis could be an indirect myocardial marker 
of CAV. Yamani et al. (Yamani et al. 2002) found 

an increased semiquantitative score of myocar-
dial fibrosis associated with CAV. However, in 
transplanted hearts, myocardial fibrosis may be 
the final reparative process of many different 
noxae. Morphometric quantification of myocar-
dial fibrosis in transplanted patients monitored by 
endomyocardial biopsy showed that fibrosis 
increases slowly in long-term survivors without 
any correlation with CAV (Armstrong et al. 
2000). Furthermore in a morphometric study on 
sequential biopsies, fibrosis has been found to 
vary from biopsy to biopsy in a given patient and 
did not correlate with the highest grade of cellu-
lar rejection or CAV (Fornes et al. 1996). These 
data prove that fibrosis found in endomyocardial 

a b c

Fig. 18.12 Acute/chronic myocardial ischemic lesions due 
to CAV. (a) Acute myocardial infarct with coagulative necro-
sis and waviness of myofibers. Note the interstitial fibrosis as 
sign of previous ischemic damage and the microvasculopa-
thy of small intramyocardial arteries and veins (Azan 

Mallory trichrome, original magnification 100×).  
(b, c) Coagulative necrosis (arrows) associated with cytoplas-
mic vacuolization (i.e., coagulative myocytolysis) (asterisks). 
(b) Hematoxylin-eosin, original magnification 200×;  
(c) Azan Mallory trichrome, original magnification 200×)

a b

Fig. 18.13 Chronic myocardial ischemic lesions due to 
CAV. (a) Panoramic view of the left ventricle wall with 
diffuse myocardial fibrosis (Azan Mallory trichrome, 

original magnification 25×). (b) High-power view of A 
(Azan Mallory trichrome, original magnification 200×)
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biopsies cannot be used as a surrogate marker of 
CAV, but is the result of many pathologic pro-
cesses built up over time, which all contribute to 
the restrictive hemodynamics typical of the 
grafted heart (Kobashigawa et al. 2013; Law 
et al. 2006).

18.7  Pathophysiology 
of Microvasculopathy

Functional tests analyzing the coronary circula-
tion are able to distinguish abnormal epicardial 
coronary function from coronary microvascular 
dysfunction. Several studies have emphasized the 

dysfunction of coronary microcirculation in 
transplanted hearts (Tona et al. 2006, 2015; 
Haddad et al. 2012), and interestingly this dys-
function has been correlated with the onset of 
CAV (Tona et al. 2015). This data raises the 
hypothesis of a common pathophysiologic path-
way linking CAV and microcirculation dysfunc-
tion with a common target, the endothelial cell 
(Deng et al. 1995).

Coronary circulation, from a physiological 
point of view, can be divided into three areas 
arranged in series, although, anatomically, the 
boundaries of each compartment are not so clearly 
defined (Dal Lin et al. 2015; Herrmann et al. 2012; 
Chilian 1997) (Fig. 18.14). The  proximal compart-
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Fig. 18.14 Physiology of coronary circulation (From 
Dal Lin et al. 2015). The coronary blood flow is driven by 
the pressure difference between the aorta and the capillary 
bed and is further modulated by various physical and neu-
ral factors influencing the microcirculation. Thus, the 

coronary circulation adjusts the blood flow to myocardial 
oxygen requirement, harmonizing the resistances of the 
various compartments of the microcirculation, each regu-
lated by a separate mechanism
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ment consists of the conductance epicardial 
 arteries (diameter 500 μm to 2–5 mm), which offer 
little resistance to blood flow. They are regulated 
by the sympathetic system but also possess an 
inherent tendency to maintain a given level of 
shear stress through endothelial vasodilation. The 
intermediate compartment consists of arterioles, 
characterized by a drop in pressure along their 
course. Their diameter varies from 100 to 500 μm, 
and their function is to maintain constant coronary 
perfusion, regulating blood flow and pressure 
within the coronary vasculature. The tone of the 
arterioles depends on intravascular pressure (myo-
genic autoregulation), local or circulating vasoac-
tive substances, and neurogenic stimuli, but not on 
the metabolic activity of cardiomyocytes. The dis-
tal compartment consists of the intramural arteri-
oles whose diameter is less than 100 μ and which 
are characterized by a considerable decrease of 
internal pressure. Their function is to coordinate 
the requirement for blood with myocardial oxygen 
consumption. They are responsible for about 55 % 
of total coronary resistance and are regulated by 
local vasoactive circulating or neurogenic factors; 
they are also affected by myocardial cell metabo-
lites (metabolic autoregulation).

Four main factors influence vascular resis-
tance: (1) anatomical (left ventricular wall thick-
ness and the presence of collateral circulation), 
(2) mechanical (flow systemic vascular resis-
tance, systolic compression, myogenic reflex, 
blood viscosity or hemolysis, and platelet aggre-
gation), (3) neuro-immune (through alpha- and 
beta-2 receptors, vagal action), and (4) endocrine- 
metabolic (pO2, pH, K, adenosine, prostaglan-
dins, thromboxane, hyperlipidemia, and nitric 
oxide (NO)) (Camici and Crea 2007).

Therefore, the mechanisms underlying the 
regulation of coronary blood flow are metabolic 
and myogenic autoregulation, nervous system 
regulation, and humoral control.

18.7.1  Coronary Self-Regulation

Coronary self-regulation or autoregulation means 
the intrinsic ability of the heart to maintain blood 
flow relatively constant, despite changes in 

 perfusion pressure (within the limits of pressure 
from 60 to 180 mmHg, provided that the level of 
 oxygen incorporation remains constant). These 
mechanisms predominate in the microcirculation 
where they mostly impact on total coronary 
resistance.

 (a) Metabolic autoregulation. Metabolic action, 
adjusting the flow to tissue metabolic 
demand, is mainly mediated by adenosine, 
although this is not the only factor involved. 
Adenosine is released from the myocardial 
cells in the interstitial space (Rubio and 
Berne 1975) in various conditions, both 
physiological and pathophysiological: when 
the metabolic demand increases, adenosine 
triphosphate (ATP) hydrolysis takes place 
and adenosine is released into the intersti-
tium causing vasodilation and, therefore, 
increases blood flow.

 (b) Myogenic autoregulation. The mechanism 
by which vascular wall tone changes as a 
result of endovascular pressure changes, and, 
therefore, wall tension is regulated according 
to the “stretch stress,” in order to maintain a 
stable flow within a certain range of perfu-
sion pressure variation. It is more evident in 
the subepicardial than in subendocardial 
layer and can also be adjusted by NO and 
interferes with metabolic vasodilation (Jones 
et al. 1993).

18.7.2  Autonomic Regulation

Sympathetic and parasympathetic autonomic con-
trol of microvascular resistance has two effects, 
one direct and one indirect. Through activation of 
β1 receptors, sympathetic tone increases oxygen 
consumption and metabolic active vasodilation. 
As a direct effect on receptors α, we get vasocon-
striction, which can lead to an increase up to 
20–30 % of resistances at the subepicardial level 
with the purpose of limiting metabolic vasodila-
tion and ensuring a more homogeneous distribu-
tion of the transmural flow. Cholinergic activation 
has the indirect effect of myocardial oxygen 
 consumption (bradycardia) and  extravascular 
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compression (negative inotropy) reduction. The 
direct effect is endothelium dependent: it has been 
shown that inhibiting the endothelial NO synthesis 
eliminates cholinergic reflected vasodilation 
(Hodgson and Marshall 1989).

18.7.3  Humoral Regulation

The substances involved in the humoral control 
of coronary microvascular resistance consist of 
circulating, non-circulating, and endothelium- 
derived factors. The circulating ones are primar-
ily catecholamines, vasopressin, angiotensin II 
with a vasoconstrictor effect, and the atrial natri-
uretic factor with a vasodilator effect. Among the 
non-circulating, there are arachidonic acid deriv-
atives such as prostacyclin (vasodilator) and 
thromboxane A2 with vasoconstrictor effect. 
Among the factors of endothelial origin, NO and 
endothelium-derived relaxing factors (EDRF) are 
vasodilators, and endothelin is a vasoconstrictor 
(Dal Lin et al. 2015).

Moreover, there is a constant production of 
NO in basal conditions as a result of physical or 
neurohumoral factors (Kelm and Schrader 1990) 
which is an important control factor for endothe-
lial coronary microvascular tone. Endothelial 
control directs both the myogenic self-regulation 
processes and the effects of autonomic stimula-
tion. The inhibition of NO production leads to an 
increase in coronary vascular resistance, thus 
confirming a basic NO-dependent vasodilator 
tone (Kuo et al. 1992).

18.8  Coronary Flow Reserve

18.8.1  Definition

The functional status of coronary circulation can 
be clinically assessed by measuring the coronary 
flow reserve (CFR), defined as the ratio between 
the speed of the hyperemic diastolic flow ceiling 
and the diastolic baseline. The value of the CFR is, 
therefore, the ability of both the vascular coronary 
components (i.e., vascular resistance at the epicar-
dial and microvascular levels), responding to a 

hyperemizing stimulus to obtain a maximal coro-
nary flow. Thus, thanks to its self-regulating coro-
nary mechanism, the heart, in rest conditions, can 
maintain coronary blood flow constant along a 
wide range of pressures at the expense of a coro-
nary vasodilation. However, when the vasodilation 
becomes maximal, the pressure-flow relationship 
becomes linear. The difference between the coro-
nary flow ceiling and the self- regulated flow repre-
sents the coronary flow reserve (Fig. 18.15), which 
indicates the proportion of “additional” flow 
(expressed in ml/min/g) which can be obtained at 
a given pressure when the vessels have reached 
maximum vasodilatation.

18.8.2  Factors Affecting 
the Coronary Reserve

The CFR is affected by vascular resistance, by 
myocardial extravascular resistance, and by rheo-
logical components (Dal Lin et al. 2015). Since 
CFR is expressed by a ratio, it may fall as a result 
of an increase in coronary blood flow at rest, sec-
ondary to the increased metabolic demands (due 
to tachycardia, pathological myocardial hyper-
trophy, hypoxemia, anemia, vasodilators and 
vasoconstrictors, increased myocardial contrac-
tility), or as a result of a reduction in the flow’s 
hyperemic ceiling as in the case of microcircula-
tory dysfunction, epicardial stenosis, blood 
hyperviscosity, and abnormal cardiovascular 
function (as in the case of elevated diastolic pres-
sure of the left ventricle or aortic mean pressure 
reduction) (Dal Lin et al. 2015). In other words, 
the CFR can be reduced by structural or func-
tional causes. It is proved that in the presence of 
single-vessel stenosis and normal ventricular 
function, the flow at baseline remains constant 
with increasing severity of the stenosis, while the 
maximal flow decreases in a gradual manner (not 
linear) (Uren et al. 1994); vasodilator capacity is 
diminished because the coronary reserve is 
already recruited in basal conditions due to the 
presence of the stricture (Fig. 18.16). Among the 
structural causes of reduced CFR, we must con-
sider vasculitis, microvascular  alterations in sys-
temic inflammatory diseases, posttransplant 
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vasculopathy (Hiemann et al. 2007), diabetic 
microangiopathy, or arterial remodeling with 
intimal and media thickening as in hypertrophic 
cardiomyopathy (Cecchi et al. 2003). Finally, 

Buus et al. have shown that in healthy subjects, 
myocardial hyperemia induced by adenosine is 
partially dependent on the normal endogenous 
production of NO, suggesting that adenosine-
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induced vasodilation is partially endothelium 
dependent (Buus et al. 2001); other studies (van 
den Heuvel et al. 2000; Osto et al. 2012) confirm 
a decrease in coronary reserve caused by coro-
nary endothelial dysfunction. In conclusion, the 
CFR is a global parameter of coronary flow, 
which is immediately altered in the presence of 
microvascular dysfunction or stenosis of epicar-
dial coronary arteries. It has been shown that, in 
the absence of the latter, CFR value is a good 
marker of microcirculatory function. Its normal 
value is greater than 2.5 (Dal Lin et al. 2015). 
Camici and Crea (Crea et al. 2014) proposed a 
classification of coronary microvascular dysfunc-
tion (CMVD) into four types:

 1. Coronary microvascular dysfunction in the 
absence of coronary artery disease or myocar-
dial disease: it is the counterpart of traditional 
coronary risk factors such as smoking, hyper-
tension, hyperlipidemia, diabetes, and the 
state of insulin resistance. It is a microcircula-
tory dysfunction at least partially reversible.

 2. Coronary microvascular dysfunction in the 
presence of a myocardial pathology (second-
ary heart disease and primary cardiomyopa-
thies): it is represented by remodeling of the 
intramural coronary arterioles. It could have a 
role in inducing myocardial ischemia.

 3. Coronary microvascular dysfunction in the 
presence of obstructive coronary artery dis-
ease: it can be identified in the context of stable 
coronary disease or acute coronary syndrome 
with or without ST-segment elevation.

 4. Iatrogenic coronary microvascular dysfunction: 
after revascularization, CMVD may be caused 
either by vasoconstriction or by distal emboliza-
tion (Camici and Crea 2007). The alterations of 
the tunica media have an independent negative 
effect on prognosis (Hiemann et al. 2007).

Microcirculatory dysfunction, defined as 
reduced coronary flow reserve and/or coronary 
endothelial dysfunction, is associated with 2.5 % 
of major annual adverse events, including death, 
nonfatal myocardial infarction, nonfatal stroke, 
and congestive heart failure (Dal Lin et al. 2015). 
It is the mechanism responsible for the onset of 
ischemic phenomena in the absence of critical 

angiographically visible atherosclerotic lesions 
in epicardial vessels.

The integrity of the endothelial cells is critical 
for endothelial homeostatic response. Endothelial 
cells are in a strategic anatomical position, placed 
between the bloodstream and the vessel wall; 
they regulate the function and structure of the 
vessel and release vasoconstrictors and vasodilat-
ing agents (Cosentino and Luscher 1995).

In physiological conditions, the synergistic 
action of endothelial factors allows maintenance 
of normal vascular tone and blood fluidity while 
limiting inflammatory damage to the vessel and 
the proliferation of smooth muscle cells. Among 
substances with a vasodilating effect, the most 
important is NO, which is produced by the catab-
olism of L-arginine by the enzyme NO synthetase 
and expressed constitutively by endothelial cells. 
NO is released as a result of different stimuli, both 
mechanical (shear wall stress) and biochemical 
(acetylcholine, bradykinin, serotonin, etc.), and 
acts on both the smooth muscle cells of the vessel 
and on the corpuscular elements of blood (mono-
cytes, platelets), so mediating the expression of 
adhesion molecules through guanylate cyclase 
activation (Dal Lin et al. 2015). Due to its power-
ful anti-inflammatory effects, NO derived from 
the endothelium can be considered the most 
important endogenous antiatherogenic molecule.

In pathological conditions, however, the endo-
thelium changes and becomes susceptible to dam-
age and, even worse, promotes inflammation and 
thrombosis. It also loses its active vascular control 
on permeability so causing vasoconstriction and cir-
culating leukocyte adhesion, which in turn give rise 
to formation and progression of atherosclerotic 
plaque (Luscher and Barton 1997). In the presence 
of disease or cardiovascular risk factors, which alter 
endothelial physiology, endothelial cells decrease 
their ability to release vasodilating substances, 
which allows the predominance of vasoconstrictive 
products (Behrendt and Ganz 2002). Risk factors 
that damage the endothelium are divided into modi-
fiable (hypertension, diabetes, smoking, high cho-
lesterol, obesity, sedentary lifestyle associated with 
unbalanced diet) and non-modifiable (old age and 
male gender). Chronic inflammation and infections 
have recently been suggested as risk factors for 
endothelial dysfunction (Dal Lin et al. 2015).
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The vasoconstrictive mediators are pros-
tanoids: thromboxane A2, vasoconstrictive pros-
taglandins, and free radicals which, in addition to 
directly causing vasoconstriction, reduce the bio-
availability of NO by destroying it. Endothelin 1 
and angiotensin II are vasoconstrictors and also 
induce cell growth by modifying the vascular 
structure (Osto et al. 2010).

Generally, therefore, the bioavailability of NO 
indicates the state of health and functionality of 
the vessel. As described by Osto et al. (2012): 
“the increased production of reactive oxygen spe-
cies (ROS) is considered a major determinant of 
the reduction in the levels of NO. The loss of NO, 
due to increased oxidative stress in the vessel 
wall, can be considered the central mediator of all 
the different aspects related to endothelial dys-
function, contributing to the destabilization of the 
atherosclerotic plaque. The loss of NO produced 
by the endothelium leads to an increase in gene 
transcription of pro-inflammatory nuclear factor 
kappa B (NF-KB), resulting in the increased 
expression of adhesion molecules and the pro-
duction of cytokines and chemokines. These 
actions promote the migration of monocytes and 
vascular smooth muscle cells in the intima of the 
vessels and in the transformation of macrophages 
in foam cells, phenomena that are characteristic 
of early morphological changes of atherosclero-
sis.” So, altered bioavailability of NO, leading to 
endothelial dysfunction, is a key pathological 
condition that is associated with most if not all 
cardiovascular risk factors (Dal Lin et al. 2015).

18.9  Endothelial Function 
After Heart Transplant

After heart transplant, the restoration of endothe-
lial function is neither immediate nor complete, 
although the coronary endothelium is replaced by 
a presumably healthier one, and hemodynamics 
improve along with endothelial shear stress. After 
transplantation, the coronary endothelium is char-
acterized by chimerism, with donor- and recipi-
ent-derived endothelial cells (Minami et al. 2005; 
Angelini et al. 2007). Studies of sex- mismatched 
heart-transplanted patients have shown that as 
early as 1 month after transplantation, up to 22 % 
of endothelial cells in the coronary arteries are of 

recipient origin (Minami et al. 2005). Chimerism 
continues over time, with recipient origin endo-
thelial cells increasing by about 0.43 + −0.77 % 
per month following transplantation (Angelini 
et al. 2007), in both pediatric and adult patients.

Probably the high prevalence of coronary 
endothelial dysfunction described shortly after 
heart transplant is due to the persistence of ath-
erosclerosis risk factors, inflammation, and the 
use of immunosuppressive drugs (such as cyclo-
sporine) that decrease NO and increase levels of 
endothelin and ROS production (Fig. 18.17).

Coronary endothelial dysfunction in early 
posttransplant patients has been correlated with a 
higher risk of developing cardiac allograft vascu-
lopathy (Tona et al. 2006).

Key Points

• Cardiac allograft vasculopathy (CAV) is 
the complex phenomenon which fre-
quently affects the vasculature of grafted 
hearts in both adult and pediatric cardiac 
transplantations, leading to progressive 
stenosing of cardiac vessels.

• CAV remains a major cause of late graft 
failure and death after heart 
transplantation.

• Over the years, many synonyms have 
been used for CAV: chronic rejection, 
allograft vasculopathy, transplant vascu-
lopathy, accelerated atherosclerosis, trans-
plant coronary artery disease, allograft 
arteriopathy, cardiac transplant arterio-
sclerosis, and transplant atherosclerosis.

• CAV risk factors are both immunologic 
and non-immunologic.

• Clinically, CAV presents as progressive 
heart failure, arrhythmia, or sudden 
death in the later stages. Myocardial 
infarction is also common but is gener-
ally silent due to cardiac denervation.

• Coronary angiography coupled with 
assessment of allograft function offers 
the highest level of evidence for CAV 
identification and nomenclature.

• Pathologically, cardiac vessels progres-
sively develop an intimal thickening, 
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which causes narrowing of the vessel 
lumen until occlusion.

• The disease typically involves epicardial 
coronary arteries and intramyocardial 
vessels with diameter greater than 500 μm 
(macrovasculopathy) and/or small intra-
myocardial vessels (<500 μm) (microvas-
culopathy). Veins and venules may also 
be affected.

• Pathologic changes of macrovasculopa-
thy consist of:
 – Proliferative/hyperplastic intimal 

lesions
 – Vasculitis/perivascular inflammation
 – Conventional atherosclerotic lesions

• Pathologic changes of microvasculopa-
thy consist of:
 – Myointimal proliferative lesions 

(fibrocellular intimal proliferation 

a

d e f

b c

Fig. 18.17 Illustrative case. A 40-year-old male, trans-
planted in 2004 for Ebstein’s anomaly, died suddenly of 
severe coronary allograft vasculopathy after 10 years. The 
myocardium showed severe multifocal areas of fibrosis 
but no sign of acute myocardial infarction (a, Azan 
Mallory trichrome, original magnification 100×). The left 
anterior descending coronary artery (b, stereomicroscopic 
view; c, histologic section; Azan Mallory trichrome, 

 original magnification 125×) and the right coronary artery 
(d, stereomicroscopic view; e, histologic section; Azan 
Mallory trichrome, original magnification 125×) showed 
severe diffuse concentric hyperplastic proliferative 
lesions, with well-preserved tunica media and enlarged 
fibrotic adventitia. Intramyocardial small vessels were 
also involved (f, Azan Mallory trichrome, original magni-
fication 200×)

and/or fibrous intimal thickening)
 – Medial disease with hypertrophy/

hyperplasia of smooth muscle cells 
and/or fibrosis

 – Endothelialitis/vasculitis
• Myocardial lesions. In the presence of a 

culprit lesion, the most frequent sub-
strate is acute myocardial infarction; in 
cases of sudden death or cardiac failure, 
the most frequent pathologic substrate 
includes chronic myocyte changes and 
varying degrees of patchy interstitial 
fibrosis.

• Dysfunction of the coronary microcir-
culation in transplanted hearts has been 
correlated with the onset of CAV, thus 
raising the hypothesis of a common 
pathophysiologic pathway linking CAV 
and microcirculation.
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19.1  Background

Heart transplantation has revolutionized the out-
come of patients with terminal chronic heart fail-
ure. Worldwide, about 5,000 heart transplantations 
are performed annually (Stehlik et al. 2011). 
Survival after heart transplant is continuously 
increasing due to advances in drug-induced 
immunosuppression, improvement of surgical 
procedures, optimal pretransplant risk assess-
ment, and close patient monitoring (Stehlik et al. 
2011; Gavalda et al. 2014a).

Soon after the first heart transplantations were 
performed in the late 1960s, infection appeared 
to be a major complication and a significant 
cause of mortality. Indeed, infectious events are 
responsible for 30 % of deaths, with a significant 
weight between 30 days and 1 year posttrans-
plant (Stehlik et al. 2011). Beyond morbidity 
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and mortality, infectious complications are also 
associated with a high economic burden due to 
higher length of hospital stay, increased graft 
losses, and costs related to indirect effects such 
as virus- induced malignancies (Gavalda et al. 
2014a; Menzin et al. 2011). Beyond this direct 
burden, microorganisms are also involved in 
indirect transplant-related complications. For 
instance, it has been repeatedly shown that the 
“microbially determined immune modulation 
(MDIM)” could increase the risk of allograft 
injury or rejection, atherogenesis, malignancies 
(such as PTLD), and other opportunistic patho-
gens (Gavalda et al. 2014a). Therefore, preven-
tive measures are cornerstone for the management 
of heart- transplanted patients (Fishman 2014).

There are many challenges in the management 
of infectious diseases after heart transplantation. 
First, infectious processes may originate from a 
wide range of sources (hospital environment, 
recipient community, reactivation of a latent pro-
cess, transmission by the donor organ) (Fishman 
2014; Wright and Fishman 2014). Therefore, a 
high number of bacterial, viral, fungal, and para-
sitic agents may be causative in heart transplant 
recipients. Second, the use of immunosuppres-
sive agents may modify the clinical presentations 
associated with infectious events (Fishman 
2014). Finally, drug toxicities and interactions 
are frequent and hamper antimicrobial treatment 
once the infectious diagnosis is made in such 
patients (Fishman 2014).

For all these reasons, diagnosis, prevention, 
and treatment of infectious complications appear 
as a cornerstone aspect of the management of 
heart-transplanted patients.

19.2  Clinics and Management

After solid organ transplantation, infectious risk 
may be stratified according to two axes: time 
posttransplantation and source of the infection.

Follow-up after heart transplantation can be 
divided into three time periods: less than 4 weeks 
after SOT (phase 1), between 1 and 6 months 
(phase 2), and more than 6 months after SOT 
(phase 3) (Fig. 19.1) (Fishman 2014; Wright and 

Fishman 2014). Besides that transplantation 
timeline, four distinct infection sources should be 
distinguished: the hospital environment, commu-
nity exposure, donor (or graft) derived, and reac-
tivation of an infection from the recipient 
(Fishman 2014; Wright and Fishman 2014). 
Taken together, these elements lead to distinct 
microbiological hypothesis.

• In the early phase after heart transplantation, 
most of infections are related to surgery and/
or postoperative supportive care. Among these 
infections should be included surgical site and 
wound infections and catheter-related or uri-
nary tract infections. The frequent use of anti-
biotics before or after surgery increases the 
risk of C. difficile-associated diarrhea 
(Fishman 2014). Lastly, donor-derived infec-
tions can be revealed early after heart trans-
plantation if donor had an active viral, 
bacterial, or fungal infection or in case of graft 
contamination (Fishman 2014; Wright and 
Fishman 2014).

• Between 1 and 6 months, co-trimoxazole pro-
phylaxis significantly reduces the risk of 
major opportunistic infections such as P. jir-
ovecii pneumonia, T. gondii encephalitis, or 
listeriosis and may also reduce the risk of uri-
nary tract infections. Most of febrile episodes 
are caused by viruses and graft rejection at 
that time (Fishman 2014). Depending on the 
level of immunosuppression, a broad spec-
trum of pathogens can occur such as 
Aspergillus spp., Cryptococcus spp., or 
Nocardia spp.

• More than 6 months after transplantation, 
drug-induced immunosuppression is tapered 
for most of patients. Thus, opportunistic 
pathogens are less common (Fishman 2014). 
However, opportunistic infections might occur 
late after transplantation, especially if immu-
nosuppression has been beforehand intensi-
fied due to allograft rejection (Fishman 2014). 
The risk of CMV late-onset infection should 
be considered if an antiviral prophylaxis has 
been used and stopped. Besides, transplanted 
patients can experience more severe compli-
cations from community-acquired infections.
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Even if infection is usually suspected because 
of fever, the first diagnostic step is to perform a 
complete clinical examination in order to identify 
a focus of infection.

19.2.1  Lung Infections

In case of respiratory symptoms (e.g., cough, 
dyspnea, chest pain), lung infection should be 
suspected, and a radiological work-up is manda-
tory. Even if chest radiography is still an impor-
tant first-line exam, computed tomodensitometry 
(CT) scan is now considered cornerstone in order 
to obtain a clearer view of the type and extension 
of the lung lesions (Gavalda et al. 2014b). Indeed, 
depending on the type of radiological aspect, ori-
ented diagnostics should be suspected (Fig. 19.2). 
In case of radiological abnormalities, a microbio-
logical work-up is mandatory in order to increase 
the likelihood of pathogen identification.

In case of pneumonia occurring early after 
transplantation (phase 1), a ventilator-associated 
pneumonia should be suspected. In that case, a 
distal sample is mandatory, due to the broad 
spectrum of possible pathogens and the high fre-
quency of resistant bacteria. In that case, bron-
choscopy is mandatory and allows performing 
bronchoalveolar lavage (BAL), distal protected 
specimen with a plugged telescoping catheter or 
a brush. If the patient is ventilated, bronchoscopy 

is not mandatory and a blinded protected tele-
scoping catheter sampling is feasible.

If pneumonia occurs in phase 2 or 3, 
community- acquired or opportunistic pathogens 
are responsible for most cases of infections. In 
that case, chest CT scan is important as microbio-
logical diagnosis can be suspected based on the 
radiological picture (Fig. 19.2).

In any case, noninvasive diagnostic proce-
dures are cornerstone such as sputum analysis 
(for Gram staining, bacterial cultures, fungal and 
mycobacterial examinations), urine antigen 
assays (for S. pneumonia and L. pneumophila), 
and blood cultures.

However, due to the broad spectrum of respon-
sible pathogens, an invasive procedure is fre-
quently required and relies on the BAL. Usually, 
BAL is required in case of nodular or interstitial 
pneumonia or in case of lung consolidation with-
out clinical improvement after a 3-day course of 
antibiotics. Lastly, bronchoscopy and BAL should 
be proposed in case of relapsing infection, despite 
a complete course of antibiotics. This procedure 
will allow obtaining specimen for bacterial, 
mycobacterial, and viral examinations 
(Tables 19.1 and 19.2). Fungal examination is 
also important and should include the identifica-
tion of P. jirovecii with Grocott–Gomori methena-
mine silver (GMS) staining, immunofluorescence 
± quantitative PCR-based assay. Furthermore, 
indirect tests can be proposed in the blood and in 

Heart
transplantation

phase 1 phase 2 phase 3

> 6 months1-6 months< 4 weeks

Hospital-acquired infections

Community-acquired infections

Donor derived infections*

Recipient derived infections

Fig. 19.1 Infectious timeline after heart transplantation 
and most frequent sources of infections. To note, even if 
donor-derived or recipient-derived infections are always 
possible, different pathogens can be involved, depending 

on the delay after transplantation (Adapted from 
Fishman 2014). *Of note, after 6 months, donor-derived 
infections are rare, with the notable exception of CMV 
disease

19 Infections



312

the BAL, depending on the radiological aspects 
such as galactomannan antigen (for the identifica-
tion of Aspergillus spp.), Cryptococcus spp. anti-
gen, or β-D-glucan.

In case of nodular pneumonia and if BAL is 
negative, a lung biopsy should be proposed for 
microbial identification but also to rule out a non-
infectious diagnosis (PTLD, cancer). In that case, 
a complete microbiological work-up is also man-
datory (Table 19.1).

19.2.2  Neurological Symptoms

Between 10 and 85 % of SOT recipients experi-
ence central nervous system (CNS) symptoms 
(Wright and Fishman 2014). Among them, infec-
tions are one of the most severe etiologies. 
However, due to the use of drug-induced immu-
nosuppression, clinical signs and symptoms may 
be reduced. Of note, noninfectious causes such as 
metabolic disorders, drug-induced side effects, 

and primary brain lymphoma should be consid-
ered. Early CNS infections (during phase 1) are 
rare, unless the patient experiences a massive 
microbial exposure or exhibits an anatomic 
underlying factor (Wright and Fishman 2014). 
Furthermore, donor-derived infections may occur 
in this time period, such as lymphocytic chorio-
meningitis, West Nile virus or herpes simplex 
virus (HSV) encephalitis, or, in case of graft con-
tamination, cryptococcosis, even if the latter case 
is rare. CNS opportunistic infections mainly 
occur during phases 2 and 3. Fungal infections 
(Aspergillus, C. neoformans, Histoplasma, 
Coccidioides), nocardiosis, toxoplasmosis (if 
the chosen prophylaxis is not active against 
T. gondii), and tuberculosis should be considered 
(Wright and Fishman 2014; Lebeaux et al. 
2014a). Viral infections are also possible at that 
phase (such as HSV or VZV encephalitis). After 
6 months, even if the patient may experience 
infection caused by community-acquired patho-
gens (S. pneumoniae), the risk of opportunistic 

Chest imaging (computed tomography
(CT)-scan rather than radiography)

Suspicion of lung infection
(fever and/or respiratory symptoms)

Bronchitis ?
Sinusitis ?

Viral infection ?

Lung
consolidation

Normal

Interstitial lung disease
(Ground-glass

opacities, septal thickening)

P. jirovecii

Respiratory viruses, CMV

Toxoplasmosis

Non infectious diseases
(heart failure with

pulmonary edema,
drug-induced pneumonia,
including mTOR inhibitors)

M. tuberculosis

Fungal infection
(A. fumigatus, c. neoformans,

mucormycosis)

Nocardia spp.
Actinomyces spp.

Cytomegalovirus

Non infectious diseases
(lung cancer, Kaposi, PTLD)

S. pneumoniae
S. aureus

L. pneumophila
Gram-negative rods (P.

aeruginosa, Enterobacteriaceae)

Nocardia spp.

Fungal infection
(A. fumigatus, C. neoformans,

mucormycosis)

Toxoplasmosis

(Respiratory viruses)

Nodule
+/- excavation

Fig. 19.2 Microbial etiologies as a function of radiological findings during pneumonia, in heart transplant recipients
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pathogens can be increased as prophylaxis is usu-
ally interrupted at that stage: herpesviruses, 
nocardiosis, invasive molds, tuberculosis, and 
cryptococcosis can be encountered.

If CNS infection is suspected, two cornerstone 
elements are mandatory: lumbar puncture and 

brain imaging (CT scan or, ideally, magnetic 
 resonance imaging, MRI). Indeed, MRI has been 
shown to be superior, especially in the case of 
invasive fungal infections (Gavalda et al. 2014b). 
Lumbar puncture should be performed first in 
case of meningeal syndrome. However, brain 

Table 19.1 Microbiological work-up in heart-transplanted patients according to different clinical sample

Bronchoalveolar lavage Lumbar puncture Stools Biopsy

Bacteria: Gram 
staining + bacterial 
culture + culture for 
Nocardia (4w)

Yes Yes No Gram staining but 
detection of 
Salmonella, Shigella, 
Yersinia, specific 
groups of E. coli, and 
Campylobacter

Yes + molecular 
testing (16S)

Mycobacteria: Ziehl 
staining + long-term 
cultures (6–8w)

Yes Yes + molecular 
testing (GeneXpert 
M. tuberculosis)

No Yes + molecular 
testing (M. 
tuberculosis)

Mycology: PAS, 
GMS stainings + 
cultures

Yes + P. jirovecii IF 
and/or PCR

Yes No Yes

Parasites No (with the 
exception of T. 
gondii)

Yes + PCR (T. 
gondii)

Yes + microsporidia, 
cryptosporidia, 
Strongyloides

No

Virology IF and/or 
PCR

IF or PCR (CARVs) PCR (EBV, HSV, 
VZV, CMV)

PCR (Norovirus, 
Enterovirus, 
Rotavirus, adenovirus)

No

Indirect tests Galactomannan 
antigen, Cryptococcus 
spp. antigen 
(BAL+serum)

Cryptococcus spp. 
antigen and 
β-D-glucan 
(CSF+serum)

Detection of C. 
difficile toxin (PCR 
based)

Other Legionella antigen in 
urine

Biochemical 
(proteins and 
differential glucose 
level) + CSF 
opening pressure 
measurement for 
Cryptococcus

Gram, PAS, GMS 
stainings on 
histology

CARVs community-acquired respiratory viruses (see Table 19.3), CSF cerebrospinal fluid, EBV Epstein–Barr virus, 
HSV herpes simplex virus, IF immunofluorescence, GMS Grocott–Gomori methenamine silver, PAS periodic acid–
Schiff, PCR polymerase chain reaction, VZV varicella-zoster virus

Table 19.2 Seasonal predominance and management of CARVs

Virus Seasonal predominance Etiologic therapy

Respiratory syncytial virus (RSV) Autumn and winter Discuss ribavirin
± antibody-based treatment
± steroids

Human metapneumovirus Winter Discuss ribavirin

Influenza Winter Neuraminidase inhibitor

Parainfluenza viruses (types 1–4) Throughout the year Discuss ribavirin

Rhinoviruses Throughout the year None

Coronaviruses Winter None
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imaging should be performed before LP in case 
of localizing neurological signs, seizure, or 
reduced vigilance. Indeed, these clinical signs 
might be suggestive of intracranial hypertension. 
In that case, LP increases the risk of brain hernia-
tion (Duffy 1969). If lumbar puncture is per-
formed, several microbiological tests should be 
performed (Table 19.1). If Cryptococcus infec-
tion is suspected or diagnosed, CSF opening 
pressure should be measured (see below). Based 
on the results of brain MRI and LP, different 
pathogens are possible (Fig. 19.3).

Furthermore, the presence of extra- 
neurological symptoms can be cornerstone for 
the microbial diagnosis. For instance, concomi-
tant skin lesions can suggest disseminated nocar-
diosis and mycobacterial or fungal infections 
(Wright and Fishman 2014; Lebeaux et al. 
2014a). In that case, a skin biopsy should be per-
formed. In this regard, lung infection, heart mur-
mur, and sinusitis should also be investigated.

Lifestyle is also important to assess neurologi-
cal symptoms, and an extensive travel history 
should be made for these patients. For instance, a 
recent travel in tropical zone should prompt 
malaria testing. Even if the travel occurred years 
ago, the diagnosis of endemic fungus should be 
investigated (e.g., Coccidioides immitis, 
Histoplasma)

If LP and the abovementioned extensive extra- 
neurological work-up did not lead to a microbial 
diagnosis, neurosurgery should be considered for 
biopsy or debridement, in case of brain abscess 
(Wright and Fishman 2014).

19.2.3  Skin and Soft Tissue Infections

Most of skin and soft tissue infections occur-
ring during phase 1 are related to the surgical 
procedure. In that case, the most worrisome 
diagnosis should be mediastinitis. Indeed, 

Table 19.3 Management of CMV in heart transplant recipients according to donor and recipient serostatus (Kotton 
et al. 2013)

Donor serology (D) Recipient serology (R) Risk of CMV disease Role of CMV prevention

D+ R− High Prophylaxis is often considered 
to be the best option (duration: at 
least 6 months)
Consider the risk of late-onset 
CMV disease after discontinuing 
prophylaxis, in which case a 
hybrid strategy (i.e., using a 
preemptive strategy after the 
cessation of prophylaxis) should 
be helpful

D+ R+ Intermediate Prophylaxis or preemptive 
strategy should be used. As there 
is no strong published data to 
decide whether one of these two 
strategies is best, physicians 
should decide according to local 
possibilities. Particular attention 
should be made for patients with 
additional risk factors (e.g., use 
of antilymphocyte therapy or 
treatment of acute rejection 
episode)

D− R+

D− R− Low The use of prophylaxis against 
CMV is not recommended. 
Consider prophylaxis against 
other herpes infections

D. Lebeaux et al.



315

heart transplant recipients have an increased 
risk of surgical wound infections, as compared 
with patients undergoing conventional heart 
surgeries (Zuckermann and Barten 2011). 
After heart transplantation, surgical wound 
infections are observed in 8–15 % of patients 
with some groups reporting incidence of medi-
astinitis up to 40 % (Zuckermann and Barten 
2011). The diagnosis of surgical wound infec-
tion may be difficult as fever, erythema, and 
purulent discharge are sometimes absent 
(Zuckermann and Barten 2011). Therefore, 
chest CT scan and needle aspiration are corner-
stone for the diagnosis of posttransplant 
mediastinitis.

Due to prophylaxis with aciclovir or valaciclo-
vir, viral recurrences caused by HSV or VZV are 
rare but can be severe with more extensive zona 

or herpes lesions. Without prophylaxis, reactiva-
tion of HSV or VZV can occur in more than 35 % 
of cases (Ulrich et al. 2008).

During phases 2 and 3, other cutaneous find-
ings may be related to community-acquired infec-
tions caused by group A Streptococcus or S. 
aureus. Strikingly, Gram-negative rods can be 
responsible for skin and soft tissue infections in 
immunocompromised patients. Opportunistic 
pathogens can also be causative, especially in 
case of nodular skin lesions or relapse after an 
antibiotic course. In that case, main diagnosis 
includes bacteria (Nocardia spp.), mycobacteria, 
and fungus (Cryptococcus, invasive dermatophy-
tosis, Aspergillus spp.) (Lebeaux et al. 2014a; 
Ulrich et al. 2008). Skin lesions may be secondary 
to direct skin inoculation (after telluric or soil 
trauma, for instance) or because of a disseminated 
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N. meningitidis
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Coccidioides)
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Fig. 19.3 Microbial etiologies in case of neurological 
signs, based on the results of brain imaging and lumbar 
puncture. *At the initial stage of viral meningitis, PMN 
cells can prevail. CSF cerebrospinal fluid, CT computed 
tomography, EBV Epstein–Barr virus, HSV herpes simplex 

virus, LP lumbar puncture, MRI magnetic resonance 
 imaging, PMN polymorphonuclear, PTLD posttransplant 
lymphoproliferative disorder, VZV varicella-zoster virus, 
WBC white blood cells
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disease (in which a hematogenous spread is 
observed). Therefore, skin lesions should always 
be considered after heart transplantation, and skin 
biopsy performed when possible.

During phase 3, human herpesvirus 8 (HHV8) 
can be responsible for Kaposi sarcoma, human 
papilloma viruses (HPV) can cause warts, and 
mucocutaneous candidiasis are frequent (Ulrich 
et al. 2008).

Lastly, heart-transplanted patients have an 
increased risk of skin cancer. Thus, a yearly der-
matological examination is mandatory.

19.2.4  Digestive Tract Infections

During phase 1, most of the digestive tract infec-
tions are caused by C. difficile. This infection is 
related to nosocomial exposure and frequent anti-
biotic prescription. During the second and the 
third phases, community-acquired as well as 
opportunistic pathogens can be found. In case of 
diarrhea after heart transplantation, an exhaustive 
microbiological work-up is mandatory 
(Table 19.1). In this setting, viruses can be respon-
sible for long-term aqueous diarrhea. Of note, if 
the patient has been exposed to Strongyloides, 
even decades ago, initiation of corticosteroids 
and/or immunosuppressive drugs can be respon-
sible for hyperinfection syndrome (see below).

19.2.5  Isolated Fever

Lastly, infection can be suspected in heart- 
transplanted patients only because of an iso-
lated fever. If none of the abovementioned 
symptoms are present, a minimal work-up is 
mandatory and should include at least blood 
and urine cultures and chest radiography. If 
uninformative, chest and abdominal CT scan, 
cryptococcal antigen, serum PCR for CMV, and 
toxoplasmosis should be performed. Cardiac 
echocardiography can also be performed to 
investigate infective endocarditis. Lastly, non-
infectious etiologies must be considered such 
as PTLD.

19.3  Viral Diseases

19.3.1  Cytomegalovirus

Cytomegalovirus (CMV) is the major viral agent 
after heart transplantation, increasing both mor-
bidity and mortality. CMV may cause direct 
effects (ranging from benign viral syndrome to 
life-threatening tissue-invasive disease) as well 
as indirect effects such as allograft rejection, cor-
onary vasculopathy, accelerated atherosclerosis, 
new-onset diabetes mellitus after transplantation, 
and opportunistic infections. International con-
sensus guidelines on the management of CMV 
after solid organ transplantation have recently 
been published (Kotton et al. 2013).

“CMV infection” usually applies to the evi-
dence of CMV replication without any signs of 
disease. When attributable symptoms are associ-
ated with this viral replication, the process is 
called “CMV disease.” CMV disease is divided 
into “viral syndrome” (fever, malaise, hemato-
logical cytopenia) and “tissue-invasive disease,” 
a process that may, for example, affect the diges-
tive tract, the eyes, the central nervous system, 
the pancreas, or the liver and the lungs. Therefore, 
complete physical examination and adapted 
work-up should be conducted when a CMV 
infection is suspected.

Risk stratification is of great importance to pre-
vent CMV after transplantation. A CMV IgG 
screening test should be performed for both donor 
(D) and recipient (R) before transplantation to 
allow for risk stratification of CMV disease. 
Beyond serostatus, some specific cell-mediated 
immunity tests such as QuantiFERON-CMV and 
ELISpot have been developed to better predict the 
risk of CMV disease (Manuel et al. 2013a). Due 
to the strong impact of CMV infection on clinical 
outcomes, a preventive strategy should be used 
for both CMV- positive recipients (R+) and CMV-
negative recipients with a positive donor (D+/R-). 
Two preventive strategies are currently available: 
universal prophylaxis (i.e., administration of anti-
viral therapy in the first months after transplanta-
tion) and preemptive therapy (i.e., repeated 
realizations of laboratory assays such as (ideally) 
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 quantitative nucleic acid amplification testing or 
pp65 antigenemia ± administration of antiviral 
therapy once an early viral replication has been 
diagnosed). Their roles are summarized in 
Table 19.3. If universal prophylaxis is selected, 
routine viral load monitoring should not be 
encouraged in asymptomatic patients as this strat-
egy is not cost- benefit. For CMV prophylaxis, 
oral valganciclovir (900 mg once daily) and intra-
venous ganciclovir (5 mg/kg once daily) have 
proven their efficacy. Both valganciclovir and 
ganciclovir dosages should be adjusted to renal 
function. Limited data suggest that the preventive 
use of CMV hyperimmune globulin may decrease 
the cardiac consequences of CMV infection after 
heart transplantation (Valantine et al. 2001).

While serological tools have no role after 
transplantation, both CMV pp65 antigenemia 
and PCR assays are highly useful tools for the 
diagnosis of CMV infection. Of note, sensitivity 
of pp65 antigenemia decreases significantly in 
neutropenic recipients, defined as less than 1000 
polymorphonuclear cells/mm3. Mainly because 
of poor interhospital correlation of PCR assays 
until the recent creation of an international 
World Health Organization (WHO) standard, no 
consensual cutoff value has been determined to 
initiate antiviral therapy in patients with iso-
lated replication without identified disease. 
While a low threshold should most likely be 
used in D+/R- couples to initiate antiviral ther-
apy and prevent direct and indirect effects of 
CMV infection, it is unclear when to initiate 
therapy in CMV seropositive heart transplant 
recipients. Kinetics of DNAemia may offer 
additional information. The role of CMV detec-
tion by PCR in bronchoalveolar lavage is still a 
matter of debate. Last, physicians should be 
aware of the possibility of a compartimentalized 
CMV disease. A common illustration is that of 
digestive CMV disease which may be seen with 
undetectable or low viral load values in blood 
samples.

Curative treatment of CMV infection in heart 
transplant recipients does not differ from other 
solid organ transplant recipients. Briefly, oral 
valganciclovir as well as intravenous ganciclovir 

could be used for nonlife-threatening CMV dis-
ease, with the notable exception of gastrointesti-
nal tract infections. In that case, oral 
valganciclovir should be avoided. Treatment 
dose should be adapted with great attention 
according to the estimated glomerular filtration 
rate. Duration of treatment is based on the moni-
toring of CMV DNAemia. A minimum length of 
treatment of 2 weeks should be used, at the con-
dition of obtaining one or more negative CMV 
tests (i.e., pp65 antigenemia or PCR). Antiviral 
drug resistance is a cause of persisting infection 
despite antiviral treatment at an adapted dose. 
Testing for mutations of viral UL97 kinase and/
or UL54 DNA polymerase should be conducted 
in such cases.

19.3.2  Herpes Simplex and Varicella- 
Zoster Viruses

Like CMV, other Herpesviridae viruses are able 
to cause infection in transplant recipients. 
Among them, herpes simplex virus (HSV) and 
varicella- zoster virus (VZV) are of importance. 
Due to the impaired cell-mediated immunity 
observed after transplantation, both these agents 
may progress from latency in sensory nerve 
ganglia to reactivation. HSV and VZV may also 
be transmitted via the graft from an infected 
donor.

HSV type 1 (HSV-1) and type 2 (HSV-2) are 
generally transmitted by direct contact with a 
subject actively infected. While primary HSV-1 
infection usually occurs during childhood via 
oral secretions, HSV-2 is sexually transmitted. In 
the absence of antiviral prophylaxis, HSV repli-
cates in the first weeks after transplantation and 
symptoms ranging from mucocutaneous viral 
reactivation to lethal multiple visceral organ 
involvement may be observed. Atypical presenta-
tions require adapted specimen collection and 
laboratory confirmation. In case of benign muco-
cutaneous lesions due to HSV, aciclovir (400 mg 
PO three times daily) and valaciclovir (1 g PO 
twice daily) are effective agents when started 
early after the onset of symptoms. In case of 
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severe disease such as meningoencephalitis or 
disseminated disease, aciclovir should be used 
intravenously at a dose of 10 mg/kg every 8 h.

More than 90 % of adults are infected by 
VZV. Serological testing should be conducted 
before transplantation to identify VZV-naïve 
patients as the occurrence of primary infection 
after transplantation may lead to severe dermato-
logic lesions and visceral involvement (e.g., 
pneumonitis) in such subjects. In seropositive 
transplant patients, herpes zoster (also known as 
shingles or zona) may present as dermatomal 
herpes zoster or as varicella-like skin lesions. In 
most cases, a clinical diagnosis can be made. 
Contact with infected subjects may be a clue to 
diagnosis. Unlike CMV, asymptomatic replica-
tion is not observed after solid organ transplanta-
tion. As a consequence, identification of VZV 
(e.g., by PCR) from lesions or plasma is a highly 
valuable tool. Aggressive therapy is needed once 
the diagnosis of VZV disease has been made in 
an immunocompromised patient. Intravenous 
aciclovir should be used at a dose of 10 mg/kg 
every 8 h. Dosing adjustments with renal impair-
ment is required. Localized shingles may be 
treated orally with valaciclovir (1 g three times 
daily). Of note, aciclovir-resistant VZV isolates 
have been described.

Preventive strategies play a significant role for 
both HSV and VZV. Prophylaxis against HSV 
should be used for 1–3 months after solid organ 
transplantation. Aciclovir (400–800 mg per os 
twice daily) and valaciclovir (500 mg per os 
twice daily) are effective to prevent HSV infec-
tions in transplant recipients. Of note, ganciclovir 
and valganciclovir (the most widely used anti- 
CMV drugs) also offer protection against HSV 
and VZV. Patients who are seronegative pretrans-
plant for VZV should receive vaccination before 
transplantation. Indeed, the use of this live virus 
vaccine is not recommended after 
transplantation.

19.3.3  Epstein–Barr Virus

More than 90 % of the world population is 
infected with Epstein–Barr virus (EBV). Such as 

other Herpesviridae viruses described supra, it 
persists lifelong. After transplantation, the use of 
immunosuppressive agents imbalance the rela-
tion established between EBV-infected B-cells 
and the host’s cytotoxic T lymphocyte response. 
As a consequence, it may lead to a wide range of 
presentations ranging from asymptomatic vire-
mia to posttransplantation lymphoproliferative 
disorder (PTLD). EBV serological testing should 
be realized for risk stratification before transplant 
for both donor and recipient. EBV-negative 
recipients of EBV-positive heart transplants (D+/
R-) have the highest risk of PTLD. In this high- 
risk population, EBV-positive PTLD typically 
occurs within 1 year after transplantation. 
Because increased EBV viral load is linked to 
aberrant EBV-induced B-cell proliferation, the 
question of viral load monitoring is of interest. 
However, such strategies of monitoring are 
imperfectly correlated with the risk of developing 
EBV-positive PTLD, especially due to a low- 
positive predictive value. Moreover, this tool has 
no utility for predicting EBV-negative PTLD. In 
patients who are at high risk for PTLD (such as 
EBV D+/R− patients and/or recipients with 
chronic EBV viremia), preemptive reduction in 
immune suppression appears to be an effective 
first-line strategy. The role of adjunctive thera-
pies such as rituximab is an ongoing debate in 
solid organ transplant recipients. Apart from 
PTLD, uncommon events such as infections of 
the central nervous system and aplastic anemia 
have been associated with EBV in transplant 
recipients.

19.3.4  Influenza and Other 
Community-Acquired 
Respiratory Viruses

In immunocompromised subjects such as heart 
transplant recipients, community-acquired respi-
ratory viruses (CARVs) have been shown to be 
responsible for severe respiratory diseases 
(Table 19.2) (Manuel et al. 2013b). Progression 
from upper to lower respiratory infection is com-
mon. Clinical symptoms are poor tools to distin-
guish one CARV from one other. Infections with 
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CARVs should be suspected in all solid organ 
transplant recipients with symptoms of upper or 
lower respiratory tract infection. Specimens 
should be taken as soon as possible from the site 
of clinical involvement. In case of upper respira-
tory tract symptoms, pooled nasopharyngeal and 
throat swabs are recommended. In case of lower 
respiratory tract infection, BAL should be made 
when possible, in order to exclude other infec-
tious diseases. Laboratory diagnostic methods 
mainly include antigen detection assays, virus 
isolation by cell culture, and nucleic acid amplifi-
cation testing. When available, the latter is a rapid 
and highly sensitive tool for clinicians. Prevention 
is a major tool to prevent infection by CARVs in 
solid organ transplant recipients. Inactivated vac-
cination is highly recommended to prevent influ-
enza in solid organ transplant recipients, even if 
conflicting results have been published concern-
ing its immunogenicity in heart transplant recipi-
ents. Meanwhile, vaccination of household 
contacts and health-care workers attending trans-
planted patients should be done annually. To pre-
vent infections with CARVs in transplant 
recipients, general preventive measures are also 
mandatory (including contact avoidance with 
individuals suffering from respiratory tract infec-
tion and young children, hand hygiene, and 
adapted isolation of infected patients). Promising 
results have been published concerning the use of 
prophylaxis by neuraminidase inhibitors in solid 
organ transplant recipients during influenza sea-
son (Ison et al. 2012). Curative treatment options 
are presented in Table 19.2. Antiviral therapy 
using neuraminidase inhibitors should be admin-
istered in all heart transplant recipients with sus-
pected influenza infection, even if symptoms 
started several days earlier. In severe cases, 
reduction of immune suppression should be 
considered.

19.3.5  West Nile Virus

West Nile virus (WNV) is an arthropod-born 
agent. WNV is mainly acquired via Culex that are 
infected by wild birds. While this disease has 
been first described in the West Nile district of 

Uganda in 1937, many countries are currently 
concerned all over the world. Notably, a worri-
some outbreak is observed in North America 
since 1999. Transmission has also occurred 
through blood transfusion and transplantation 
with an infected organ. While 80 % of WNV 
infections are asymptomatic in immunocompe-
tent subjects, symptomatic forms range from 
West Nile fever (a self-limiting febrile illness) to 
neuroinvasive diseases (meningitis, encephalitis, 
or acute flaccid paralysis) and myocarditis. Solid 
organ transplant recipients are at higher risk for 
severe disease (Singh et al. 2013). Incubation 
varies from 3 to 14 days. The diagnosis of WNV 
depends on a high index of suspicion. Serum and 
cerebrospinal fluid analysis should include WNV 
serological assays and nucleic acid testing. WNV 
treatment is mainly supportive and may include 
reduction of immunosuppression, use of inter-
feron or passive immunization using anti-WNV 
antibodies. In the absence of an available vac-
cine, protection against mosquito bites should be 
recommended in the concerned areas.

19.4  Nonviral Diseases

19.4.1  Management of Fungal 
and Parasitic Infections

Candidiasis  Candida is the most frequent agent 
of invasive fungal infection (IFI) after SOT, 
accounting for more than half of the cases 
(Gavalda et al. 2014b). Most cases occur during 
phase 1 and originate from the gut and an 
indwelling device (such as intravenous catheter) 
or can be caused by a graft contamination (even 
if this latter event is more frequently associated 
with kidney transplantation). Invasive candidia-
sis is associated with a high mortality (≈30–
40 %) (Gavalda et al. 2014b). Even if blood 
cultures are cornerstone, it has been repeatedly 
shown that their sensitivity for invasive candidi-
asis was 50–75 %, therefore leading scientific 
societies to propose other diagnostic options 
such as the detection of β-D-glucan in the serum 
that can be useful for its negative predictive 
value (Gavalda et al. 2014b). Initial treatment of 
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candidemia should rely on intravenous echino-
candins. All central venous catheters should be 
removed, except in specific and complex situa-
tions, and venous ultrasonography, cardiac echo-
cardiography, and funduscopy should be 
performed. Antifungal treatment should be pre-
scribed for 14 days after the first negative blood 
culture (Gavalda et al. 2014b). Asymptomatic 
candiduria, a common phenomenon, should not 
be treated unless the patient is neutropenic or is 
about to have a urological procedure. However, 
symptomatic candiduric patients must be treated, 
and urinary catheters should be removed or 
replaced.

Aspergillosis  Aspergillus is the second most 
frequent fungal pathogen after SOT, and heart- 
and lung- transplanted patients are at higher 
risk. Most of cases are invasive aspergillosis 
(IA) with an acute pulmonary (Fig. 19.4) or 
neurological infection that is associated with a 
high mortality (up to 80 %) (Gavalda et al. 
2014b). IA can be considered proven if specific 
diagnostic criteria are met (Table 19.4) (De 
Pauw et al. 2008). In other cases, IA is consid-
ered probable or possible (Table 19.5). To note, 
even if the detection of galactomannan antigen 
in the serum is not recommended in SOT recip-
ients due to its low sensitivity, it can be per-
formed in BAL or CSF (Gavalda et al. 2014b). 
β-D-Glucan can be used for the diagnosis of IA 

even if false-positive or false-negative results 
have been reported.

No universal antifungal prophylaxis is proposed, 
but some groups propose an itraconazole-based 
prevention only to patients at high risk of IFI 
(acute rejection, hemodialysis, reexploration 
after transplantation, CMV disease, or excessive 
Aspergillus spp. in the air of the center) (Gavalda 
et al. 2014b).

Antifungal therapy should be initiated early in 
case of suspicion of IA, and immunosuppression 
should be reduced. First-line treatment should 
rely on voriconazole, and therapeutic drug moni-
toring is mandatory with a trough concentration 
target between 2 and 4 mg/l. Drug-to-drug inter-
actions and liver and skin toxicities (including 
squamous cell carcinoma, in case of long-term 
therapy) should be closely monitored. Treatment 
duration is difficult to standardize but usually 
lasts for 6–12 weeks. Surgery should be proposed 
in case of hemoptysis, endocarditis, sinus dis-
ease, pericardium, or large vessels involvement 
(Gavalda et al. 2014b).

Cryptococcosis The third most frequent fungal 
pathogen is Cryptococcus, especially in patients 
receiving high doses of corticosteroids, mono-
clonal antibodies, alemtuzumab, or infliximab. 
Most of cases occur lately after transplantation 

a b

Fig. 19.4 Invasive aspergillosis after transplantation. 
Axial non-enhanced computed tomography (NECT) of a 
transplanted patient with invasive aspergillosis shows a 

right hilar mass (a, black arrow) with central low attenua-
tion and intrinsic air (b), consistent with tissue necrosis 
and early cavitation
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(16–21 months), and mortality may reach 25 % 
(Gavalda et al. 2014b). Cryptococcosis can be 
revealed by CNS or lung infection (Fig. 19.5), 
associated or not with fungemia and skin lesions. 
Besides blood, urine, and skin culture (in case of 
skin lesions), diagnostic relies on the detection 
of cryptococcal antigen in CSF and blood 
(Gavalda et al. 2014b). For meningoencephalitis, 
disseminated disease, and severe pneumonia, 
first-line treatment is liposomal amphotericin B 
(3–4 mg/kg/day) or amphotericin B lipid com-
plex + flucytosine (25 mg/kg x4/j) for 2 weeks 
(induction therapy) (Gavalda et al. 2014b). Then 
if CSF culture is sterile, consolidation with flu-
conazole 400–800 mg/j for 8 weeks. Lastly, 
maintenance therapy with fluconazole 200 mg/j 
is prescribed for 6–12 months. In case of ele-
vated intracranial pressure, large volume taps are 
required to reduce the intracranial pressure < 20 
cmHg. Even if a reduction of immunosuppres-
sant drugs should be proposed, immune recon-
stitution inflammatory syndrome (IRIS) can 
occur in 5–11 % of cases (Gavalda et al. 2014b). 
For focal pulmonary infections, fluconazole can 
be used first at 400 mg/day (6 mg/kg/day) for 
6–12 months.

Pneumocystosis Pneumocystis pneumonia 
(PcP) is a fungal infection responsible for an 
asymptomatic or mild disease in the normal 
host but severe interstitial lung infection (PcP) 
in immunocompromised patients. Despite 
intense controversies, it is now considered that 
infection originates from recent acquisition of 
Pneumocystis jirovecii rather than reactivation 
of a latent infection. After transplantation, the 
risk of PcP is high, especially in the first year 
posttransplant. As the use of prophylaxis with 
trimethoprim–sulfamethoxazole significantly 
decreases this risk, most of cases occur after 
cessation of this preventive agent (Wang et al. 
2012). Thus, several groups propose a lifelong 
prophylaxis. Atovaquone or pentamidine can 
also be proposed as prophylaxis. The diagnosis 
of PcP can be difficult as PCR-based assays are 
highly sensitive and can reveal only coloniza-
tion. β-D- Glucan has been demonstrated to 
have a high negative predictive value in this 
setting.

Toxoplasmosis  This life-threatening opportu-
nistic infection is caused by T. gondii, a parasite 
able to encyst in several organs, such as the heart. 

Table 19.4 Criteria for the diagnostic classification of proven invasive fungal infection

Specimen and type of analysis Molds Yeasts

Microscopic analysis: sterile 
material

Histopathologic, cytopathologic, or 
direct microscopic examination of a 
specimen obtained by biopsy in which 
fungus are seen and associated with 
evidence of tissue damage

Histopathologic, cytopathologic, or 
direct microscopic examination of a 
specimen obtained by biopsy from a 
normally sterile site (other than 
mucous membranes) showing yeast 
cells

Culture

  Sterile material Recovery of a fungus by culture of a 
specimen obtained by a sterile 
procedure from a normally sterile and 
clinically or radiologically abnormal 
site consistent with an infectious 
disease process, excluding 
bronchoalveolar lavage fluid, a cranial 
sinus cavity specimen, and urine

Recovery of a yeast by culture of a 
sample obtained by a sterile procedure 
(including a freshly placed [<24 h 
ago] drain) from a normally sterile site 
showing a clinical or radiological 
abnormality consistent with an 
infectious disease process

  Blood Blood culture that yields a mold (e.g., 
Fusarium species) in the context of a 
compatible infectious disease process

Blood culture that yields yeast (e.g., 
Cryptococcus or Candida species) or 
yeast-like fungi (e.g., Trichosporon 
species)

Serological analysis: CSF Not applicable Cryptococcal antigen in CSF indicates 
cryptococcal meningitis

Adapted from De Pauw et al. (2008)
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In transplant recipients, toxoplasmosis can result 
from the transmission of the parasite with the 
graft (D+) to a seronegative recipient (R-) or 
from a reactivation of a pretransplant latent infec-
tion in a seropositive recipient (R+) (Derouin 
et al. 2008). In the first case, clinical signs usually 
occur in the first 3 months after heart transplanta-
tion (sometimes earlier, within 2 weeks) with 
febrile myocarditis, encephalitis, or pneumonia. 
Without prophylaxis, incidence of disseminated 
toxoplasmosis in case of mismatch (D+/R-) may 
reach 75 %, but trimethoprim–sulfamethoxazole 
prophylaxis efficiently prevents this complica-
tion. The second option (reactivation of a latent 

infection R+ patient) is less frequent. Even if 
serological reactivation (defined by a rise in IgG 
antibody titers, with a high avidity index) occurs 
in ≈5 % of R+ patients, a clinical toxoplasmosis 
is exceptional (Derouin et al. 2008). The diagno-
sis of disseminated toxoplasmosis relies on the 
identification of the parasite or its DNA (through 
PCR testing) in any involved organ or in the 
blood. Serologic diagnostic might be useful but 
does not have enough sensitivity or specificity. 
Even if trimethoprim–sulfamethoxazole is highly 
effective in preventing toxoplasmosis, the risk 
might appear after cessation of the drug or if it is 
replaced by aerosolized pentamidine prophylaxis 

Table 19.5 Host, clinical, and mycologic criteria used for the definition of probable or possible invasive fungal 
infections

Host factors

Recent history of neutropenia (<500 neutrophils/mm3 for >10 days) temporally related to the onset of fungal 
disease

Receipt of an allogeneic stem cell transplant

Prolonged use of corticosteroids at a mean minimum dose of 0.3 mg/kg/day of prednisone equivalent for >3 weeks

Treatment with other recognized T cell immunosuppressants, such as cyclosporine, TNF-a blockers, specific 
monoclonal antibodies (such as alemtuzumab), or nucleoside analogues during the past 90 days

Inherited severe immunodeficiency (such as chronic granulomatous disease or severe combined immunodeficiency)

Clinical criteria

Lower respiratory tract fungal disease

  The presence of one of the following three signs on CT: dense, well-circumscribed lesion(s) with or without a 
halo sign, air-crescent sign, cavity

Tracheobronchitis

  Tracheobronchial ulceration, nodule, pseudomembrane, plaque, or eschar seen on bronchoscopic analysis

Sinonasal infection

  Imaging showing sinusitis plus at least one of the following three signs: acute localized pain (including pain 
radiating to the eye), nasal ulcer with black eschar, extension from the paranasal sinus across bony barriers, 
including into the orbit

CNS infection

  One of the following two signs: focal lesions on imaging, meningeal enhancement on MRI or CT

Disseminated candidiasis

  At least one of the following two entities after an episode of candidemia within the previous 2 weeks: small, 
target-like abscesses (bull’s-eye lesions) in liver or spleen, progressive retinal exudates on ophthalmologic 
examination

Mycological criteria

Direct test (cytology, direct microscopy, or culture)

  Mold in sputum, bronchoalveolar lavage fluid, bronchial brush, or sinus aspirate samples, indicated by one of the 
following: the presence of fungal elements indicating a mold, recovery by culture of a mold (e.g., Aspergillus, 
Fusarium, Zygomycetes, or Scedosporium species)

Indirect tests (detection of antigen or cell-wall constituents)

  Aspergillosis: galactomannan antigen detected in plasma, serum, bronchoalveolar lavage fluid, or CSF

  Invasive fungal disease other mucormycoses: b-d-glucan detected in serum

Adapted from De Pauw et al. (2008)
Probable IFI requires that a host factor, clinical features, and mycological evidence are present; in possible IFI, myco-
logical evidence is lacking
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against PcP. Beside trimethoprim–sulfamethoxa-
zole, pyrimethamine alone or atovaquone can 
also be used as prophylaxis.

Strongyloidiasis Strongyloides stercoralis is a 
parasite that is present in tropical and subtropical 
regions. Strongyloides can complete an entire life 
cycle through an autoinfection pattern, allowing a 
prolonged survival within the host, up to several 
decades (Roxby et al. 2009). The immunodepres-
sion induced after transplantation may lead to 
hyperinfection, through a massive increase in the 
reproductive cycle of the larvae (Roxby et al. 
2009). After a proliferation step in the duodenum, 
larvae may reach the bloodstream, the lungs, and 
then the gut. Thus, hyperinfection syndrome usu-
ally associates respiratory symptoms leading to 
acute respiratory distress syndrome, gastrointesti-
nal symptoms (from abdominal pain to gastroin-
testinal bleedings or occlusion), and neurological 
involvement. A frequent complication is the 
occurrence of a bloodstream coinfection or men-
ingitis cause by Gram-negative enteric bacteria. 
Due to its severity, hyperinfection syndrome 
should be prevented in patients awaiting heart 
transplantation who lived or stayed in area of 
endemicity (South America, Africa, Southeast 
Asia), even decades ago. The prevention relies on 
the treatment of chronic intestinal strongyloidosis 
with ivermectin before starting chemical immu-
nosuppression (Roxby et al. 2009).

Chagas disease  
This vector-borne (reduviid bug) parasitic infection 
caused by Trypanosoma cruzi is widespread in 
Latin America where seven to eight million people 
are chronically infected (Andrade et al. 2014). 
Human disease can be separated in two different 
phases: acute and chronic infection (Lattes and 
Lasala 2014). In most of adult cases, acute infec-
tion is spontaneously cleared and frequently 
asymptomatic. However, without any specific 
treatment, infection can evolve to the chronic 
phase. This chronic infection can be asymptomatic 
but can lead in 30 % of patients to irreversible dam-
ages of the following organs: the heart, esophagus, 
colon, and peripheral nervous system. During acute 
infection, diagnosis can be made through direct 
parasitologic examination of the whole blood (with 
and without concentration) or serologic tests. The 
later methods only can be used for the diagnosis of 
the chronic phase. More recently, PCR-based 
methods performed on the blood, body fluid, or tis-
sues emerged as sensitive tools for the diagnosis of 
chronic Chagas disease with low parasite burden or 
in case of reactivation.

Two connections between Chagas disease and 
transplantation are described: reactivation and 
graft-transmitted disease.

In the first case, chronic Chagas was not 
known before transplantation. For instance, the 
patient can suffer from end-stage heart dysfunc-
tion requiring transplantation because of chronic 
Chagas disease. After heart transplantation, 
immunosuppressant drugs are responsible for 
parasitic reactivation with parasitemia, meningo-
encephalitis, panniculitis, or erythema nodosum- 
like lesions and myocarditis. In case of heart 
transplantation, mortality may reach 100 %.

In the other scenario, the organ donor was suf-
fering from an unknown chronic Chagas disease. 
Kidney and liver transplantation are associated 
with a risk of graft-transmitted disease of 19 and 
29 %, respectively, but heart transplantation is 
contraindicated if the donor had a chronic Chagas 
disease (Andrade et al. 2014).

Because of these two scenarios, serologic 
screening for chronic Chagas disease is manda-
tory for donors and recipients originating from or 
who lived in endemic areas. In this regard, 

Fig. 19.5 Coronal non-enhanced computed tomography 
of a transplanted patient with pulmonary cryptococcosis 
demonstrates a subpleural left upper lobe solid nodule 
(black arrow)
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increased traveling and migrations are leading to 
difficulties regarding organ transplantation and 
blood donation systems.

19.4.2  Management 
of Mycobacterial Infections

• Active tuberculosis (TB) is a severe disease 
after SOT with mortality ranging between 9.5 
and 17 % (Meije et al. 2014). Most cases occur 
within the first year after transplantation. 
Strikingly, extrapulmonary or disseminated 
TB is more frequent than in the general popu-
lation. As a consequence, all transplant candi-
dates and living donors should ideally be 
screened for latent tuberculosis with a tuber-
culin skin test (lecture at 48–72 h, positive if 
induration ≥5 mm). However, due to a reduced 
sensitivity and false positiveness of tuberculin 
skin test after vaccination, interferon gamma 
release assay (IGRA) should be done when 
possible, independently of the tuberculin skin 
test result (Meije et al. 2014). In case of posi-
tive tuberculin skin test or IGRA test, active 
TB should be investigated.
Active TB can be confirmed only by culturing 
M. tuberculosis or detecting nucleic acid 
sequence from a clinical specimen. In case of 
lung infection, if sputum is negative, BAL, 
transbronchial biopsy, or mediastinoscopy 
should be considered. For extrapulmonary TB, 
any involved site might be sampled (Table 19.1).
If active TB is not present, treatment of latent 
TB is recommended for patients awaiting 
heart transplantation in any of the following 
cases: (i) positive TST or IGRA test, (ii) his-
tory of untreated TB, or (iii) history of contact 
with a subject with active TB. In that case, 
treatment relies on isoniazid (300 mg/day) + 
vitamin B6 for 9 months, associated with a 
close monitoring of liver tests and signs of 
neuropathy (Meije et al. 2014).
For the treatment of active TB, rifamycins 
(rifampicin or rifabutin) can be avoided in 
case of localized and non-severe infections. In 
that case, maintenance therapy should last for 

12–18 months. However, for severe or dis-
seminated TB, a regimen containing rifampi-
cin or rifabutin is mandatory, with a close 
monitoring of calcineurin or mTOR inhibitors 
and corticosteroid levels (Meije et al. 2014). 
In that case, maintenance therapy should last 
for 9 months. IRIS during the treatment of 
active TB is possible.

• Nontuberculous mycobacteria are ubiquitous 
and found in a wide range of environments. 
Even if their incidence is low, it is much higher 
after SOT than in the general population and 
may reach 0.24–2.8 % after heart transplanta-
tion (Meije et al. 2014). Most cases develop 
cutaneous lesions of the extremities, tenosyno-
vitis, or arthritis (Meije et al. 2014). The diag-
nosis is confirmed by the isolation of NTM 
from a normally sterile body site. Even if lung 
infection is rare (beside lung recipients), its 
diagnosis is more complex and requires com-
patible clinical and radiological presentation 
(Fig. 19.6), exclusion of other diagnosis, and 
identification of NTM in BAL or two consecu-
tive sputa or pulmonary tissue. Treatment of 
NTM requires antimicrobial therapy, surgical 
excision, or drainage and reduction of immu-
nosuppressant drugs. Association of two or 
three drugs will be chosen, based on the initial 
severity and the identification of the bacterial 
species (Meije et al. 2014).

19.4.3  Management of Opportunistic 
Bacterial Infections

Nocardia. Nocardiosis is a rare opportunistic 
infection caused by Nocardia spp., an ubiquitous 
aerobic actinomycete that is commonly found in 
a wide range of environments such as decaying 
vegetation, soil, and water. In recent reports, inci-
dence after heart transplantation ranges between 
0.65 and 2.5 % (Lebeaux et al. 2014a). 
Nocardiosis during the first month after SOT is 
uncommon and about 2/3 of cases occur during 
the first year after transplantation. Main risk fac-
tors are high-dose corticosteroids, cytomegalovi-
rus (CMV) disease in the preceding 6 months, 
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and a high median calcineurin inhibitor serum 
level in the preceding 30 days. Invasive nocardio-
sis accounts for 80–90 % of cases and is caused 
by bacterial inhalation, therefore leading to pneu-
monia in most cases. CT scan discloses lung 
infiltrates with consolidation (Fig. 19.7), nodules, 
excavations, or pleural effusion. Bacteria may 
then reach the bloodstream and disseminate to all 
organs: the CNS (with brain abscess), skin, soft 
tissue, eyes, liver, bone, heart valve, joint, mus-
cle, and testis (Fig. 19.7). Overall mortality is 
≈30 % but may reach 50 % in case of brain 
abscess. Strikingly, coinfections are possible 
with viral, bacterial, or fungal pathogens and are 
associated with a worst outcome. Primary cuta-
neous or subcutaneous nocardiosis is also 
 possible in case of direct bacterial inoculation 

Fig. 19.6 Transplanted patient with pulmonary 
Mycobacterium bovis infection. Axial non-enhanced 
computed tomography (Maximal intensity projection 
images) shows multiple scattered centrilobular nodules

a b

c d

Fig. 19.7 Disseminated nocardiosis in a transplanted 
patient. (a) Nodular skin lesion of the right leg, (b) lung 
consolidation (coronal non-enhanced computed tomogra-
phy, black arrow), (c) postcontrast sagittal T1-weighted 
magnetic resonance image showing multiple rim- 

enhancing brain lesions with a central hypointensity and 
peripheral edema, (d) Gram staining of the skin biopsy 
reveals filamentous and branching Gram-positive rods. 
Figure previously published in (Lebeaux et al. 2014b)
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after a penetrating skin trauma. First-line treat-
ment relies on trimethoprim–sulfamethoxazole, 
amikacin, third-generation cephalosporin, imipe-
nem, or linezolid, depending on initial severity 
and dissemination (Lebeaux et al. 2014a). To 
reduce the risk of relapse, treatment is usually 
administered for 6 months in case of lung infec-
tion or 12 months in case of brain abscess.

Listeriosis  Listeria monocytogenes is a Gram- 
positive bacillus that is transmitted to humans 
through contaminated foods such as milk and 
cheese or undercooked meat. It is responsible for 
bloodstream infection and meningoencephalitis 
in immunocompromised patients, including SOT 
recipients.

 Conclusion

Even if heart transplantation dramatically 
changed the care of patients with terminal 
chronic heart disease, several challenges 
remain. Among them infections put the 
emphasis on the importance of mixing several 
medical skills including surgeon, infectious 
diseases specialist, radiologist, and microbi-
ologist, among many.

Furthermore, there is still a lot to do regard-
ing the challenges of donor-derived infection, 
in the context of a severe lack of grafts.

Key Points

• Infection, a major complication which 
increases mortality after heart transplan-
tation, should be suspected early in this 
population.

• Due to the important number of caus-
ative pathogens, advances in molecular 
diagnostic tools, new therapeutic 
options, and interactions between anti-
microbial agents and immunosuppres-
sive drugs, a close collaboration between 
infectious diseases specialists and heart 
transplantation teams is mandatory.

• Pretransplant evaluation of the heart 
transplant candidate should assess the 
risk of posttransplant infections with 

agents such as Herpesviridae, tubercu-
losis, and Strongyloides. Needed vacci-
nations should also be initiated during 
pretransplant care.

• Preventive strategies (prophylaxis and 
preemptive therapy) increase the sur-
vival of heart transplant recipients. Main 
agents to consider are Herpesviridae 
(such as CMV, HSV, and VZV), influen-
zae, hepatitis viruses, Pneumocystis jir-
ovecii, Toxoplasma gondii, and 
Mycobacterium tuberculosis.

• Depending on factors such as donor 
specificities, pretransplant coloniza-
tions, drug-induced immunosuppres-
sion used, time post heart transplantation, 
local specificities, prophylactic regimen 
used, and clinical presentation, likely 
pathogens should be considered and 
guide first-line diagnostic investigations 
once an infection is suspected.

• A wide range of viral, bacterial, fungal, 
and parasitic agents may cause infection 
after heart transplantation. An extensive 
clinical and radiological work-up is 
mandatory due to diagnostic pitfalls in 
these patients.

• Early infections (within 4 weeks) after 
heart transplantation suggest surgical 
site and wound infections or graft- 
transmitted disease.

• Clinical and radiological aspects have 
low predictive values to predict the 
causative microbial pathogen involved. 
Bronchoalveolar lavage and biopsy of 
any involved organ play an important 
role due to the broad spectrum of caus-
ative pathogens.

• Antimicrobial resistance is a matter of 
concern in heart transplant recipients. 
Useless antimicrobial therapies should 
be avoided, and catheters and other 
devices should be removed when no 
longer essential. Antimicrobial thera-
pies should be targeted against identi-
fied pathogen(s).
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20.1  Background

Since the introduction of cyclosporin A, solid 
organ transplantation is an acknowledged treat-
ment option in end-stage organ failure. Over time 
many new potent immunosuppressant agents and 
multidrug immunosuppressive regimens have 
been introduced into clinical practice. Different 
management strategies have also been designed 
for the various transplant organs and can now be 
further refined to meet individual patient needs. 
With a greater proportion of patients now surviv-
ing for more than a decade, continuous immuno-
suppression is prolonged and creates new 
problems such as drug toxicity and secondary 
malignancies with their attendant treatment chal-
lenges (Nair et al. 2014; Collett et al. 2010; Jiang 
et al. 2010; Krynitz et al. 2013).

For many years the primary objective of heart 
transplant patient management was necessarily 
the control of acute cellular rejection. Today it 
remains a major cause of death in the first 1–3 
years after transplantation (around 10 %, accord-
ing to the 2015 International Society for Heart 
and Lung Transplantion (ISHLT) Adult Heart 
Transplantation Statistics). More recently efforts 
have been increasingly focused on the study of 
cardiac allograft vasculopathy (at present 13.3 % 
of patients die 10–15 years after transplantation 
and 11.7 % after 15 years) to permit early detec-
tion and follow-up of the disease with the goal of 
reduced morbidity and mortality.
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Now is probably the time for a closer look at 
malignancies, although the balance between 
under- and over-immunosuppression is complex.

While the malignancies commonly observed 
in the general population (e.g. lung, prostate, 
colo-rectal and breast cancer) occur at the same 
or slightly greater rates in heart transplant 
recipients, some that are rare in the general 
population are quite common in transplanted 
patients. For example, lympho-proliferative 
disorder, ano-genital squamous cell carcinoma 
and Kaposi sarcoma develop in this patient 
population on account of dysregulation of the 
immune system and/or viral infections (Nair 
et al. 2014).

This chapter examines risk factors for tumour 
initiation and development, the main groups of 
tumour encountered in heart-transplanted patients 
and therapeutic strategies.

20.2  Risk Factors for Tumour 
Development

Solid organ and haematopoietic stem cell trans-
plant (HSCT) recipients have an increased risk 
of developing malignancies. There is variation 
in the types and frequencies of malignancies in 
the different transplant groups, e.g. non-mela-
noma skin cancers are the most common in solid 
organ recipients and B-cell lymphomas the most 
common in HSCT patients. Moreover, within 
the solid organ group, heart and combined heart-
lung recipients have higher incidence than renal 
transplant patients. Previous studies have shown 
that lymphomas and visceral malignancies are 
four and six times, respectively, more common 
in cardiac transplantation compared to renal 
transplantation (Engels et al. 2011; Sampaio 
et al. 2012; Jiang et al. 2010).

Immunosuppressive therapy is the major risk 
factor in the development of malignancies, 
although various aspects of immunosuppressive 
regimens should be considered: type, intensity 
and duration. Each of these can also vary accord-
ing to recipient potential for developing acute 
rejection, such as pre-transplant panel- reactive 

antibody titres, donor-specific crossmatches and 
the number of rejection episodes after trans-
plantation. The direct toxic/oncogenic effects of 
some immunosuppressive agents as well as the 
increased risk of oncovirus activation (e.g. 
Epstein-Barr virus -EBV, human papillomavirus 
-HPV, and human herpesvirus-8 -HHV8) and/or 
reactivation are important related issues. 
Moreover current knowledge of the relationship 
between different immunosuppressant drugs, 
their duration and intensity and subsequent 
malignancy risk is still limited, as is the efficacy 
(and safety) of lower immunosuppression 
regimens.

Additional risk factors for post-transplant 
malignancies have been enumerated: older 
patients, recipient tumour history, genetic predis-
position for certain tumours and common risk 
factors such as smoking or high sun exposure 
(AlBugami and Kiberd 2014; Kuijken and 
Bouwes Bavinck 2000; Epailly et al. 2011).

In addition, many patients have multiple docu-
mented risk factors that further augment the over-
all predisposition for neoplasia.

Although a rare occurrence, there are pub-
lished case reports of malignancies developing 
following the transfer of malignant cells from the 
donor, via the transplanted organ. One should 
always keep this possibility in mind since the 
recipient immune system will be diminished by 
the immunosuppression, and cells with a differ-
ent genetic background will escape the normal 
host defence mechanisms (Pandanaboyana et al. 
2016; Buell et al. 2001).

20.2.1  Risks Related 
to Immunosuppressive Drugs

20.2.1.1  Induction 
Immunosuppression

• Antithymocyte globulin (ATG)
These polyclonal antibodies derived from 
 rabbit or equine sources belong to the group 
of lymphocyte-depleting agents. They are 
 effective, potent therapeutic drugs that 
promptly reduce circulating T-cells, and 
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B-cells. They are often used in induction 
protocols prior to transplantation in selective 
patient groups, e.g. presensitized patients, to 
reduce perioperative rejections and also after 
transplant in severe hemodynamic compro-
mise or refractory acute cellular rejection 
episodes. In heart transplantation there are 
only a few published studies demonstrating 
the usefulness of ATG as induction therapy 
or rejection treatment, and they show a ben-
efit in reducing acute cellular rejection epi-
sodes. Unfortunately, they are associated 
with an increased risk in late-onset cytomeg-
alovirus (CMV) infections, but this is 
avoided by instituting antiviral prophylaxis 
at the time of administration. There is an 
association with post-transplant malignan-
cies, especially lymphomas, skin cancer and 
lung cancer when ATG is used repeatedly in 
high doses (Ducloux et al. 2004; Gharekhani 
et al. 2013).

• OKT3
This murine antibody targets T-cells by bind-
ing to the T-cell receptor complex in the CD3 
region of the T-cell and inhibiting its function. 
T-cell depletion enhances susceptibility to a 
variety of viral infections. Repeated intrave-
nous bolus injections or prolonged high doses 
precipitate an increase in post-transplant lym-
phoproliferative disorders. Other viral- 
associated neoplasms such as ano-genital 
squamous cancers due to HPV and Kaposi 
sarcoma associated with HHV8 have been 
reported (Swinnen et al. 1990; Kobashigawa 
and Patel 2006). The drug was withdrawn 
from clinical utilization in 2009 due to reduced 
clinical demand.

• Anti-CD52 antibodies
Anti-CD52 antibodies such as alemtuzumab 
target T-cells, natural killer (NK) cells, mono-
cytes, macrophages and B-cells act by binding 
to the glycoprotein CD52. They are used pri-
marily for induction therapy although it has 
been initiated as rescue therapy in some solid 
organ transplant recipients. Leukopenia, 
delayed T-cell cell recovery, cytokine release 
syndrome and autoimmune disorders such as 

haemolytic anaemia and thyroiditis are 
reported complications, but there are no 
reports of increased viral infections or malig-
nancy. That said only a few clinical trials with 
small numbers of patients have been published 
to date so that information of the drug’s neo-
plastic potential is scarce (Söderlund and 
Rådegran 2015).

• Interleukin-2 (IL-2) receptor antagonists
This group of non-lymphocyte-depleting bio-
logics are directed at the alpha chain of the 
IL-2 receptor of T-cells and act to inhibit 
T-cell differentiation and proliferation. Neither 
basiliximab nor daclizumab has been associ-
ated with increased risk for infection or 
malignancy.

20.2.1.2  Maintenance 
Immunosuppression

• Cyclosporin A (CyA)
This agent uses calcineurin inhibition to 
 prevent T-cell proliferation and differentia-
tion. Apart from its recognized nephrotoxic-
ity, gingival hyperplasia is a prominent side 
effect (Ho et al. 2010). These are often indi-
cations to consider switching to other calci-
neurin inhibitors or reducing the dosage 
used for patients. One mechanism is up-reg-
ulation of the plasminogen activator inhibi-
tor-1 pathway that promotes the 
accumulation of extracellular matrix seen in 
gingival hyperplasia. Furthermore, CyA 
appears to increase the development of basal 
cell carcinoma and squamous cell carci-
noma, possibly due to its influence on the 
p53-pathway and its role in DNA repair after 
ultraviolet-light exposure (Krynitz et al. 
2016). Therefore, typical precautions with 
respect to sunlight are essential for patients 
after transplant (Kuijken and Bouwes 
Bavinck 2000).

• Azathioprine (AZA)
This antimetabolite drug inhibits purine 
nucleotide synthesis in the cell cycle of  
both T- and B-cells. It was one of the first  
immunosuppressive drugs and has been 
largely replaced by mycophenolate mofetil as 
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the anti-proliferative agent of choice in most 
centres (Keogh et al. 2004; David et al. 2005; 
Eisen et al. 2005). AZA appears to be associ-
ated with increased incidence of post- 
transplant malignancies (Kobashigawa et al. 
1998), especially lymphoproliferative disor-
ders and acute myeloid leukaemia, as it 
impairs DNA repair (Swann et al. 1996; 
O’Donovan et al. 2005). Acute myeloid leu-
kaemia is considered a separate form, but, on 
account of its rarity, it is difficult to estimate 
the contribution of AZA as a risk factor 
(Rashidi and Fisher 2014).

• Mycophenolate mofetil (MMF)
Like AZA, it inhibits the cell cycle of both 
T- and B-lymphocytes by reversibly block-
ing the enzyme that is critical to guanosine 
synthesis, type 2-inosine-monophosphate- 
dehydrogenase (IMPDH). Its primary 
adverse effects are gastro-intestinal and, 
less commonly, pulmonary (Keogh et al. 
2004; David et al. 2005). It is not associated 
with increased risk for malignancy, but there 
is a potential interaction with antiviral drugs 
like acyclovir and ganciclovir.

• Proliferation signal inhibitors (PSI) (mamma-
lian target of rapamycin – mTOR – inhibitors)
This recent class of immunosuppressive 
drugs, which includes sirolimus and everoli-
mus, inhibits the proliferation and differenti-
ation of both T-cells and B-cells by binding 
to the tacrolimus binding protein (FKBP12). 
Principle among their reported side effects is 
impaired wound healing and lung and renal 
toxicity. Interestingly, these compounds also 
appear to have antineoplastic properties 
(Geissler 2008; 2015; Valantine 2007), as 
they have antiproliferative effects and can 
also interfere with several pro-oncogenic 
pathways of malignancy development 
(Dantal and Pohanka 2007). Indeed mTOR 
inhibitors are currently registered for the 
treatment of some breast cancers and renal 
clear cell carcinoma – although at higher 
dosages than are used for transplant 
immunosuppression.

20.3  Malignancies Occurring 
in Heart-Transplanted 
Patients

20.3.1  Post-transplant 
Lymphoproliferative 
Disorders

Post-transplant lymphoproliferative disorders 
(PTLDs) are defined as lymphoid or plasmacytic 
proliferations that develop as a consequence of 
immunosuppression following solid organ or 
haematopoietic cell transplantation (Swerdlow 
et al. 2008).

Four general types of PTLDs are described in 
the fourth edition of the WHO classification of 
haematopoietic and lymphoid tissue:

• Early lesions
• Polymorphic PTLD
• Monomorphic PTLD
• Classical Hodgkin lymphoma PTLD

Indolent small B-cell lymphomas such as fol-
licular lymphoma and EBV-negative extranodal 
marginal zone lymphoma arising in transplant 
patients are currently not considered PTLD. There 
are rare exceptions such as EBV+ mucosa- 
associated neoplasms (MALT lymphoma).

An updated PTLD classification is forthcom-
ing, although it is likely that the current scheme 
will not be substantially altered.

PTLD risk and incidence depends on the inten-
sity and type of immunosuppressive regimen and 
the type of organ transplanted: recent data describe 
an incidence of PTLDs between 3 and 9 % in 
heart and lung transplantation compared with 
1.4–2.9 % in renal transplantation and 0.9–2.6 % 
in liver transplantation. A recent study in cardiac 
recipients reported an incidence of 5.4 % in a pop-
ulation of 763 patients transplanted between 1984 
and 2010 (Kumarasinghe et al. 2015).

The most important risk factor for PTLD is 
EBV serum negativity at the time of transplanta-
tion, thus explaining the high rate in children and 
young adults (Caillard et al. 2006; Webber 1999).
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Up to 30 % of PTLDs are EBV negative 
(even more in some studies) (Leblond et al. 
1998; Nelson et al. 2000): these are more likely 
to be of monomorphic type and tend to occur 
later than EBV-positive cases, on average 4–5 
years later (Nelson et al. 2000; Leblond  
et al. 1998).

CMV negativity at the time of transplantation 
may also be associated with increased incidence 
of PTLDs, and the effects of EBV and CMV may 
be synergic (Jaffe 2011).

Most PTLDs present within 1 year of trans-
plantation and the clinical presentation is often 
non-specific. Allograft involvement makes the 
differential diagnosis between lymphoma and 
rejection challenging, but cardiac localization 
by PTLD is rare (2.4 % according to 
Kumarasinghe G. et al.) (Fig. 20.2). General 
features that support the diagnosis of lym-
phoma are the presence of a mass-forming 
lesion, a B-cell-rich infiltrate, lymphoid cyto-
logic atypia and extensive necrosis. Paraffin 
section immunohistochemistry and EBV in 
situ hybridization are useful tools to distin-
guish rejection from PTLD, as are flow cytom-
etry, clonality studies and mutational analysis. 
Lymphomas involving the heart allograft are 
more likely to be disseminated, and aggressive 
neoplasms develop in a significantly shorter 
time from transplantation (Khedmat and 
Taheri 2011).

Early lesions These are lymphoplasmacytic 
proliferations characterized by architectural 
preservation and admixture of polyclonal 
T-cells, B-cells and/or plasma cells. The term 
“early” implies a pathogenetic rather than a 
temporal focus, as many cases arise years after 
transplantation. They are classified as plasma-
cytic hyperplasia or infectious mononucleosis-
like lesions (IM-like); the distinction depends 
on the number of transformed cells (immuno-
blasts). Some authors recognize florid follicular 
hyperplasia as a third type of early lesion. 
These occur at a younger age than other PTLDs 
and are often seen in extranodal sites such as 

tonsils and adenoids in patients with no prior 
EBV infection. They can regress spontaneously 
with the reduction of immunosuppression or 
precede polymorphic or monomorphic PTLDs 
in some cases. Most of these proliferations are 
EBV positive, although the positivity may be 
variable. There are no clear criteria to distin-
guish these early lesions from the other reactive 
lymphoplasmacytic proliferations, and diagno-
sis rests on clinical correlations and presence of 
increased numbers of EBV+ cells compared to 
immunocompetent patients. Small monoclonal 
or oligoclonal populations may be demon-
strated with Southern blot, but their signifi-
cance is unknown.

Polymorphic PTLDs (P-PTLDs) These are 
lymphoplasmacytic proliferations that efface 
the architecture of underlying tissue or form 
destructive masses but do not fulfil the criteria 
for any of the recognized types of lymphoma. 
P-PTLDs are defined as an admixture of the full 
range of B-cell maturation (immunoblasts, 
plasma cells, small- or intermediate-sized lym-
phoid cells and scattered large bizarre cells that 
resemble Reed-Stenberg cells) with a variable 
proportion of heterogeneous T-cells.

P-PTLDs and monomorphic PTLDs of B-cell 
origin form a morphologic spectrum, so clonally 
rearranged immunoglobulin genes are not infre-
quent in P-PTLDs, but the clones are less domi-
nant than in monomorphic PTLDs; T-cell clones 
are not expected. Most P-PTLDs contain numer-
ous EBV-positive cells.

Monomorphic PTLDs (M-PTLDs) These are 
lymphoid or plasmacytic proliferations that ful-
fil the criteria for one of the non-Hodgkin lym-
phomas or plasma cell neoplasms that arise in 
the immunocompetent host. They are catego-
rized according to the WHO classification and 
should be designated as M-PTLDs in the diag-
nostic report. The major types are diffuse large 
B-cell lymphoma, Burkitt lymphoma and 
plasma cell myeloma/plasmacytoma. In North 
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America and Western Europe, peripheral T-cell 
and T/NK cell neoplasms account for less than 
15 % of PTLDs. Mucosa-associated lymphoid 
tissue lymphomas and other small B-cell lym-
phomas are not considered PTLDs. Clonal 
immunoglobulin gene or T-cell receptor gene 
rearrangement is characteristic of M-PTLDs. 
EBV positivity is more variable than other 
categories.

Classical Hodgkin lymphoma PTLD (CHL- 
PTLD) It fulfils the criteria for classical 
Hodgkin lymphoma in the immunocompetent 
host and is the least common major form of 
PTLD. CHL- PTLD often resembles mixed cel-
lularity classical Hodgkin lymphoma. Reed-
Stenberg cells should be both CD15 and CD30 
positive and weak PAX5 positive, in order to 
distinguish a CHL-PTLD from a Hodgkin-like 
polymorphic lesion, such as ALK+ anaplastic 
lymphoma. In differential diagnosis detecting 
EBV in small- and medium-sized lymphoid 
cells is a useful tool.

PTLD mortality rates have been historically 
high and vary widely (32 % 5-year overall sur-
vival in the American Registry and 20 % in the 
Spanish study group). More recent studies have 
suggested improved survival with anti-CD20 
monoclonal antibody therapy like rituximab and 
other therapeutic strategies, but there are limited 
large series for comparison.

The first-line management is reduction of 
immunosuppression, as it may reverse the lym-
phoproliferative process in some cases, particu-
larly the “early” lesions and a subset of 
polymorphous-PTLD. Unfortunately this is not 
always feasible because of the increased risk of 
acute rejection (Tsai et al. 2001).

Other potential treatments include antiviral 
therapy, monoclonal antibodies such as anti-
 CD20 monoclonal antibody and conventional 
chemotherapy in cases of therapeutic failure 
with rituximab. Surgery or radiation may be 
considered for selected patients with localized 
lesions. Surgery may be necessary in the setting 

of organ perforation or obstruction (Choquet 
et al. 2006).

An uncommon manifestation of EBV+ pro-
liferations is in the form of smooth muscle 
neoplasms (Deyrup et al. 2006; Jonigka et al. 
2012). The morphologic spectrum ranges from 
benign leiomyomas to leiomyosarcoma, and 
the cells are immunoreactive for smooth mus-
cle markers like desmin and caldesmon. In situ 
hybridization for EBV-encoded RNA (EBER) 
shows strong nuclear staining.

At the end of the chapter, a wide selection of 
illustrative cases of PTLD from different solid 
organ transplant and HSCT patients is 
provided.

20.3.2  Skin Neoplasms

The skin is the most common site for malignancy 
in Caucasian organ recipients, with one patient in 
two developing at least one cutaneous neoplasm 
during their follow-up (Euvrad et al. 2003).

These tumours, especially non-melanocytic 
tumours, seem to be more frequent in heart recip-
ients than in liver and renal transplantations, but 
this is not confirmed in all cohort studies (Euvrad 
et al. 2006; Jensen et al. 1999).

Cumulative risk of development of a skin 
neoplasm such as squamous cell carcinoma, 
basal cell carcinoma and Merkel cell carci-
noma increases with time, intensity and dura-
tion of immunosuppression, sun exposure 
history, geographic location and skin type 
according to the Fitzpatrick scale (Euvrad 
et al. 2003). The impact of specific immuno-
suppressant drugs on the development of skin 
cancer is still debated, but mTOR inhibitors 
may reduce the risk for non- melanoma skin 
neoplasms, while MMF seems to increase the 
risk (Campbell et al. 2012; Euvrad et al. 
2003).

The pathways that lead to an elevated risk 
for cutaneous malignancies in transplanted 
patients are complex, and proposed mecha-
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nisms include reduced immune surveillance, 
direct carcinogenic effects of immunosuppres-
sive drugs and proliferation of oncogenic 
viruses (e.g. HPV and Merkel cell 
polyomavirus).

Squamous cell carcinoma (SCC) is the pre-
dominant skin neoplasm in this group, consti-
tuting 90 % of the lesions, followed by basal 
cell carcinoma (BCC), Merkel cell carcinoma 
(MCC) and Kaposi sarcoma (KS). Solid organ 
transplantation is associated with a slightly 
increased risk for melanoma (it is higher in 
HSCT recipients), but this neoplasm remains 
rare in heart recipients compared to other skin 
tumours.

Clinical presentation and morphologic appear-
ance of SCC and BCC in transplant recipients are 
similar in the general population; these neo-
plasms are more frequent in older males and most 
often develop in sun-exposed areas.

The prognostic value of the seventh edition 
American Joint Committee on Cancer (AJCC) 
staging system has been substantiated in a retro-
spective study including heart transplant patients 
(Metchnikoff et al. 2012). High-risk factors 
should be highlighted in the pathology report 
(i.e. >4 mm depth, perineural and lymphovascu-
lar invasion, primary site on the ear or lip, poorly 
differentiated histology) (Leboit et al. 2006).

In immunocompromised patients SCCs and 
BCCs are often multiple and tend to be more 
aggressive, with high tumour burden and fre-
quent local recurrence (Brewer et al. 2009). In 
a multicentre collaborative study by Martinez 
and colleagues, 5–8 % of transplant recipients 
developed metastases from non-melanoma 
skin cancer (Martinez et al. 2003) with its 
attendant poor prognosis. A study performed 
in Australia reported a 42 % mortality rate in 
cardiac transplant patients with non-melanoma 
skin cancer, but this rate seems to be much 
lower in other countries and is closely linked to 
early management and geographic consider-
ations (Veness et al. 1999). Even in organ graft 
recipients, death due to SCC and BCC is pre-

ventable in most cases with early detection and 
aggressive clinical management.

Merkel cell carcinoma arising in transplant 
patients tends to have an aggressive course with 
approximately 70 % of patients developing lymph 
node involvement. At 2 years, the mortality rate 
is 56 % (Bajetta et al. 2007).

The management of SCC, BCC and MCC in 
heart recipients is based on surgical excision 
with adequate margins and usually parallels 
the management in immune-competent 
patients. In the metastatic setting, conventional 
chemotherapy should be considered, but data 
on its efficacy and safety for this group are 
limited.

Kaposi sarcoma is the most frequent skin neo-
plasm in African-American transplant recipients 
and, unlike other cutaneous malignancies, often 
develops in the first 2 years after organ transplan-
tation. The clinical presentation resembles that of 
classic KS, manifesting as angiomatous lesions 
predominantly affecting the legs. Visceral 
involvement is especially common in heart recip-
ients as it develops in 50 % of KS cases, twice as 
frequently as in renal recipients (Euvrad et al. 
2003). HHV-8 is demonstrated in the neoplastic 
cells of KS, frequently with serologic evidence of 
infection.

The primary therapy for KS in transplant 
patients is a reduction in immunosuppression. 
Complete tumour regression of cutaneous 
lesions has been reported after switching from 
cyclosporine to sirolimus (Stallone et al. 2005).

20.3.3  Other Tumours

In recent years survival of heart transplanted 
patients has improved, and the overall rate of 
malignancy has decreased. However, as cardiac 
transplant patients live longer, the risk of develop-
ing other neoplasms not unique to this group 
remains high, at least as high as for the  general 
population (Collett et al. 2010; Higgins et al. 2014). 
The ISHLT registry 2010 report gave the combined 
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incidence of non-skin, non-lymphoproliferative 
malignancies as 1 %, 7 %, 15 % and 22 % at 1, 5, 10 
and 14 years after transplant (Stehlick et al. 2010).

In most studies greater age, male gender and 
frequent episodes of treated allograft rejection 
are related to an increased incidence of solid neo-
plasms (Collett et al. 2010; Stehlick et al. 2010; 
Crespo-Leiro et al. 2010).

Another important factor for tumour develop-
ment in the transplant era is that the probability 
of neoplasm has decreased in recent years com-
pared to the early 90s (Higgins et al. 2014; 
Stehlick et al. 2010).

A recent study by Higgins and colleagues com-
pared the malignancy rate in the Cardiac 
Transplant Research Database with that in the 
Surveillance Epidemiology and End Results 
(SEER) Cancer Statistics Review: after correction 
for age, gender and race, they found that the aggre-
gate malignancy rate for transplanted patients in 
the modern era does not significantly differ from 
that of the non-transplanted population.

In recent years, while some cancers have 
declined in incidence, others such as lung cancer 
have remained high. Lung cancer occurs more fre-
quently in heart recipients than in the general popu-
lation, with an actual/expected ratio of 1.86 (Higgins 
et al. 2014). Most of these pulmonary neoplasms 
are carcinomas, but mesothelioma and carcinoid 
tumours have also been reported. Patients trans-
planted at 55–65 years are at highest risk for lung 
cancer (Rinaldi et al. 2001; Strecker et al. 2013).

In male recipients the second most frequent 
solid neoplasm is prostate cancer and in females 
breast cancer, mirroring the incidence in the non- 
transplanted population (Higgins et al. 2014). 
Standard therapeutic interventions such as sur-
gery, radiation therapy and chemotherapy are 
used depending on the tumour type and stage. In 
general the prognosis is similar to that of the gen-
eral population.

20.4  Management of Recipients

Management of heart transplant patients, with 
their higher risk of developing malignancies, is a 
complex process and should involve a multidisci-
plinary approach.

It starts before transplantation with an indi-
vidualized assessment of recipient risk factors 
(individual and familial history of malignancy 
and general risk factors, such as smoking, sun 
exposure, oncovirus infections, etc.) and pro-
ceeds to careful pre-transplant screening for 
tumours or premalignant lesions and for biologi-
cal markers of tumour risk.

After transplantation, early diagnosis of neo-
plasms and premalignant conditions is essential: 
these patients should be more frequently 
screened than the general population, using the 
usual tests for tumour prevention (Nägele et al. 
1999), as clearly underlined by current ISHLT 
guidelines for the care of heart transplant recipi-
ents (Costanzo et al. 2010).

All patients - and paediatric recipients - in par-
ticular should have frequent monitoring of 
peripheral blood EBV loads to identify patients 
at higher risk for PTLD.

The last step is modulating immunosuppres-
sive therapy when malignancies occur. There 
are no randomized studies exploring this issue 
and practice varies from centre to centre. 
Recently, a group of transplant cardiologists, 
surgeons and oncologists, relying on both pub-
lished and  personal experience, have attempted 
to establish clinical guidelines for cardiac 
recipient patients with malignancy, with the 
specific aim of reducing the immunosuppres-
sion burden (Fig. 20.1). In this guide the authors 
emphasize the importance of a multidisci-
plinary approach with collaboration between 
the various clinical and laboratory specialists 
(Epailly et al. 2011).
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Heart transplant recipient with
post-transplant malignancy
Skin cancer

Solid organ cancer
PTLD
Kaposi’s sarcoma

Oncological multidisciolinary team assessment
and assess immunological risk of patient

Monitor for acute rejection. cancer progression and drug-drug interaction

BCC, basal cell carcinoma; inhibitor; MPA, mycophenolic  acid; PSIs/mTOR inhibitors, proliferation signal  inhibitor/mammalian
target of rapamycin inhibitor: PTLD, post-transplant lymphoproliferative disorder: SSC, squamous cell carcinoma (recommended 
trough levels: 3–8 ng/mL for everolimus and 5–15 ng/mL for sirolimus).

*If the patient is to receive surgery for cancer, delay the initiation of PSIs/m TOR inhibitors until the risk of wound healing has
subsidied. †Decreases MPA dose if converting from CsA and using in combination with everolimus or sirolimus.

Introduce PSIs/mTOR inhibitors* Introduce PSIs/mTOR inhibitors*
Stop CNI
Stop axathioprine and introduce MP agent†

Reduce CNI
Monitor for acute rejection

Withdraw CNI
Introduce MPA agent†  (if required

No acute rejection

High acute
rejection risk

Low acute
rejection risk

CNI minimization CNI elimination

First SCC
Recurrent BCC

Fig. 20.1 Proposed algorithm for management of post-transplant malignancies with proliferation signal inhibitors 
(From Epailly et al. 2011)
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Fig. 20.2 (a) The tonsils and adenoids showed early 
lesion PTLD with florid reactive follicular hyperplasia 
(Haematoxylin-eosin, ×40). (b) High power showing 
prominent reactive germinal centre within the tonsillar tis-
sue (Haematoxylin-eosin, ×200). (c) CD20 immunohisto-
chemical staining highlights B-cells within the germinal 

centres (×50). Kappa and lambda light chain staining 
demonstrated a polytypic pattern (not shown). (d) In situ 
hybridization for EBV RNA shows marked increase in 
EBV in many of the germinal centres (×60). (e) CD3+ 
highlights the T-cells in the interfollicular regions (×50). 
(f) BCL2 shows a normal staining pattern (×50)
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Fig. 20.3 (a) Partial effacement of the nodal architecture 
with expansion of the paracortical regions by a mixed 
infiltrate (Haematoxylin-eosin, ×40). (b) High-power 
magnification of the paracortical region showing a poly-
morphous collection of small lymphocytes, plasmacytoid 
lymphocytes and immunoblasts (Haematoxylin-eosin, 
×400). (c) Both the small and large cells are immunoreac-

tive against the B-cell marker-CD20 (×400). Flow cytom-
etry on the lymph node showed a heterogeneous 
population of lymphocytes, including mostly T-cells and 
fewer B-cells and NK-cells. The B-cells showed polytypic 
light chain expression (not shown). (d) Strong EBV posi-
tivity mirroring the CD20 B-cell staining in the paracorti-
cal regions (×100)
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a b

c d

e f

Fig. 20.4 (a) Complete effacement of nodal architecture 
with foci of necrosis (Haematoxylin-eosin, ×40). (b) 
High-power magnification showing sheets of monotonous 
atypical large lymphoid cells (Haematoxylin-eosin, 
×400). (c) Strong diffuse staining of neoplastic cells with 

the B-cell marker, CD20 (×200). (d) Diffuse staining for 
EBER by EBV in situ hybridization (×100). (e) High pro-
liferation rate of 50–60 % by Ki-67 immunostaining 
(×100). (f) Positive CD30 staining of 50 % (×400)
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Fig. 20.5 (a) Gastric antrum showing extensive infiltra-
tion by an atypical lymphoid infiltrate (Haematoxylin- 
eosin, ×100). (b) High-power magnification showing a 
monotonous population of large lymphoid cells with 
intraepithelial intrusion (Haematoxylin-eosin, ×600). (c) 
Diffuse CD20 immunoreactivity indicating diffuse large 

B-cell lymphoma (×200). (d) Myeloma-associated onco-
gene (MUM1, IRF4) showing nuclear positive staining 
supporting non-germinal centre origin (×200). (e) High 
proliferation rate of 80 % shown by Ki67 staining (×200). 
(f) EBV in situ hybridization for EBER is negative (×200)
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Fig. 20.6 (a) Atypical lymphoid cells are seen within the 
portal tracts and in sinusoidal spaces (Haematoxylin- 
eosin, ×200). (b) High-power magnification showing 
atypical medium-sized lymphocytes and small lympho-
cytes within the portal tracts (Haematoxylin-eosin, ×600). 
(c) The atypical cells weakly react against the NK-/T-cell 

marker CD56 (×400). (d) The same population of cells 
demonstrates EBV positivity by in situ hybridization 
(×200). (e) These cells are also CD8+ (shown) and CD3+ 
(not shown) (×400). (f) The small lymphocytes are pre-
dominantly CD4+ (×400)
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Fig. 20.7 (a) At post-mortem multiple discrete nodular 
densities were present throughout the lung fields. (b) The 
initial nasopharyngeal biopsy showing sheets of monoto-
nous mononuclear cells infiltrating the nasopharyngeal 
tissues (Haematoxylin-eosin, ×100). (c) High-power mag-
nification showing atypical plasma cells with variable 
nuclear size and shapes including binucleated forms 

(Haematoxylin- eosin, ×400). (d) Immunohistochemical 
staining showed strong diffuse staining for the plasma cell 
marker, CD138 (×400). Flow cytometry of the specimen 
demonstrated kappa light chain restriction (not shown). 
(e) In situ hybridization for EBER (EBV) is positive 
(×200). (f) The B-cell marker, CD20, is negative (×200)

20 Malignancies After Heart Transplantation



344
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Fig. 20.8 (a) Effacement of the nodal architecture by a 
mixed cellular population (Haematoxylin-eosin, ×100). 
(b) High-power magnification showing large atypical 
mononuclear cells and diagnostic Reed-Sternberg (RS) 
cells admixed with eosinophils, lymphocytes and plasma 
cells (Haematoxylin-eosin, ×400). (c) CD15 immunoreac-

tivity of large cells exhibiting the classic Golgi and para-
nuclear staining (arrow) (×400). (d) Similar staining of 
RS cells with PAX5 (arrow) (×400). (e) EBV in situ 
hybridization staining of large cells (×200). (f) Negative 
staining of RS cells with ALK (×400). The RS cells 
showed CD30 immunoreactivity (not shown)
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Fig. 20.9 (a) Low-power magnification of lesion con-
taining a spindled cell lesion arranged in lobular aggre-
gates (Haematoxylin-eosin, ×5). (b) In situ hybridization 
for EBV RNA (EBER) showing diffuse staining of spin-

dled cells (×400). (c) Bland smooth muscle cells admixed 
with scattered lymphocytes. Strongly desmin and caldes-
mon positive (not shown) (haematoxylin-eosin, ×400)
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Fig. 20.10 (a) Low-power examination of the node 
shows hyperplasia of the mantle zone regions and atretic 
germinal centres (Haematoxylin-eosin, ×40). (b) The 
interfollicular regions contain small- to medium-sized 
atypical lymphocytes with irregular nuclear contains 
admixed with blood vessels, small lymphocytes and 
eosinophils (Haematoxylin-eosin, ×400). (c) Rare 
CXCL13+ cells (shown, ×400) along with a mild 

increase in CD21+ follicular dendritic cells and a mild 
increase in PD-1 follicular helper cells (not shown) was 
observed by immunohistochemical staining. By flow 
cytometry an atypical CD4+ T-cell population with dim 
CD3 and partial loss of CD7 was demonstrated. Clonality 
studies showed a T-cell clone. (d) EBV negative by in 
situ hybridization (×200)
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Fig. 20.11 (a) Bone marrow biopsy core showing a pop-
ulation of small lymphocytes admixed with haematopoi-
etic elements (Haematoxylin-eosin, ×600). (b) The 
peritoneal fluid removed by paracentesis documenting 
recurrence after the second transplant. Numerous atypical 

lymphocytes with indented, eccentric nuclei, variably 
prominent nucleoli and abundant cytoplasm (Diff Quik 
×600). (c) CD3 immunostaining of the bone marrow 
showing numerous T-cells (×400). (d) The majority of the 
T-cells are CD4+ (×400)

Key Points

• Immunosuppressive therapy is the major 
factor contributing to the development 
of malignancies (intensity and duration 
of immunosuppression, various and dif-
ferent regimens).

• Other risk factors: older patients, recipient 
history of neoplasm, genetic predisposition 
for certain tumours, usual risk factors such 
as smoking or ultraviolet light exposure.

• Transferring malignant tumour cells 
from the donor to the recipient is a rare 
occurrence.

• The most frequent malignancies occur-
ring in heart transplant patients are:

 – Post-transplant lymphoproliferative 
disorders;

 – Non-melanoma skin neoplasms 
(squamous cell carcinoma, basal cell 
carcinoma, Merkel cell carcinoma, 
Kaposi sarcoma);

 – Lung cancer among solid tumours.
• Patient management is complex and 

should be multidisciplinary:
 – Individualized assessment of recip-

ient risk (individual and familial 
history of malignancy and general 
risk factors, such as smoking, sun 
exposure, oncovirus infections, 
etc.);
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Illustrative Cases

Case 1 (Fig. 20.2): PTLD, Early Lesion, 
Florid Follicular Hyperplasia. This 
10-year-old girl had undergone heart 
transplantation 7 years ago for hypoplas-
tic left heart syndrome after modified 
Norwood procedure. Her course was 
complicated by EBV sero-conversion 
with rising EBV titres by PCR and then 
classical Hodgkin lymphoma type- 
PTLD, stage IVb 4 years after transplant. 
She was treated by combined chemo-
radiation with complete clinical 
response. Three years later she under-
went bilateral tonsillectomy and ade-
noidectomy for obstructive sleep apnoea.

Case 2 (Fig. 20.3): Polymorphic-Type 
PTLD. This 4-year-old girl with con-
genital biliary atresia and a failed Kasai 
procedure at 8 weeks of age underwent 
a cadaveric liver transplant at 2 years of 
age. Two years later she presented with 
cervical adenopathy that was excised. 
At that time her blood EBV PCR was 
144,000 copies per ml. A baseline 
PET- CT was obtained on March 24, 
2010, which showed multiple FDG-
avid lymph nodes in the bilateral neck 
region. She was treated with four doses 

of rituximab with complete resolution 
of adenopathy.

Case 3 (Fig. 20.4): Monomorphic-Type 
PTLD. 30-year-old woman with adult- 
onset polycystic kidney disease had 
undergone living-related kidney trans-
plant. Eight months later she developed 
a rapidly enlarging left neck mass along 
with drenching night sweats, fatigue and 
bone pain involving hips and femurs. 
An excisional lymph node biopsy 
yielded a 2.4 × 2.4 cm node. She was 
staged as clinical stage IVb and received 
four cycles of rituximab with reduced 
immunosuppression that produced an 
excellent clinical response.

Case 4 (Fig. 20.5): EBV-Negative 
Monomorphic PTLD. This 27-year-old 
woman had undergone living-related 
renal transplant 16 years previously for 
acute glomerulonephritis diagnosed at 
age 10 after presenting with proteinuria 
and haematuria. She was initially main-
tained on triple therapy with tacrolimus, 
prednisone and mycophenolate mofetil 
(MMF) but MMF was discontinued. 
She had an episode of acute T-cell- 
mediated rejection requiring intrave-
nous methylprednisolone and a 
prednisone taper and re-institution of 
MMF. She presented with epigastric 
pain of 4 months duration. Upper and 
lower gastrointestinal endoscopy was 
performed with multiple biopsies of the 
stomach, duodenum, ampulla and 
colonic ulcers and polypoid lesions all 
showing the same morphology. 
Rituximab therapy was initiated with an 
excellent clinical response.

Case 5 (Fig. 20.6): Monomorphic PTLD, 
Extranodal NK/T-Cell Lymphoma. 
This 48-year-old man with end-stage 
liver disease secondary to alcoholic cir-
rhosis and haemochromatosis under-

 – Pre-transplant screening for tumours 
or premalignant lesions and for bio-
logical markers of tumour risk;

 – Early diagnosis of neoplasms and 
premalignant conditions after 
transplantation;

 – Modulating immunosuppressive 
therapy when malignancies develop 
(lack of randomized studies on this 
issue; centre practices vary);

 – Consultation and multidisciplinary 
collaboration is essential.
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went hepatic transplantation. His 
post-transplant course was complicated 
by acute chronic renal failure, recurrent 
ascites, heart failure, fever and sepsis. 
A liver biopsy was performed within 
the first month after transplant.

Case 6 (Fig. 20.7): Monomorphic PTLD, 
Plasma Cell Type. This 22-year-old 
man with a history of aplastic anaemia 
received a mismatched unrelated allo-
geneic human stem cell transplant. His 
course was complicated by rejection, 
neutropenic fevers, EBV viremia, 
Clostridium difficile colitis, left neck 
lymphadenopathy and a nasopharyn-
geal mass. The nasopharyngeal lesion 
was biopsied and showed a monotonous 
plasma cell lesion. The patient contin-
ued to have worsening respiratory sta-
tus and received five rounds of radiation 
to the nasopharynx. A follow-up CT 
scan showed persistent oedema, com-
plete opacification of all the paranasal 
sinuses, persistent large soft tissue 
prominence filling the nasopharyngeal 
cavity and retropharyngeal regions and 
enlarging pulmonary nodules.

Case 7 (Fig. 20.8): Classical Hodgkin 
Lymphoma-Type PTLD. This 62-year-old 
man presented with night sweats, weight 
loss and supraclavicular lymphadenopa-
thy 20 years following renal transplant. 
Atypical lymphoid cells were observed 
on fine needle aspiration smears. An 
excisional biopsy of a left level IV cervi-
cal lymph node was performed.

Case 8 (Fig. 20.9): EBV-Associated 
Smooth Muscle Neoplasm. This 10-year-
old girl was post heart transplant (per-
formed at 2 months of age for left 
ventricular non-compaction) when she 
presented with abdominal distension 
and pain. CT and MRI imaging revealed 
a mass in the transverse colon. A polyp-

ectomy produced a 2.0 × 1.8 × 1.6 cm 
polypoid lesion.

Case 9 (Fig. 20.10): Angioimmunoblastic-
Like Peripheral T-Cell Lymphoma-Type 
PTLD. This 13-year-old boy underwent 
heart transplant at 2 years of age for 
heterotaxy, dextrocardia, double outlet-
right ventricle, pulmonic stenosis, 
atrioventricular septal defect and situs 
inversus (with retained Glenn). He pre-
sented with generalized lymphadenop-
athy, shortness of breath and a left 
cranial nerve palsy at age 6. Lymph 
node biopsy showed an EBV-negative, 
angioimmunoblastic T-cell lymphoma. 
He recurred multiple times after sys-
temic multidrug chemotherapy and 
underwent an autologous peripheral 
blood stem cell transplant in August 
2015 following conditioning with mul-
tiple chemotherapy drugs. One of the 
excisional lymph node biopsy speci-
mens from a left axillary nodal recur-
rence is presented.

Case 10 (Fig. 20.11): PTLD, T-Cell 
Prolymphocytic Leukaemia Type. This 
68-year-old man was 3 years post-
matched unrelated donor (MUD) non-
myeloablative haematopoietic cell 
transplant (HCT) for high-risk chronic 
lymphocytic leukaemia (11q23 and 17p 
Del) when he developed a T-cell pro-
lymphocytic leukaemia (PLL). Flow 
cytometry identified a homogeneous 
population of T helper cells expressing 
CD38, CD7 and CD2; bright CD5, CD3 
and CD4; partial dim CD8 (with anom-
alous dual CD4/CD8); and lack of TdT 
expression. He underwent a second 
transplant following chemotherapy 
failure. This course was complicated by 
chronic graft-versus-host-disease sero-
sitis and fasciitis and then abdominal 
distention, nausea and vomiting.
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21.1  Background

Kidney disease is a frequent and increasingly 
 recognized complication of heart transplantation. 
Renal failure, in both the acute and chronic set-
ting, increases the complexity of patient manage-
ment and significantly contributes to early and 
late post-transplant morbidity and mortality. 
Chronic kidney disease in this population is asso-
ciated with a four- to fivefold increased risk of 
death after transplant.

Although there is no uniform definition of 
chronic kidney disease (CKD) after heart trans-
plantation, prevalence rates range from 10 % to 
over 90 % (Bloom and Doyle 2006). The most 
comprehensive assessment to date, using an esti-
mate of kidney function, defines severe CKD as a 
glomerular filtration rate (GFR) of 29 ml/min/m2 of 
body surface area or less.

The level of kidney function before organ 
transplantation is a risk factor for developing kid-
ney insufficiency later.
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Deterioration in kidney function typically 
begins within the first 6 months after transplanta-
tion and progressively declines thereafter, 
although it has been demonstrated that GFR at 
one month is the only predictive factor for the 
decrease in GFR seen at 24 months. The predic-
tive value of the 1-month serum creatinine is 
probably related to pre-existing kidney insuffi-
ciency or to renal ischemia associated with the 
transplantation procedure as well as to nephro-
toxic drugs administered in the peri-transplant 
period. In addition, the 1-month creatinine may 
be a marker for individuals who are more sensi-
tive to the nephrotoxic effects of calcineurin 
inhibitors. Despite relatively limited life expec-
tancies for heart transplant recipients, at least 
3–10 % of these patients will ultimately go on to 
develop end-stage renal disease 10 years after 
transplant. In fact, recent Scientific Registry of 
Transplant Recipients analysis of 69,321 non-
renal solid organ recipients surviving the first 3 
posttransplant months revealed that 4 % of 
patients required maintenance renal replacement 
therapy within a median 3 years of transplanta-
tion. In the future, as survival continues to improve 
in heart transplant recipients, it is probable that 
the rate of development of end-stage renal disease 
will likewise increase in this population.

21.2  Pathogenesis of Renal 
Impairment in Chronic Heart 
Failure Patients

Progressive deterioration of renal function in 
chronic heart failure (CHF) patients occurs as a 
result of multiple mechanisms, including renal 
hypoperfusion, increased renal venous pressure, 
neuro-hormonal and inflammatory activation, 
adenosine release, and drug therapy for CHF. The 
kidney is sensitive to hemodynamic changes: 
either an increased central venous pressure 
(“renal afterload”) or a reduced cardiac output 
(“renal preload”) may cause renal impairment.

Although the kidneys represent less than 0.5 % 
of body mass, they receive 20–25 % of the total 
cardiac output in the normal adult. Several fac-
tors, including hypovolemia, activation of the 

sympathetic nervous system or the renin–angio-
tensin system, extrinsically administered vaso-
pressors and vasodilators, and local neuro- 
humoral factors, influence the distribution of car-
diac output to the kidneys. As cardiac function 
deteriorates, renal blood flow decreases. The fil-
tration fraction and filtered Na decrease, and the 
tubular reabsorption increases, leading to Na and 
water retention.

The renin–angiotensin–aldosterone system 
(RAAS) is activated: at first, angiotensin II causes 
preferential vasoconstriction of the glomerular 
efferent arteriole, favoring glomerular filtration, 
despite low renal blood flow; but in the long term, 
RAAS activation has adverse effects on the kid-
ney including increased oxidative stress, endo-
thelial dysfunction, and the stimulation of 
inflammatory pathways, leading to fibrosis 
formation.

Inflammation may play a pivotal role in cardio-
renal interactions. In patients with CHF, 
C-reactive protein (CRP) levels increase with 
decline of left ventricular ejection fraction.

Volume overload and venous congestion cause 
activation of inflammatory pathways, which, 
among other things, leads to an increase of circu-
lating lipopolysaccharides (LPS) which come 
from the mesenteric district and are a potent stim-
ulus that activates tumour necrosis factor-α 
(TNF-α) and interleukin-6 (IL-6). In the tubulo-
interstitial compartment, TNF-α and IL-6 pro-
mote accumulation of interstitial inflammatory 
cells by increasing expressions of adhesion mol-
ecules and chemokines, such as monocyte che-
moattractant protein-1 (MCP-1), intercellular 
adhesion molecule-1 (ICAM-1), and vascular 
cell adhesion molecule-1 (VCAM-1). The infil-
trating inflammatory cells are thought to activate 
the renal proximal tubular cells, which in turn are 
able to attract more inflammatory cells (mono-
cytes/macrophages and lymphocytes, especially 
T cells) through the production of various other 
chemokines and cytokines.

This cytokine milieu could create a hostile 
microenvironment for tubular epithelial cells, 
rendering them adaptable to changing cell pheno-
type. The process known as epithelial–mesen-
chymal transition (EMT) is considered a process 
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through which the differentiated injured  epithelial 
tubular cells undergo conversion into mesenchy-
mal cells, so giving rise to matrix-producing 
fibroblasts. The transition is characterized by loss 
of epithelial proteins, such as E-cadherin, zonula 
occludens-1 and cytokeratin, acquisition of mes-
enchymal markers including vimentin, α-smooth 
muscle actin, fibroblast-specific protein-1, and 
changes in interstitial matrix components with 
presence of type I collagen and fibronectin. These 
alterations in protein expression are usually 
accompanied by morphologic changes to a fibro-
blastoid appearance and an enhanced migratory 
capacity, which could contribute to the develop-
ment of fibrosis in chronic renal failure. Although 
this mechanism is widely accepted, some studies 
are raising doubts about its existence in vivo 
(Kriz et al. 2011).

In addition inflammatory interstitial cells can 
also produce fibrogenetic cytokines as trasform-
ing growth factor-β (TGB-β).

21.3  Risk Factors for Kidney 
Injury After Heart Transplant

21.3.1  Pre-existing Renal Failure

It could be postulated that renal function can 
indirectly be used as an indicator of cardiovas-
cular status in CHF. In the early stages of CHF, 
kidney function is well maintained by compen-
satory increases in filtration fraction, but in 
patients with more severe CHF, glomerular fil-
tration rate becomes more dependent on afferent 
arteriolar flow and the stimulation of hemody-
namic and hormonal pathways. Furthermore, 
the fall in effective renal blood flow is relatively 
more pronounced and therefore disproportional 
to the reduction in cardiac output. Nevertheless, 
it was demonstrated that renal hemodynamic 
reserve is already impaired in patients with 
asymptomatic left ventricular dysfunction 
(Hillege et al. 2006).

Knowledge of pre-existing chronic kidney dis-
ease, cause, duration and degree of kidney insuf-
ficiency (RI), number of prior acute RI episodes, 
kidney congestion or low perfusion, small kidney 

size, and abnormal sediment may all be useful to 
assess irreversibility and worsening of RI.

Nowadays in some heart transplant centers, it 
is routine to utilize left ventricular assist device 
(LVAD) as a way to evaluate reversibility of 
 organ damage in patients with end-stage heart 
disease: placement of an LVAD in these patients 
invariably improves renal function with more 
than half of patients with creatinine clearance 
(CrCl) <45 ml/min achieving a CrCl >60 ml/min 
30 days after implant (Sing et al. 2001).

21.3.2  Acute Injury

Multiple factors have been implicated in increas-
ing the risk of progressive kidney dysfunction 
after heart transplantation. Eligibility for nonre-
nal organ transplantation typically requires that 
potential candidates have no or minimal pertur-
bation of underlying kidney function, with suffi-
cient reserve to undergo transplant surgery 
without the need for peri- or post-operative dialy-
sis. The risk factors for early post-operative acute 
renal failure following heart transplantation are 
generally the same as those for non-transplant 
patients immediately after surgery. Clinical situa-
tions that commonly contribute to acute renal 
failure in the post-heart-transplant setting are:

• Effective volume contraction due to severe left 
ventricular dysfunction caused by the severity 
of recipient heart failure and donor factors 
(surgery ischemic time, dysfunction of the 
right ventricle, pulmonary hypertension).

• Acute tubular necrosis secondary to sepsis 
worsened by immunosuppressive therapy and 
shock.

• Use of diuretics.
• Use of radiographic contrast, as well as neph-

rotoxic drugs (Ishani et al. 2002).

Less commonly, acute interstitial nephritis 
and athero-thrombotic disease occur.

Acute tubular necrosis (ATN) is a clinico-
pathologic entity characterized histologically by 
loss of periodic acid–Schiff (PAS)-positive brush 
border of proximal tubular epithelial cells, 
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degeneration of tubular epithelial cells, and 
necrosis of individual cells. Tubular lumina are 
dilated and interstitial edema is present. In more 
severe cases, rupture of tubular basement mem-
brane followed by tubular loss and interstitial 
inflammatory infiltrates is seen. Tubular damage 
occurs because during ischemia the blood 
bypasses the renal cortex (the Trueta renal vascu-
lar shunt), and in this way tubules of superficial 
and mid-cortical nephrons do not receive enough 
oxygen and nutrients. Peritubular capillaries arise 
from efferent arterioles which receive blood from 
afferent arterioles through the glomerular tuft; 
during ischemia only a negligible amount of 
blood goes to the afferent arterioles and to the 
glomeruli. Epithelial tubular regeneration may 
occur in cases in which tubular cell death is 
patchy, tubular basement membrane is intact, and 
there are no inflammatory infiltrates. From the 
clinical point of view, due to the great number of 
patrimonial nephrons, ATN is a reversible condi-
tion, but destruction of a variable amount of 
nephrons is an additional risk for posttransplanta-
tion CKD.

21.3.3  Chronic Injury

On a long-term basis, a multitude of retrospective 
studies, both single center and registry based, 
have identified factors that increase the risk of 
developing progressive CKD following heart 
transplantation. Most of these risk factors are 
similar to those that could be expected in non-
transplant patients with underlying kidney dis-
ease. Included among these factors are the level 
of kidney function immediately pre-transplant as 
well as in the early post-operative period, increas-
ing recipient age at the time of the transplanta-
tion, female gender, presence of diabetes mellitus, 
and hypertension. Hypertension occurs in the 
vast majority of heart recipients and usually 
develops in the early post-transplant period. In 
addition, over the past two decades, the wide-
spread use of calcineurin inhibitors has resulted 
in an increase in the prevalence of chronic kidney 

dysfunction compared to the pre- cyclosporine 
era. Comorbid conditions such a chronic left ven-
tricular dysfunction and the requirement for 
drugs such as diuretics, angiotensin- converting 
enzyme (ACE) inhibitors, and angiotensin recep-
tor blockers (ARB) may potentiate the chronic 
nephrotoxic effects of calcineurin inhibitors. 
Occasionally, protracted pretransplant acute 
tubular necrosis secondary to renal hypoperfu-
sion may be associated with persistent fibrosis 
and nephron loss following transplantation and 
may contribute to chronic kidney dysfunction.

The histopathology of CKD is non-specific 
and shows interstitial fibrosis (the inevitable out-
come of various progressive damage), tubular 
atrophy, varying degrees of glomerulosclerosis, 
and arterio-arteriolosclerosis.

21.3.3.1  Hypertension
Hypertension, both systolic and diastolic, is com-
monly observed following solid organ transplan-
tation in at least 90 % of cardiac recipients. 
New-onset hypertension has been attributed to 
multiple causes including high-dose corticoste-
roid use, increased body weight, and the use of 
calcineurin inhibitors. This effect of blood pres-
sure on progressive kidney disease confirms sim-
ilar findings observed in non-transplant patients.

Benign hypertension causes changes in all 
renal components (arteries, arterioles, glomeruli, 
tubules, and interstitium). Larger arteries present 
with alteration typical of arteriosclerosis, consist-
ing in splitting and reduplication of the internal 
elastic lamina, fibrous intimal thickening, and 
lumen reduction. Intimal thickening with mucoid 
matrix and widely spaced cells are commonly 
seen in small arteries. Circumferential intimal 
deposition of hyaline PAS-positive material, 
sometimes extending toward the media, is a typi-
cal lesion of arterioles. Glomerular involvement 
in hypertension is focal and may occur in two 
patterns:

 1. The first is capillary collapse evolving into 
glomerular sclerosis (Fig. 21.1). Early 
changes in affected glomeruli consist of col-
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lapse of capillaries with lumen diameter 
reduction due to wrinkling of their basement 
membranes. Capillary shrinkage leads to tuft 
retraction to the vascular pole. The Bowman 
space becomes filled by eosinophilic material 
which, over time, will be replaced by colla-
gen tissue and so usually thicken the Bowman 
capsule. The result is the “obsolete” glomeru-
lus (Fig. 21.2a).

 2. The second pattern of glomerular involvement 
consists of an increase in the PAS-positive 
mesangial matrix, which over time involves 
the entire glomerulus, without collagenization 
of the Bowman space, leading to what is called 
“solidified glomerulus” (Fig. 21.2b). There is 

Fig. 21.1 Retraction and collapse of glomerular capillary 
tuft with widening of the Bowman space (Azan Mallory 
stain, original magnification 200×)

a b

Fig. 21.2 Glomerulosclerosis due to ischemic obsolescence (a) and solidification (b) (PAS stain, original magnifica-
tion 400×)
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patchy tubular atrophy with tubules that are 
smaller and lined by fewer epithelial cells than 
normal; tubular basement membrane may be 
regular or thickened. Atrophic tubules are fre-
quently found near an “obsolete” glomerulus, 
but they may also be present near less compro-
mised glomeruli, due to the peculiar vulnera-
bility of the tubules to the ischemia. In other 
fields tubules appear dilated. The interstitium 
is widened in correspondence to zones of 
tubular atrophy, due to collagen increase.

21.3.3.2  Hyperlipidemia 
and Diabetes

Hyperlipidemia and diabetes are frequently 
observed before and after heart transplant: they 
are major risk factors for cardiovascular disease 
and mortality and a recognized risk factor for 
progression to CKD.

“Diabetic nephropathy” is a clinical syndrome 
characterized by persistent macroalbuminuria 
(>300 mg/24 h), a steady decline in GFR, and 
elevated blood pressure. Kidney changes may be 
seen at histology and electron microscopy very 
early after the onset of diabetes mellitus without 
clinical evidence of renal dysfunction and before 
the occurrence of microalbuminuria, the condi-
tion which precedes overt diabetic nephropathy. 
These changes consist of glomerular enlarge-
ment, which causes increased filtration surface 
area, followed by uniform thickening of glomer-
ular basement membrane and deposition of 
eosinophilic PAS-positive material within the 
mesangium. So, diabetic patients who undergo 
cardiac transplant may have histologic kidney 
alterations although renal function is normal. In 
addition diabetic patients are also hypertensive, 
so their kidneys have damage induced by high 
blood pressure.

21.3.3.3  Chronic Anemia
There is little information on chronic anemia 
after heart transplantation; however, up to 65 % 
of anemia prevalence has been reported. In this 
population, anemia seems to be closely associ-
ated with impaired kidney function. Besides the 
common association of chronic kidney disease 
with anemia, a multitude of other factors are 

implicated including anti-metabolite immuno-
suppression (azathioprine and mycophenolate), 
sirolimus, iron deficiency, dys-hemopoiesis, and 
relative erythropoietin deficiency.

In Table 21.1 the main factors contributing to 
kidney injury after heart transplantation are 
summarized.

21.4  Calcineurin Inhibitors

The first calcineurin inhibitor used in transplanta-
tion of solid organs was cyclosporine (CsA), a 
peptide derived from the soil fungus Tolypocladium 
inflatum Gams. Following reports of its immuno-
suppressive properties, first described in the early 
1970s, CsA was approved as an anti-rejection 
agent in the early 1980s. A few years later, tacro-
limus (TAC) was approved, a macrolactone 
derived from the fungus Streptomyces tsuku-
baensis discovered on Mount Fuji.

Both CsA and TAC are lipophilic prodrugs 
that need to bind to cytoplasmic receptors, 
known as immunophilins, to gain pharmacolog-
ical activity. The receptor for CsA is called 
cyclophilin and that for TAC FK-binding pro-
tein 12. After binding to the res pective immu-
nophilin, calcineurin inhibitors (CNIs) inhibit 

Table 21.1 Factors contributing to kidney injury after 
heart transplantation

Acute injury Chronic injury

Effective volume 
contraction

Calcineurin inhibitors

Ventricular dysfunction Chronic effective volume 
contraction

Over-aggressive diuresis Chronic diuretic use

Acute tubular necrosis Peri-operative acute renal 
failure

Diabetes mellitus Hypertension

Sepsis Hyperlipidemia

Hypotension Diabetes mellitus

Radiographic contrast

Nephrotoxic drugs

Calcineurin inhibitors

Athero-embolism

Acute interstitial 
nephritis
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the activity of a complex of phosphatase called 
calcineurin. CNI suppresses the immune 
response by down-regulating the transcription 
of various cytokine genes, of which the most 
significant is IL-2 which is one of the main acti-
vation factors for T cells in numerous immuno-
logical processes (Kahan and Ponticelli 2000).

As they have a similar mechanism of action, it 
is not surprising that CsA and TAC can exert 
similar side effects, including reversible acute 
renal insufficiency as well as chronic renal 
deterioration.

21.4.1  Acute Renal Toxicity

Acute nephrotoxicity of CNIs may manifest with 
variable severity, usually dose dependent.

Tubular toxicity  In the milder forms of toxic-
ity, there is a reduction of glomerular filtration 
rate and renal blood flow associated with sodium 
retention, hypo-magnesemia, hyper-uricemia, 
hyper-kalemia, and hyper-chloremic acidosis. 
These functional changes are caused by afferent 
arteriolar vasoconstriction, which can be sus-
tained by increased sympathetic nerve activity, 
activation of the renin–angiotensin system, 
increased production of thromboxane A2, 
impaired production of vasodilating prostaglan-
dins, excessive renal synthesis of endothelin-1, 
and reduced production of nitric oxide.

Arteriolar toxicity  More severe nephro-toxic-
ity may lead to a substantial increase in plasma 
creatinine. Decreasing the doses of CNIs can 
reverse renal dysfunction and morphologic 
changes.

Thrombotic micro-angiopathy  The most 
severe form of acute toxicity is thrombotic 
micro-angiopathy with focal glomerular and/or 
arteriolar thrombosis (Nizze et al. 1988), which 
in about 60 % of cases shows a typical picture of 
hemolytic uremic syndrome with acute renal fail-
ure, hypertension, micro-angiopathic hemolytic 
anemia, and thrombocytopenia. The precise 
pathogenesis of CNI-associated hemolytic ure-

mic syndrome is unknown. Treatment should first 
consist of prompt withdrawal of the drug.

Histology of CNI renal damage shows dif-
ferent patterns, ranging from normal appear-
ance to glomerular tuft collapse with widening 
of the Bowman space. Tubular epithelial 
changes may be present, more frequently in the 
form of cytoplasmic isometric vacuolization 
(Fig. 21.3); other early features of CNI toxic 
tubulopathy may be giant mitochondria 
(Fig. 21.4) and microcalcifications (Fig. 21.5), 
all features also described in renal grafts (Myers 
et al. 1984; Mihatsch et al. 1985). In addition 
CNI may induce apoptosis in tubular cells 

Fig. 21.3 Renal tubule lined by epithelial cells with cyto-
plasmic isometric microvacuolization (Hematoxylin-
eosin stain, original magnification 400×)

Fig. 21.4 A few tubules show cytoplasmic organelles 
consistent with giant mitochondria (Toluidine blue stain, 
original magnification 630×)
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through different pathways. Vasoconstriction of 
afferent arterioles is most probably due to pri-
mary endothelial damage.

21.4.2  Chronic Renal Toxicity

The main problem with the use of CNIs is 
the possible development of progressive 
nephro-toxicity.

Pathophysiology The mechanisms responsible 
for this chronic nephropathy have not been 
completely elucidated. Both CsA and TAC can 
cause renal and systemic vasoconstriction, 
through increased release of endothelin-1, acti-
vation of the renin–angiotensin system, 
increased production of thromboxane A2, and 
decreased production of vasodilators such as 
nitric oxide and prostacyclin. The profound 
vasoconstriction together with the typical arte-
riolar lesions may induce ischemia with conse-
quent tubular atrophy and interstitial fibrosis. 
However, CNI may also increase the levels of 
plasminogen activator inhibitor (PAI), an 
inducer of interstitial fibrosis and tubular atro-
phy and an inhibitor of matrix degradation. PAI 
may favor the recruitment of interstitial cells 
and enhances the expression of mRNA trans-
forming growth factor-β1 (TGF-β1), which repre-
sents a central mediator of fibrogenic 

remodeling process. TGF-β1 is a biologically 
multipotent regulatory protein implicated in 
functions that include the regulation of cellular 
growth, differentiation, extracellular matrix 
formation, and wound healing. This cytokine 
may induce trans-differentiation to myofibro-
blasts and extracellular matrix production 
either directly or through activation of the sig-
nal pathway of several intracellular proteins 
that play different roles in regulating cell 
growth, differentiation, and apoptosis (Alvarez 
Arroyo et al. 2002).

Clinically the chronic nephropathy caused by 
CNIs is characterized by slowly progressive renal 
dysfunction, hypertension, and mild to moderate 
proteinuria.

Histologically chronic CNI toxicity is charac-
terized by nodular thickening of the afferent arte-
riole wall or by arteriolar hyalinosis with 
narrowing of the lumen. Hyalinosis is due to pro-
tein insudation in the wall, especially in the 
media, where it replaces dead smooth muscle 
cells (Fig. 21.6). Segmental and then global glo-
merulosclerosis occur later (Fig. 21.7), resulting 
in ischemic damage to the tubular interstitial 
compartment, with “striped” fibrosis and tubular 
atrophy (Fig. 21.8).

Patients should be closely monitored in order 
to determine the possible onset of proteinuria or a 
further increase in serum creatinine.

Fig. 21.5 Calcification of epithelial tubular cells 
(Hematoxylin-eosin stain, original magnification 500×)

Fig. 21.6 Arteriolar hyalinosis with narrowing of the 
lumen due to protein insudation in the vessel wall (PAS 
stain, original magnification 200×)
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a b

c

Fig. 21.7 (a, b) Afferent arterioles with nodular PAS- 
positive thickening. (c) Transmission electron microscopy 
showing electron dense deposits (*) in the media and 

adventitia of an afferent arteriole. ((a, b) PAS stain, origi-
nal magnification (a) 400×, (b) 200×; (c) uranyl acetate 
and lead citrate-bar = 2 μm)

Fig. 21.8 “Striped” fibrosis 
(Masson trichrome stain, 
original magnification 100×)
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21.5  Treatments

There are many possible ways to influence the 
outcome of CKD after heart transplantation 
(HTx): control and management of the main risk 
factors, management of CKD and CNI toxicity, 
renal-sparing immunosuppressive strategies, diet, 
and dialysis and kidney transplantation (KTx).

21.5.1  Control and Management 
of Main Chronic Kidney 
Disease Risk Factors

The first step is to obtain adequate blood pressure 
and glucose and lipid control.

Although there are no heart transplant-specific 
randomized studies, current guidelines recommend 
approaches similar to non-transplant patients with 
respect to risk factor control (Costanzo et al. 2010). 
Drugs like calcium channel antagonist, angioten-
sin-converting enzyme inhibitors (ACEI), and 
angiotensin receptor antagonists (ARA) are prefer-
able for improving GFR and controlling protein-
uria (Gonzales-Vilchez and Vazquez de Prada 
2014). It is essential to avoid certain oral hypogly-
cemic drugs because of their toxicity, while repa-
glinide and insulin are safe. Some nephrotoxic 
drugs (KDIGO 2012) such as non-steroidal anti-
inflammatory drugs, lithium, anti-microbial (ami-
noglycosides), anti-fungal (amphotericin), 
anti-viral agents (cidofovir), and chemotherapics 
(cisplatin) should also be avoided. Weight control 
is advisable as recipient weight is another risk fac-
tor (Gonzales-Vilchez and Vazquez de Prada 
2014). Statins (no fibrates) are indicated (Gonzales-
Vilchez and Vazquez de Prada 2014) for cardiopro-
tective effects (lower cardiovascular death and 
cardiac allograft vasculopathy) as well as renal pro-
tective effects. Another key point is to avoid con-
trast medium when GFR is <30 ml/min or, when 
possible, to use (KDIGO 2012) a modified protocol 
consisting of hydration with saline solution before 
and after administration of contrast medium and of 
acetyl cysteine for 3 days. Monitoring diuresis, cre-
atinine, and potassium after 48–96 hours should be 
performed. ACEI, ARA, and diuretics should be 
avoided the day before, the same day, and the day 
after contrast medium. Hepatitis C virus infection 

(Gonzales- Vilchez and Vazquez de Prada 2014) 
may also worsen renal function. Finally, prevention 
of recurrence of urinary tract infections with non- 
nephrotoxic antibiotic prophylaxis, minimization 
of acute kidney injury, and stopping smoking are 
all useful.

21.5.2  Management of  
Chronic Kidney Disease

The main clinical conditions to manage are:

• Hyperparathyroidism: treat with active vitamin 
D.

• Metabolic acidosis: treat with NaHCO3 and/
or CaCO3.

• Anemia: treat with iron supplement, folic 
acid, and erythropoietin.

• High serum uric acid: treat with allopurinol (if 
azathioprine therapy is not already in course).

• Hypocalcemia: treat with vitamin D and calcium.
• Magnesium deficiency: treat with magnesium 

supplement.
• Proteinuria: treat with ACEI/ARA when GFR 

is >30 ml/min (KDIGO 2012).

21.5.3  Immunosuppressive-Sparing 
Strategies

This is the goal to improve renal function 
especially regarding CNI nephro-toxicity, a 
major clinical problem in cardiac transplanted 
patient management. In the near future, 
immunosuppressive- sparing regimes will 
probably improve the course of CKD itself.

Several studies propose CNI minimization 
strategies or avoidance to improve renal function 
in patients with established CKD or to prevent 
CKD. In this context, a major role has been played 
by the use of inhibitors of the mammalian target of 
rapamycin (mTORi). In general, CNI withdrawal 
studies have been conducted with the combination 
of sirolimus and mycophenolate, while CNI mini-
mization strategies have been investigated by 
reducing CsA and adding everolimus in spite of 
mycophenolate or azathioprine. It has to be noted 
that sirolimus is not FDA (Food and Drug 
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Administration) or EMA (European Medicines 
Agency) approved for heart transplantation and 
that no clear evidence supports CNI avoidance 
over minimization (Cornu et al. 2014). In addition, 
some kidney transplant evidence support the con-
cept that CNI avoidance may increase the risk for 
de novo donor-specific antibodies onset.

In general, reduction of the dosage of CNI may 
obtain reversal or stabilization of renal dysfunc-
tion in some patients. Some studies reported that 
about half of patients showed an improvement 
after introduction/conversion to mTORi, while 
the remaining patients had renal deterioration and 
the risk seems to be more elevated in patients with 
proteinuria (Olyaei et al. 2001; Yango et al. 2002; 
Potena et al. 2012; Gullestad et al. 2010).

The duration of renal dysfunction related to 
CNI exposure is more important than the degree of 
renal damage. Chances of success are therefore 
greater when the kidney impairment is severe but 
less long-standing than when the impairment is less 
severe but dates back longer (Gonzales-Vilchez 
and Vazquez de Prada 2014; Gullestad et al. 2010).

The presence of proteinuria is a negative fac-
tor for CKD outcome and is a well-known 
adverse event of mTORi. Their use is contraindi-
cated if the baseline proteinuria is >0.8 g/die; if 
proteinuria appears “de novo,” it is possible to 
reduce proliferation signal inhibitor dosage, aug-
ment CNI doses, and add ACEI or ARA.

A final note should be raised on the concept of 
complete CNI withdrawal early after transplanta-
tion. This strategy is intriguingly supported by a 
recent randomized study supporting CsA with-
drawal at month 1–3 after HTx and subsequent 
therapy with everolimus and mycophenolic acid 
only. This strategy allowed significantly improved 
renal function and less coronary disease progres-
sion in the everolimus arm, at the cost of a slight 
increase in asymptomatic cellular rejection 
(Andreassen et al. 2016). Whether the advantages 
will overcome the side effects on long-term out-
comes is still to be determined.

21.5.4  Diet

Although guidelines for diet in heart-transplanted 
patients with CKD are not available, looking at 

the KDIGO guidelines, a moderate low (0.7–
0.8 g/kg)-protein diet seems reasonable for 
patients with severe CKD (fourth stage).

21.5.5  Dialysis and Kidney 
Transplantation

Hemodialysis is preferred to peritoneal dialysis 
because of lower infection risk. Heart- 
transplanted patients requiring long-term dialysis 
show worse survival rates than non-transplanted. 
The prognosis may change if a timely KTx is 
possible: after an initial higher mortality in the 
first 3 months, death risk decreases, and 5-year 
survival is similar to naive patients undergoing 
KTx (Gonzales-Vilchez and Vazquez de Prada 
2014). Another option is to select patients who 
may benefit from a simultaneous combined 
heart–kidney transplantation.

Key Points

• Kidney disease is a frequent complication 
of heart transplantation which greatly 
complicates patient management and sig-
nificantly contributes to early and late 
post-transplant morbidity and mortality.

• Chronic kidney disease in this popula-
tion is associated with a four- to fivefold 
increased risk of death after transplant.

• Collaboration between cardiologist and 
nephrologist is essential both before 
transplantation in defining the cause of 
pre-heart transplant renal failure and 
throughout the follow-up.

• Nephro-pathologists can use renal biopsy 
samples to help identify the causes of 
renal damage after heart transplantation.

• Calcineurin inhibitor side effects may 
cause acute renal insufficiency as well 
as chronic renal deterioration. As there 
is no cure for CNI-linked pathology, 
early intervention is important to reduce 
CKD progression.

• “Tailored therapy” is essential for many 
therapies today and particularly for 
CKD post heart transplantation.
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22.1  Background

Although surgery for congenital heart disease 
and medical management of heart failure has 
dramatically improved in the last decade, car-
diac transplantation remains the final option for 
many infants and children with end-stage heart 
failure. Over the past 15 years, the number of 
pediatric heart transplantations (HTx) reported 
has held remarkably at 340–390 transplanta-
tions per year, which is approximately 10 % of 
total heart transplantations reported to the 
International Society for Heart and Lung 
Transplantation (ISHLT) database (Kirk et al. 
2012; Dipchand et al. 2013a). With advances in 
surgical strategies and medical therapies, the 
outcomes for pediatric heart transplant recipi-
ents have continuously improved (Morales et al. 
2007; Ross et al. 2006).

Compared to the adult population, there are 
some important differences to mention in 
terms of epidemiology, management, and 
outcomes.

Here, we will focus on several issues:

 1. Primary disease leading to heart failure and 
heart transplantation

 2. Sensitization in the pediatric population
 3. ABO-incompatible transplantation
 4. Endomyocardial biopsy management and 

interpretation in the pediatric population
 5. Cardiac allograft vasculopathy

J.-P. D. Van Huyen, MD, PhD (*) 
Department of Pathology, University Paris-Descartes, 
Hôpital Necker-Enfants Malades, Paris, France
e-mail: jp.dvh@wanadoo.fr 

F. Iserin, MD 
Department of Pediatric Cardiology,  
Hôpital Necker-Enfants Malades, Paris, France 

C. Toquet, MD, PhD 
Department of Pathology, Hôpital Hôtel-Dieu, 
Nantes, France

22

mailto:jp.dvh@wanadoo.fr


368

22.2  Indications for Pediatric 
Heart Transplantation

Diagnoses leading to pediatric HTx are age 
related and have changed during the last decades 
(Kirk et al. 2012; Dipchand et al. 2013a; Thrush 
and Hoffman 2014). These are principally con-
genital heart disease (CHD), cardiomyopathy 
(CMP), and retransplantation (Re-Tx) (Voeller 
et al. 2012). Approximately 90 % of pediatric 
heart transplantations are performed for either 
CMP or CHD with respective proportions vary-
ing according to the age of the recipient. In cases 
of CHD not amenable to correction or palliation, 
it is the leading indication among neonates and 
infants, while CMPs represent 50 % to two thirds 
of transplantations in children and adolescents.

Cardiomyopathy is still nowadays the most 
common indication for pediatric HTx, ranging 
from 41 % of patients < 1 year of age to 65 % 
between 11 and 17 years. Dilated cardiomyopa-
thy (DCM) (idiopathic or due to myocarditis, 
neuromuscular disease, or genetic causes) has an 
incidence of 0.58 cases per 100,000 children with 
a freedom from death or transplantation at 1 and 
5 years after DCM diagnosis of 69 % and 54 %, 
respectively. Waiting list mortality of patients 
with DCM is 11 %. Hypertrophic cardiomyopa-
thy (HCM) phenotypes (idiopathic, familial, 
associated with neuromuscular disorders, or syn-
dromic) have an incidence of 0.47 cases per 
100,000 children, but are a relatively rare etiol-
ogy for pediatric HTx, accounting for only 5–6 %. 
Waiting list mortality is higher compared to those 
with DCM (14 % vs 11 %). Restrictive cardiomy-
opathy (RCM) has an incidence of 0.03–0.04 
cases per 100,000 children (4.5 % of pediatric 
cardiomyopathies) with a frequent mixed pheno-
type (RCM/HCM). RCM has a poor prognosis 
(the evolution can rapidly be fatal) with a cumu-
lative incidence of death of 20–28 % at 5 years 
from diagnosis. There is 10 % mortality in 
patients with RCM on the waiting list.

The pediatric population of CHD includes 
infants with both unrepaired and palliative com-
plex diseases and older children with palliated 
CHD who either have failed palliations or have 
ventricular dysfunction (see also Chap. 5). 

Single-ventricle anatomy and failed Fontan pro-
cedure represent 60–80 % of CHD undergoing 
HTx. The percentage of recipients listed for HTx 
with CHD has decreased from 81 % in the 1990s 
down to 54 % in 2013 and will probably decrease 
further in the next few years due to advances in 
cardiac surgery and care, especially in single- 
ventricle cardiopathy. CHD still remains the most 
common indication for HTx in the infant age 
group, but is less common in older children – 
23 % of the indications in 11–17-year-old 
recipients.

Retransplantation is an increasing cause of 
HTx (Conway et al. 2014; Mahle 2008). It is rare 
in infancy (less than 1 %), but 9 % of HTx with 
recipients aged 1–17 years were retransplanta-
tions. It is recognized that the majority of the 
children transplanted during childhood will 
require retransplantation in adult life: all progress 
in the medical care of these children aims to pro-
long the period before retransplantation. Most of 
the retransplantations (72 %) will be made 
beyond 3 years after primary HTx.

22.3  Sensitization in the Pediatric 
Population

Sensitization is a major issue in the pediatric 
population (Castleberry et al. 2014; Chin 2012; 
Girnita et al. 2006). According to the International 
Society for Heart and Lung Transplantation 
(ISHLT) registry, the percentage of sensitized 
patients (defined as panel-reactive antibodies 
>10 %) increased from 20 % in 2005 to 29 % in 
2010 (Dipchand et al. 2013a). This is slightly 
more than in the adult population. While human 
leukocyte antigen (HLA) sensitization is uncom-
mon in patients with CMP, it can frequently be 
seen in patients with CHD who had prior surger-
ies. Sensitizing events include transfusion of 
blood products (especially platelets), infections, 
and previous surgery for CHD, especially with 
the use of human homograft tissue. Ventricular 
assist device implantation dramatically increases 
HLA sensitization (Girnita et al. 2006; O’Connor 
et al. 2010). In the Pediatric Heart Transplant 
Study (PHTS) database and the ISHLT registry, 
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CHD were associated with both increased risk 
factors for death after transplantation and devel-
opment of panel-reactive antibodies (PRA) 
>50 % (Dipchand et al. 2013a, b). Multiple car-
diac surgery and sternotomy prior to listing, e.g., 
Norwood procedure, were also significant risk 
factors of sensitization. Studies have shown that 
transplantation with allosensitization increases 
risk of antibody-mediated rejection (AMR) and 
mortality (Chin 2012; Ho et al. 2011; Daly et al. 
2013; Jacobs et al. 2004; Pollock-BarZiv et al. 
2007; Richmond et al. 2012; Wright et al. 2007; 
Zeevi et al. 2013). High PRA is also associated 
with a twofold increase in early posttransplant 
mortality (Mahle et al. 2011). Elevated PRA in 
children listed for heart transplantation is 
also associated with longer waiting times for 
 transplantation, thus increasing pretransplant 
mortality.

22.4  ABO-Incompatible Allografts

In very young children, the increase in pretrans-
plantation mortality on a waiting list due to 
organ shortage has led to the development of 
strategies for ABO-incompatible (ABOi) HTx. 
Since 1996 when the first heart ABOi transplan-
tations were performed on infants, there have 
been increasing data to support this type of 
transplantation in infants and young children, as 
a strategy to reduce waiting list mortality 
(Almond et al. 2010; Irving et al. 2012). Infants 
less than 1 year of age lack antibodies against 
blood group antigens since humoral immunity to 
carbohydrate moieties is poorly developed at this 
age (West 2011). Introduction of intentional 
ABOi HTx was based on the immaturity of the 
immune system in this age group, which allows 
transplantation across blood types. Immune tol-
erance to the ABO-type graft develops (accom-
modation), although theoretically there is the 
possibility of bounding the anti-ABO antibody 
to the graft endothelium and initiating the com-
plement cascade, which leads to C4d positivity, 
but with normal histopathology and no graft dys-
function. Analysis has demonstrated persistent 
deficiency of antibodies toward the donor blood 

group in infants as well as absence of B cells 
with specific receptors for donor blood group 
antigens. The stage of immunologic maturation 
with regard to isoagglutinin production is the 
main parameter to judge suitability for ABOi 
transplant.

Currently, United Network for Organ Sharing 
(UNOS) guidelines permit ABOi HTx for infants 
<1 year of age with any isohemagglutinin titer 
and for those between 1 and 2 years of age with 
isohemagglutinin titers > ¼. ABOi eligible infant 
listing increased from 0 % prior to 2002 to 53 % 
in 2007. It is of note that several studies have 
reported that ABOi listing strategy still involved 
more severely ill recipients (Dipchand et al. 
2013b; Henderson et al. 2012). However, with 
increasing experience, it appears clear that, 
regardless of listing strategy, ABOi HTx recipi-
ents have similar outcomes to those undergoing 
ABOc HTx (Henderson et al. 2012; Dipchand 
et al. 2010). In the recent report of the PHTS 
centers, ABOi HTx represents 17 % of overall 
pediatric HTx over a 12-year period (85 ABOi 
HTx out of 911 pediatric HTxs). For ABOi and 
ABOc patients, survival at 12 months was simi-
lar (82 % vs 84 %, p = 0.7). In a risk-adjusted 
analysis, ABOi was not associated with 1-year 
mortality (HR 0.85, 95 % CI 0.45–1.6, p = 0.61) 
(Dipchand et al. 2010). Other groups have 
reported similar observations with good short-
term outcomes. Recently, an international multi-
center trial reported actuarial graft survival of 
100 % at 1 year, 96 % at 5 years, and 69 % at 10 
years posttransplant. The oldest recipient in this 
cohort at the time of transplantation was 
7.5 years old.

In conclusion, there is increasing evidence 
showing that very young children receiving an 
ABOi HTx have similar outcomes as those 
receiving ABOc hearts (Roche et al. 2008). This 
is a safe and effective strategy to expand the 
donor pool and improve waiting list outcomes for 
those with the highest waiting list mortality. 
Although AMR has been reported in pediatric 
ABOi HTxs, infants who received these trans-
plants had equivalent 1-year survival. A recent 
study suggested that ABOi HTx may be extended 
to older children (Urschel et al. 2013).
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22.5  Endomyocardial Biopsies 
in the Pediatric Population

22.5.1  Indications 
for Endomyocardial Biopsy

Endomyocardial biopsy (EMB) is widely consid-
ered to be the “gold standard” for rejection sur-
veillance in both adult and pediatric heart 
transplant recipients. This is particularly true in 
symptomatic patients of all age. However, the 
utility of EMB for long-term rejection surveil-
lance in pediatric recipients has been debated 
(Boucek 2000; Mital 2007).

EMB also raises some problematic issues, 
such as the need for sedation and general anes-
thesia with vascular access issues and the risk of 
traumatic lesion of the tricuspid valve or psycho-
logical stress especially in adolescents. In addi-
tion EMB analyzes only the right ventricle. Such 
points have limited the development of surveil-
lance protocol biopsies in pediatrics.

The timing of biopsies in surveillance proto-
cols should be guided by the probability of rejec-
tion over time and by the accuracy of noninvasive 
procedures for the detection of rejection. 
According to PHTS report, in the first year post-
transplantation, the incidence of rejection has 
declined from approximately 60 % in 1993 to 
40 % in 2006, as did the number of rejection epi-
sodes per patient (Dipchand et al. 2013a; Gossett 
et al. 2010). Incidences of acute rejection will 
probably continue to decrease in the future due to 
improved protocols for immunosuppressive ther-
apy. Risk factors for rejection included positive 
donor-specific crossmatch and older recipient 
age. After 1 year post HTx, the incidence of late 
rejection (first of recurrent) also decreased in the 
recent era, but late rejection was associated with 
poor outcomes (Ameduri et al. 2012; Webber 
et al. 2003). A positive EMB was most likely to 
be found in the first year posttransplant in symp-
tomatic patients, in patients with a history of 
rejection (or recent rejection), and less likely in 
infants.

In the last two decades, several large studies 
have attempted to evaluate the performance of 
surveillance protocol biopsies in large pediatric 

series, sometimes with apparently conflicting 
results (Mital 2007; Levi et al. 2004; Wagner 
et al. 2000). In early post-HTx period (defined as 
from <1 month to <1 year according to the stud-
ies), EMB protocols failed to identify asymptom-
atic rejection in infants, but a significant 
proportion of subclinical cellular rejection was 
diagnosed in older children. All studies reported 
a dramatic decrease in the diagnostic rejection 
yield of EMB protocols after 1 year or more post 
HTx. A retrospective review of 1093 consecutive 
EMBs from 136 pediatric heart transplantations 
performed in a single center from January 1995 
to January 2003 concluded that surveillance 
EMBs failed to reveal significant episodes of cel-
lular rejection in asymptomatic patients after the 
first month posttransplant (Levi et al. 2004).

These studies have encouraged most pediatric 
centers to revise their follow-up strategies and to 
abandon surveillance protocols with iterated 
EMBs (Levi et al. 2004). The greatest limitation 
of these studies is that most were performed 
before the era of anti-HLA screening and that the 
pathologists did not evaluate AMR. More recent 
studies suggest that protocol biopsies are useful 
for the diagnosis of AMR associated with graft 
failure and mortality (Casarez et al. 2007). 
Although reassessment of the value of EMB pro-
tocol in the context of subclinical AMR in large 
pediatric series is warranted, it seems reasonable 
to perform EMBs in sensitized patients at high 
risk of humoral rejection.

At Necker-Enfants Malades Hospital, only a 
small number of biopsies are performed, mainly 
in high-risk recipients with anti-HLA DSAs for 
whom an annual EMB is done together with anti- 
HLA antibody follow-up.

22.5.2  Endomyocardial Biopsy 
Rejection Findings 
in Pediatrics

Pediatric EMBs are processed similarly to adult 
ones. In our center, EMBs are formalin fixed 
and paraffin embedded, and 3 hematoxylin-
eosin- stained slides with multiple 3-μm-thick 
sections are performed. For all EMBs, an 
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 immunohistochemical analysis is also routinely 
performed on fixed sections with anti-CD3, 
anti-CD68, and anti-C4d antibodies.

Pediatric EMBs are characterized by a smaller 
size and give an impression of increased cellular-
ity that may be misleading, particularly for the 
diagnosis of AMR. Diagnosis of acute cellular 
rejection (ACR) in the pediatric population relies 
on the same elementary lesions, criteria, and 
grading system as for adults. Both IHSLT 1990 
working formulation and ISHLT 2004 for patho-
logic scoring of rejection severity are fully appli-
cable in pediatrics (see Chap. 13) (Stewart et al. 
2005). Figure 22.1 illustrates several aspects of 
ACR. Because of the smaller size of pediatric 
biopsies, it has been suggested that immunohis-

tochemistry may be useful to confirm ACR 
(abundance of T cells and interstitial macro-
phages) and to avoid Quilty B lesion misdiagno-
sis (Levi et al. 2004).

The published prevalence of AMR in pediat-
ric centers is higher than that reported in the 
majority of adult centers and ranges from 10 to 
59 %, depending on whether cardiac dysfunction 
is required or not for AMR diagnosis (Casarez 
et al. 2007). The higher incidence is probably 
due to a combination of sensitization and medi-
cation noncompliance, particularly in adoles-
cents. The pathological diagnosis of AMR is no 
different from adults and relies on the same com-
bined histology and immunohistochemistry 
approach using CD68 and C4d antibodies (see 

a b

c d

Fig. 22.1 Acute cellular rejection. (a) Two-month post-
transplant EMB in a 7-year-old boy transplanted for CMP; 
no DSAs. One single focus of perivenular infiltrate (aster-
isk) in a 1R ACR rejection. (b) Six-year posttransplant 
EMB in a 12-year-old girl in a context of noncompliance; 
no DSAs. Perivascular and interstitial inflammation with 

myocyte injury (arrows) in a 2R ACR rejection. (c, d) 
Two-year posttransplant EMB in a 3-year-old child; DSA 
status at the time of biopsy unknown. Widespread intersti-
tial cellular infiltrate (asterisk) in a 3R ACR rejection. 
Most of the cells were CD3+ T lymphocytes (d). C4d was 
negative (not shown)
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Chap. 14) (Holt et al. 2008; Peng et al. 2013; Xu 
et al. 2013). The 2013 IHSLT pAMR classifica-
tion for pathological diagnosis and scoring is 
also applicable to the pediatric population (Berry 
et al. 2013). Subclinical AMR is frequent in both 
the pediatric and adult populations (Everitt et al. 
2012; Kfoury et al. 2009). Grade pAMR2 or 
higher was present in 258 (18 %) out of 1406 
EMBs from the Utah cohort (45 out of 76 
patients, 59 %). 6 out of 17 episodes of pAMR3 
(35 %) in nine patients were subclinical. Greater 
age at transplantation was the only clinical factor 
found to predict development of pAMR3. Like 
cellular rejection, AMR biopsy grading seems 
important to delineate those at risk of adverse 
events: pAMR3 is associated with worse out-
comes (Everitt et al. 2012). Patients with at least 
1 pAMR3 episode had lower freedom from car-
diovascular mortality or cardiac allograft vascu-
lopathy within 5 years of heart transplantation 
than those without pAMR3 (45 % vs 91 %, 
p < 0.001).

Figure 22.2 illustrates AMR in pediatric 
EMBs. It should be noted that at low magnifi-
cation, identification and diagnosis of micro-
circulation inflammation (i.e., intravascular 
activated mononuclear cells, IAMC, according 
to the ISHLT working formulation (Berry et al. 
2013)) may be difficult because of the overall 
impression of hypercellularity in pediatric 
biopsies. Thus, the busy pattern observed at 
low magnification should be interpreted with 
caution. At higher magnification, the presence 
and cellular type of IAMC do not differ from 
what is seen in adults. CD68 and C4d analysis 
and grading are also similar for pediatrics and 
adults, as recommended by the ISHLT pathol-
ogy board (Berry et al. 2013). It is significant 
that diffuse positivity of C4d is a normal fea-
ture of ABOi HTx.

The incidence of mixed rejection is difficult to 
evaluate mainly because of the absence of a rec-
ognized pathological definition of mixed rejec-
tion (Berry et al. 2013). Nevertheless, in our 
experience, rejection episodes with concurrent 
pathological features of both ACR and AMR 
sometimes occur in the pediatric population, 
mainly in the context of noncompliance.

22.6  Allograft Vasculopathy 
in the Pediatric Population

Cardiac allograft vasculopathy (CAV) remains 
the leading cause of late mortality in pediatric 
heart transplant recipients (Pahl et al. 2005; 
Tjang et al. 2008). CAV in children exhibits 
some key differences compared with the adult 
population. The reported angiographic inci-
dence is much lower than in adults: 17 % at 5 
years, with 5 % of moderate and severe cases. 
In the UNOS registry, the incidence of CAV at 
10 and 15 years of posttransplantation was 
25 % and 54 %, respectively. Identified risk fac-
tors for CAV development include ages 1–18 
years at the time of transplantation (but not 
infants), retransplantation, African-American 
recipients, and donor cigarette use. CAV seems 
to progress more slowly in infants and young 
children, but when it is diagnosed, graft sur-
vival drops to about 50 % after 5 years regard-
less of recipient age. One hypothesis for the age 
effect relates to the immaturity of the immune 
system in infants and the use of younger donors 
lacking cardiovascular risk factors for athero-
sclerosis. In the 2012 ISHLT registry report, 
only donor age but not recipient age is a risk 
factor for developing CAV. Various risk factors 
for CAV include donor cause of death, donor/
recipient age difference, weight ratio, gender 
mismatch, number of rejection episodes, CMV 
infection, no induction therapy compared to the 
use of induction therapy, and choice of IS drugs 
(Kobayashi et al. 2013). HLA sensitization and 
AMR also emerge as important risk factors. 
This raises the question of the early diagnosis 
and treatment of AMR.

CAV diagnosis still relies on angiography, 
which to date remains the gold standard (Mehra 
et al. 2010). However, technical issues of such 
invasive procedure in younger children limit 
routine serial angiography for surveillance (con-
cerning less than 50 % of the patients in the 
PHTS registry). Intravascular ultrasound 
(IVUS) may be more sensitive for the detection 
of intimal thickening as reported in adults, but 
faces major technical limitations in children 
(Costello et al. 2003). Noninvasive tests such as 
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a b

c d

e f

Fig. 22.2 Acute antibody-mediated rejection. (a, b) 
Eight-year posttransplant EMB in a 10-year-old boy 
transplanted for CMP; anti-HLA DSA positive (DR15, 
MFI = 1335; DR103, MFI = 1640; DQ5, MFI = 4901; 
DQ6, MFI = 5151). At low magnification, a busy pattern 
with the presence of numerous foci of IAMC (b, arrows) 
in a pAMR2 humoral rejection. (c, d) Six-month post-
transplant EMB in a 5-year-old boy: anti-HLA DSA posi-
tive (DR4, MFI = 937). Near-normal biopsy except for the 

presence of mild microcirculation inflammation (c, 
arrows). At higher magnification, the presence of IAMC 
(d, arrows) in a pAMR1H+ humoral rejection. (e, f) Two- 
month posttransplant EMB in a 3-year-old boy trans-
planted for myocarditis; anti-HLA DSA positive (B44, 
MFI = 7676; A68, MFI = 5858; DR4, MFI = 1148). (e) 
Diffuse C4d capillary positivity (note the presence of 
IAMC, arrows); (f) intracapillary CD68+ macrophages 
(arrows) in a pAMR2 humoral rejection
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dobutamine stress echocardiography (DSE) cor-
relate  reasonably with angiography findings. A 
negative DSE strongly supports the absence of 
angiographic CAV, suggesting that this test may 
be a good tool for monitoring and risk stratifica-
tion. A coronary CT scan also seems to be a 
good noninvasive alternative for follow-up of 
patients.

Pathological reports of loss/explanted 
grafts in the pediatric population are limited 
(Lu et al. 2011; Perens et al. 2009; Seipelt 
et al. 2005). However, the morphological 
lesions of the graft vessels seem relatively 
similar to those reported in adults. CAV is a 
multifaceted disorder of the epicardial arteries 
with a combination of lesions including inti-
mal fibromuscular hyperplasia, atherosclero-
sis, and vascular inflammation (see Chap. 18). 
This variety of lesions reflects the complex 
pathophysiology of CAV with immune and 
nonimmune mechanisms. Among the immune 
determinants of CAV, recent reports have sub-
stantiated the important role of AMR in its 
progression in both pediatric and adult popu-
lations (Everitt et al. 2012; Kfoury et al. 2009; 
Wu et al. 2009).

 Conclusion

Pediatric HTx is in constant evolution. Much 
progress have been achieved in the last decade 
thus helping to move pediatric HTx from a 
mid- to a long-term medical procedure with 
good quality of life. Two major issues still 
remain:

• Organ shortage for children
• Late graft failure due to CAV

In the last decade, there has been increas-
ing evidence of the implications of sensitiza-
tion, DSAs, and AMR in CAV progression.

The importance of early diagnosis and 
treatment of cardiac asymptomatic AMR must 
not be underestimated in EMB pediatric 
surveillance.

Key Points

• Compared to the adult population, there 
are some important differences in terms 
of epidemiology, management, and 
outcomes.

• The main groups of primary diseases/
indications for the pediatric popula-
tion are congenital heart disease, car-
diomyopathy (together 90 %), and 
retransplantations.

• Sensitization is a major issue in the 
pediatric population, and the percentage 
of sensitized patients is slightly more 
than that of the adult population.

• High panel-reactive antibodies are associ-
ated with longer waiting times for trans-
plantation, thus increasing pretransplant 
mortality. A twofold increase in early 
posttransplant mortality and an increased 
risk for AMR are also consequences.

• Organ shortage has led to new strategies 
to expand the donor pool and improve 
waiting list outcomes for pediatric 
patients, such as ABO-incompatible 
HTx in infants (1–2 years), with similar 
outcomes to patients receiving ABO- 
compatible HTX.

• Although endomyocardial biopsy is 
widely considered the “gold standard” 
for rejection surveillance, its value for 
long-term rejection surveillance in pedi-
atrics is debatable due to various limit-
ing factors.

• Timing of biopsies in surveillance pro-
tocols should be guided by the probabil-
ity of rejection over time and by the 
accuracy of noninvasive procedures in 
detection of rejection.

• EMB processing is similar for both chil-
dren and adults.

• Elementary lesions, criteria, and grad-
ing systems for ACR and AMR are the 
same as for adults.
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23.1  Background

Heart transplants have been undertaken in com-
bination with other solid organs including the 
lungs, kidney, liver, and also bone marrow for 
many years. There are no well-established 

 criteria or indications for these combined 
 transplants, but the medical literature demon-
strates a number of individual case studies and 
several series from larger single centers, and 
registry data show a steady increase over time of 
combined procedures.

The indications for combined transplants are 
varied and depend on the organ pairing and, how-
ever, can usually be viewed under the following 
criteria:

 1. End-stage cardiac disease and other organ dis-
eases because of related causes

 2. End-stage cardiac disease and other organ dis-
eases because of unrelated causes

 3. End-stage cardiac with other organ transplants 
to correct an underlying disorder

While the outcomes of combined transplants 
are generally good and comparable to single- 
organ transplants in long-term survival, there 
remains the dilemma of the optimal usage of a 
limited donor supply and the need to use two or 
more organs for a single case.

23.2  Heart and Liver

The first combined heart and liver transplant was 
performed in 1983. As of 2014, against a back-
ground of almost 60,000 heart transplants in the 
USA, only 163 combined heart-liver transplants 
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had been performed, of which 25 had been com-
bined with a third organ transplant (13 kidney 
and 12 lung). Technically, the cardiac implant is 
usually undertaken first to reduce the ischemic 
time, although there are reports of the liver being 
implanted first in cases of recipients with high 
antibody titers (Cannon et al. 2012).

The most common disease indication is trans-
thyretin (TTR)-related amyloidosis which 
accounts for 25–30 % of the cases in most 
reported series. This is a hereditary systemic 
form of amyloidosis caused by mutations in the 
gene encoding for TTR, a protein predominantly 
synthesized in the liver.

In this example, the rationale is to eliminate 
the site of the abnormal protein synthesis, stabi-
lize or even reverse the stigmata of amyloid infil-
tration, and prevent the accumulation of amyloid 
in the transplanted organ (Llado et al. 2014).

The major metabolic indications for combined 
liver and heart transplants, in adults have been 
hemochromatosis (an iron storage disorder) and 
familial hypercholesterolaemia where the cardiac 
manifestation of the disease is accelerated ath-
erosclerosis and ischemic heart disease (Alkofer 
et al. 2005).

In the unrelated causes reported, the most com-
mon is a nonischemic cardiomyopathy associated 
with a hepatitis C-related cirrhosis. Occasional 
cases have been undertaken for alcohol- related 
cardiac and liver disease (Befeler et al. 1999).

Prolonged and severe cardiac failure can lead 
to an irreversible cardiac cirrhosis of sufficient 
severity to merit transplantation. A degree of liver 
dysfunction is well recognized in cardiac failure 
and tends to improve post-cardiac transplanta-
tion. A few combined transplants have been 
undertaken but only in the presence of estab-
lished liver failure. It is equally recognized that 
there is a degree of myocardial dysfunction in 
patients with cirrhosis, sometimes termed cir-
rhotic cardiomyopathy, with improvement of car-
diac function following liver transplantation. The 
careful combined assessment of the patient, often 
with a pretransplant biopsy of the affected organ, 
is essential before the listing decision is made.

Outcome studies for combined heart and liver 
transplant have demonstrated that graft survival 

of both heart and liver is as good as that seen in 
individual organ transplantation. Published sur-
vival rates of this cohort at 1, 5, and 10 years are 
83.4 %, 72.8 %, and 71.0 %.

23.3  Heart and Kidney

The first report of a combined heart and kidney 
transplant was published in 1978. The United 
Network for Organ Sharing (UNOS) has recorded 
from 1987 to 2013 that 910 combined heart and 
kidney transplants were performed although the 
rate has increased across time and increasing 
numbers of patients are being listed for combined 
procedures.

There are no standardized guidelines for a 
combined heart and kidney transplant, although 
certain exclusion criteria have been proposed. 
These include recipient age > 65, history of 
peripheral vascular disease, ischemic origin of 
the heart failure, and the use of a ventricular 
assist device as a bridge to transplantation, but 
these are by no means widely agreed.

In patients presenting pretransplant with coex-
isting cardiac and renal disease, the presence of 
severe irreversible renal dysfunction is consid-
ered a contraindication for isolated heart trans-
plant. The generally acceptable renal function for 
an isolated heart transplant is a glomerular filtra-
tion rate (GFR) of more than 40 ml/min follow-
ing hemodynamic optimization (Banner et al. 
2011; de Jonge et al. 2008). A GFR below this 
has been cited as an indication for combined 
heart and kidney transplantation.

It should be remembered that the majority of 
patients with heart failure will exhibit some 
renal dysfunction, primarily due to the lack of 
adequate perfusion related to poor heart func-
tion or secondary to related conditions such as 
hypertension and diabetes mellitus. And while 
renal failure has been considered a contraindi-
cation to cardiac transplantation, it is recog-
nized that many patients will show an 
improvement in renal function following car-
diac transplantation.

Neither the cause of the heart failure nor 
the level of creatinine or proteinuria can reliably 
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predict the renal pathologic diagnosis or the 
degree or tubular atrophy/interstitial fibrosis of 
the native kidneys or the degree of improvement 
following heart transplant.

In published series, the underlying kidney dis-
ease has included: IgA nephropathy, diabetic 
nephropathy, nephrosclerosis, glomerulonephri-
tis, chronic interstitial nephritis, and polycystic 
kidney disease.

Graft survival for the heart and kidney is com-
parable to that for the individual organs with no 
increase in early mortality (Bacchi et al. 2011).

Chronic kidney disease following cardiac 
transplantation is a major cause of morbidity and 
mortality and reflects the presence of pre-existing 
renal dysfunction and the nephrotoxic effects of 
some of the necessary immunosuppressant drugs. 
The incidence of chronic renal failure (GFR of 
29 ml/min/1.73 m2 of body surface area or less), 
5 years after heart transplantation, is estimated at 
7–21 %. Some patients have gone on to have kid-
ney transplants some years after their heart trans-
plant for end-stage renal failure.

Table 23.1 shows data on renal dysfunction 
after heart transplantation from the International 
Society for Heart and Lung transplantation 
(ISHLT) (Yusen et al. 2014).

23.4  Heart and Lung

Combined heart and lung transplants are typi-
cally undertaken for end-stage cardiopulmonary 
failure. The initial disease may lie in either the 
heart or the lung but has led to the development 
of irreversible changes within the other organ and 
the need for a combined procedure.

End-stage cardiac and pulmonary diseases 
which lead to combined transplantation because 
of related causes are:

• Congenital cardiac anomalies with pulmonary 
hypertension (Eisenmenger’s complex) 
(Hayes et al. 2013; Goldberg et al. 2014)

• Acquired heart disease with secondary pul-
monary hypertension (Farber and Gibbs 
2015)

• Pulmonary hypertension with irreversible 
right heart failure

• Other lung diseases with compromised car-
diac function, e.g., bronchiectasis, chronic 
obstructive pulmonary disease, or idiopathic 
pulmonary fibrosis (rare)

Unrelated diseases are cardiomyopathy and 
chronic obstructive pulmonary disease.

Another disorder which can involve both the 
lungs and heart and requires the combined proce-
dure, although anecdotal, is sarcoidosis (Morisse 
Pradier et al. 2016).

Worldwide, the number of heart-lung trans-
plants performed has fallen from a peak of 220 
per year in the early 1990s to about 80 per year. 
Approximately one third are performed for 
congenital heart disease, with the second larg-
est indication being idiopathic pulmonary 
hypertension (Fig. 23.1). While historically 
heart-lung transplants were performed for cys-
tic fibrosis and the explanted heart removed 
was used for a domino transplantation in 
another patient, this has become much less 
frequent.

More than 80 % of recipients are under 50 
years of age at the time of transplantation. Long- 
term survival is similar to that of lung trans-
plants with survival limited by chronic lung 
allograft dysfunction rather than coronary artery 
vasculopathy.

23.5  Heart and Bone Marrow

In a few cases of patients with acquired mono-
clonal immunoglobulin light-chain amyloido-
sis (AL), when the amyloid disease was heart 

Table 23.1 Renal dysfunction following heart 
transplantation

Outcome Within 1 year Within 5 years

Renal dysfunction 22.9 % 54.6 %

Abnormal creatinine 
≤ 2.5 mg/dl

16 % 36.4 %

Abnormal creatinine 
> 2.5 mg/dl

5.1 % 14.5 %

Dialysis 1.7 % 3 %

Renal transplant 0.1 % 0.7 %
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dominant with minimal or no other organ 
involvement, heart transplant has been com-
bined with  high- dose posttransplant chemo-
therapy and autologous peripheral blood stem 
cell transplantation.

In the report from Lacy et al. where 11 patients 
underwent sequential orthotopic heart transplan-
tation (HT) followed by autologous peripheral 
blood stem cell transplantation (SCT) for treat-
ment of AL amyloidosis, the 1- and 5-year sur-
vival for HT was 82 % and 65 % (Lacy et al. 
2008).

More recent data show that patients with light- 
chain amyloidosis surviving to heart transplanta-
tion followed by autologous stem cell 
transplantation have a survival rate similar to 
other cardiomyopathy patients undergoing heart 
transplantation (Gray Gilstrap et al. 2014).

This approach can therefore offer an option 
for AL amyloidosis.

23.6  Principle Reasons 
for Combined 
Transplantation

23.6.1  Amyloidosis

Amyloidosis is a protein conformation disorder 
and includes a large group of diseases caused by 
extracellular deposition of amyloid, a pathologic 
proteinaceous substance, made up of abnormal 
insoluble fibrils of misfolded proteins, which 
can impair tissue structure and the function of 
several organs. Electron microscopy shows amy-
loid to be formed from non-branching fibrils 
with a diameter of 7.5–10 nm: these have been 
shown through X-ray crystallography to be 
arranged in a cross beta-pleated sheet, irrespec-
tive of their chemical composition; this particu-
lar conformation is at the basis of the typical 

Idiopathic pulmonary
arterial hypertension

27 %

Retansplantation
2 %

Sarcoidosis
2 %

Other
5 %

Acquired heart
disease

5 %
Congenital heart

disease
36 %

Chronic obstructive
pulmonary disease/
alpha-1-antitrypsin

6 %

Cystic Fibrosis
14 %

Idiopathic pulmonary
fibrosis

4 %

Fig. 23.1 Modified from the ISHLT 2015 Registry – 
heart-lung transplantation online slides: adult recipient 
diagnosis (January 1982–June 2013). “Other” includes 

cancer, lymphangio-leiomyomatosis, obliterans bronchi-
olitis (Yusen et al. 2014)
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green birefringence when amyloid is observed 
under polarized light using Congo red staining 
(see Chap. 5).

Amyloidosis may be systemic or localized 
and is currently classified according to type of 
precursor protein (Westermark et al. 2002).

The two most frequent types of systemic amy-
loidosis involving the heart, which can be consid-
ered for combined transplantation, are acquired 
monoclonal immunoglobulin light-chain amyloi-
dosis (AL) and hereditary TTR-related forms 
(ATTR) (Walley et al. 1995), which should be 
considered as distinct diseases, probably charac-
terized by different pathophysiological substrates 
and courses (Rapezzi et al. 2009). Cardiac local-
ization has major clinical implications and is the 
main indicator of unfavorable prognosis: its pres-
ence and extent vary considerably depending on 
form.

In AL amyloidosis, the majority of patients 
have an underlying plasma cell dyscrasia, the 
best characterized of which is multiple myeloma, 
a malignant expansion of plasma cells, which 
produce excess amounts of a single immunoglob-
ulin (monoclonal gammopathy). The occurrence 
of systemic AL amyloid in these patients is 
5–15 %. These plasma cells may also produce an 
excess of light chains which may be detected in 
the urine as Bence-Jones proteins. The majority 
of cases with AL amyloid do not have an overt 
B-cell neoplasm, although monoclonal immuno-
globulins or light chains are often detectable. In 
AL cardiac involvement is usually substantial 
and present in around half of cases (Falk and 
Dubrey 2010)

Transthyretin is a normal serum protein which 
transports thyroxine and retinol in the serum. In 
its normal form – wild-type/nonmutant – it may 
be deposited in the heart of elderly individuals 
and is referred to as senile cardiac amyloid. In 
familial amyloidosis, the precursor protein is a 
genetically mutant form of TTR, which with its 
fragments is deposited in tissues in a group of 
disorders termed the familial associated polyneu-
ropathies (FAP) (Planté-Bordeneuve and Kershen 
2013). More than 100 mutations of the gene have 
been described, and the type of mutation appears 

to influence the phenotype of the disease (Rapezzi 
et al. 2010).

The disease is transmitted as an autosomal 
dominant with high penetrance. Overall the dis-
ease typically presents in the third decade with a 
polyneuropathy or dysautonomia due to the 
deposition of the amyloid in peripheral nerves. 
However, some mutations such as Thr59Lys or 
Glu89Lys give rise to predominantly cardiac 
involvement (Rapezzi et al. 2010). A Thr-60-Ala 
amino acid substitution is also usually associated 
with a cardiac presentation (heart failure and con-
duction system disturbances and minimal neu-
ropathy); a Val-122-Iso substitution can also 
present, mainly with cardiac disease, often a late- 
onset cardiomyopathy with progressive heart 
failure showing a restrictive pattern and predomi-
nant signs of right heart failure. In ATTR, the 
prevalence of cardiac involvement is highly vari-
able depending on mutation type (Falk and 
Dubrey 2010; Shah et al. 2006).

23.6.2  Hemochromatosis

Hemochromatosis is characterized by excess iron 
being deposited in parenchymal organs primarily 
the liver and the pancreas. Humans are unable to 
excrete excess iron, and the total body iron store 
is regulated through control of absorption. 
Primary hemochromatosis arises from a defect in 
a human hemochromatosis protein known as 
HFE (human gene encoding a protein which reg-
ulates the intestinal absorption of iron). The dis-
ease is inherited as a homozygous recessive 
disorder. In Europe, approximately 9 % of the 
population are heterozygotes with a homozygos-
ity frequency of 0.45 % making it one of the com-
monest inherited disease. However, the 
penetrance of the disorder is only 20 %, so not all 
homozygotes express the disease phenotype. The 
gene is expressed on the basolateral aspect of 
small intestinal crypt epithelial cells and facili-
tates the binding of transferrin to its receptor. In 
its absence the loss of regulation of the intracel-
lular iron pool leads to excess absorption. 
Secondary hemochromatosis – hemosiderosis – 

23 Combined Heart Transplants

http://dx.doi.org/10.1007/978-3-319-46386-5_5


384

arises from blood transfusion and is associated 
with hemolytic anemias and ineffective 
erythropoiesis.

Diagnosis of iron overload is made on the 
finding of a transferrin saturation >55 % and 
 elevated serum ferritin (>300 ng/ml) (Gulati et al. 
2014).

The heart may be involved with other organs 
or may be the major site affected. Clinically the 
presentation is usually of cardiac failure often 
with a congestive or restrictive physiology. There 
may be atrial and ventricular arrhythmia and 
atrioventricular nodal block. Cardiac magnetic 
resonance imaging with measurement of T2* 
relaxation times can help quantify myocardial 
iron load and also monitor reduction with treat-
ment (Murphy and Oudit 2010).

Macroscopically the heart is often enlarged 
and dilated and may have a brown hue to the 
myocardium. The hemosiderin is deposited in 
myocytes predominantly in the perinuclear zones 
and can be easily demonstrated with Perls 
Prussian blue stain (Fig. 23.2). Accompanying 
fibrosis both interstitial and perimyocytic is usu-
ally mild. The conduction system may be 
involved, but deposition in the sinoatrial node is 
said to be uncommon (Olson et al. 1987).

Average survival following diagnosis is less 
than a year in severe cardiac impairment; how-
ever, early identification and treatment with iron 
chelation and venesection to remove the excess 
iron can lead to improved cardiac function and 
improve survival rates to that of the regular heart 
failure population.

23.6.3  Eisenmenger’s Syndrome

Eisenmenger’s syndrome arises as a complica-
tion of congenital heart disease most commonly 
when there is a shunt from the left to the right 
side of the heart with increased blood flow result-
ing in pulmonary hypertension. With worsening 
of the hypertension, the shunt reverses with 
unoxygenated blood passing from the right side 
to the left leading to cyanosis and symptoms of 
breathlessness, palpitations, and syncope.

The major causes are ventricular septal 
defects, atrial septal defects, patent ductus arteri-
osus, and atrioventricular canal defects. These 
defects result in a hyperkinetic circulation with 
both a greater volume and higher blood pressure 
in the pulmonary circulation. In atrial septal 
defects, the problem is largely one of volume, 
and pulmonary hypertension rarely develops 
before middle age. With ventricular septal defects 
(Fig. 23.3) and patent ductuses, there is a sub-
stantial increase in pressure, and changes in the 
pulmonary vasculature occur much earlier 
(Gatzoulis et al. 2014).

Fig. 23.2 Excess iron in myocardium in hemochromato-
sis. Perls Prussian blue, 400×

Fig. 23.3 Diagrammatic representation of a ventricular 
septal defect
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The heart will show the underlying cardiac 
defect although, if surgical correction has 
been performed, it may be difficult to demon-
strate. The major pathological changes are 
seen in the pulmonary vasculature. The small 
arteries and arterioles (40–300 um diameter) 
will show striking intimal thickening and 
medial hypertrophy, and there are characteris-
tic plexiform lesions within small arteries. 
Larger vessels show intimal thickening and 
early atheroma.

23.6.4  Pulmonary Hypertension

The current classification of pulmonary hyper-
tension includes five categories (Galiè et al. 
2016):

 1. Pulmonary arterial hypertension (PAH)
 2. Pulmonary hypertension due to left heart 

disease
 3. Pulmonary hypertension due to lung diseases 

and/or hypoxia
 4. Chronic thromboembolic pulmonary hyper-

tension (CTEPH) and other pulmonary artery 
obstructions

 5. Pulmonary hypertension with unclear and/or 
multifactorial mechanisms

The first group comprises “different forms 
that share a similar clinical picture and virtually 
identical pathological changes of the lung micro-
circulation” (Galiè et al. 2016). It now includes 
pulmonary arteriopathy – previously known as 
primary pulmonary hypertension – and the sub-
sets of pulmonary veno-occlusive disease 
(PVOD) and/or pulmonary capillary hemangio-
matosis (PCH) and of persistent pulmonary 
hypertension of the newborn.

Primary or idiopathic pulmonary hyperten-
sion is largely sporadic, but up to 6 % of cases 
are familial with an autosomal dominant mode 
of inheritance, although penetrance is variable 
and only 10–20 % of the family members actu-
ally develop the disease. Investigations of these 
family groups have shown defects in the bone 
morphogenetic protein receptor 2 (BMPR2) 

and its signaling pathway. BMPR2 is part of the 
transforming growth factor-beta receptor super 
family. In vascular smooth muscle cells, 
BMPR2 stimulation leads to inhibition of pro-
liferation and promotes apoptosis (Liu and 
Morrell 2013).

Pulmonary hypertension is a disease of the 
pulmonary vessels (Tuder et al. 2013): the patho-
logical classification of vasculopathies in pulmo-
nary hypertension drawn up at the Third World 
Symposium on Pulmonary Hypertension in 
Venice in 2003 (Pietra et al. 2004), adopted a 
descriptive histopathologic system of classifica-
tion with four main categories and subsets 
(Table 23.2). Pulmonary arteriopathy affects pre- 
and intra-acinar arteries and is characterized by 
numerous elementary lesions, subdivided into 
constrictive (medial hypertrophy, intimal and 
adventitial thickening) (Fig. 23.4) and complex 
arterial lesions (plexiform and dilatation lesions 
and arteritis) (Fig. 23.5).

The main pathology of pulmonary occlusive 
venopathy (formerly PVOD) consists of exten-
sive and diffuse occlusion and/or stenosis of pul-
monary venules and veins of various sizes, 
usually intralobular and interlobular (Fig. 23.6). 
Pulmonary microvasculopathy (formerly PCH) is 
a rare condition characterized by localized 
 capillary proliferation within the pulmonary 
interstitium.

Drug therapies have improved the treatment 
and prognosis of pulmonary hypertension, and 
even in severe cases where transplant is deemed 
necessary, bilateral lung transplant is the most 
common approach as the right heart can remodel 
after transplantation. Heart and lung transplant 
is only required in cases of end-stage right ven-
tricular failure or if there is evidence of left-
sided heart failure. In these cases the right side 
of the heart is greatly dilated and the free wall 
thickened with a non-trabecular wall thickness 
>0.8 cm. In addition, there is septal deviation 
with bulging of the septum into the left ventricu-
lar cavity which may impair left ventricular 
function. Microscopically there is myocyte 
hypertrophy with prominent nuclear enlarge-
ment and a variable amount of interstitial 
fibrosis.
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Table 23.2 Pathological classification of vasculopathies of pulmonary hypertensiona

1. Pulmonary arteriopathy (pre- and intra-acinar arteries) Previous WHO terminologyb

Subsets

Pulmonary arteriopathy with isolated medial hypertrophy Pulmonary plexogenic 
arteriopathy Gr. 1

Pulmonary arteriopathy with medial hypertrophy and intimal thickening 
(cellular, fibrotic)

Concentric laminar Pulmonary plexogenic 
arteriopathy Gr. 2, 3

Eccentric, concentric nonlaminar Pulmonary embolic arteriopathy

Pulmonary arteriopathy with plexiform and/or dilation lesions or arteritis Pulmonary plexogenic 
arteriopathy Gr. 4–6

Pulmonary arteriopathy with isolated arteritis n.a.

1a. As above but with coexisting venous-venular changes (cellular and/or 
fibrotic intimal thickening, muscularization)

n.a.

The presence of the following changes should be noted

Adventitial thickening, thrombotic lesions (fresh, organized, recanalized, 
colander lesion), necrotizing or lympho-monocytic arteritis, elastic artery 
changes (fibrotic or atheromatous intimal plaques, elastic laminae 
degeneration), bronchial vessel changes, ferruginous incrustation, calcifications, 
foreign body emboli, organized infarct perivascular lymphocytic infiltrates

2.  Pulmonary occlusive venopathy (veins of various size and venules) with or 
without coexisting arteriopathy

PVOD

Histopathologic features

Venous changes: intimal thickening/obstruction (cellular, fibrotic), obstructive 
fibrous luminal septa (recanalization)

Adventitial thickening (fibrotic), muscularization, iron and calcium incrustation 
with foreign body reaction

Capillary changes: dilated, congested capillaries, angioma- like lesions

Interstitial changes: edema, fibrosis, hemosiderosis, lymphocytic infiltrates

Others: dilated lymphatics, alveoli with hemosiderin-laden macrophages, type 
II cell hyperplasia

3.  Pulmonary microvasculopathy with or without coexisting arteriopathy and/or 
venopathy

PCH

Histopathologic features

Microvessel changes: localized capillary proliferations within pulmonary 
interstitium, obstructive capillary proliferation in veins and venular walls

Venous-venular intimal fibrosis

Interstitial changes: edema, fibrosis, hemosiderosis

Others: dilated lymphatics, alveoli with hemosiderin-laden macrophages, type 
II cell hyperplasia

4. Unclassifiablec n.a.

(From Pietra et al. 2004)
Gr. grade, n.a. not applicable
a Nonvascular lung pathology needs to be listed as separate diagnosis
bPrimary pulmonary hypertension. Report on a WHO meeting. Geneva, October 15–17, 1975. S. Hatano and T. Strasser, eds
cAtypical histopathological features or inadequate sampling of blood vessels
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Fig. 23.4 Pulmonary arteriopathy: constrictive arterial 
lesions. (a) Medial hypertrophy (hematoxylin-eosin, 
400×), (b) eccentric intimal thickening (Weigert-Van 
Gieson, 400×), (c, d) concentric nonlaminar intimal thick-
ening (400×, c Mallory trichrome, d Weigert-Van Gieson), 

(e) concentric laminar intimal thickening (Weigert-Van 
Gieson, 400×), (f) adventitial thickening (Mallory tri-
chrome, 400×) (Courtesy of Dr. O. Leone, Sant’Orsola 
Heart Transplant Center, Bologna-Italy)

a b c

d e f

Fig. 23.5 Pulmonary arteriopathy: complex arterial 
lesions. (a, b) Plexiform lesions (a Mallory trichrome, 
200×; b Weigert-Van Gieson, 200×), (c) dilatation (angio-
matoid) lesions (hematoxylin-eosin, 200×), (d, e) arteritis 

(hematoxylin-eosin, 200×), (f) recanalized thrombus 
(Mallory trichrome, 200×) (Courtesy of Dr. O. Leone, 
Sant’Orsola Heart Transplant Center, Bologna, Italy)
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23.6.5  Sarcoidosis

Sarcoidosis is a systemic disease of unknown 
cause, but there is growing evidence that it is a 
disease of disordered immune regulation in 
genetically predisposed individuals exposed to 
certain environmental factors. There is a spec-
trum of disease within the lung from incidental 
granulomas to widespread pulmonary fibrosis, 
and pulmonary vessels may be involved resulting 
in pulmonary hypertension.

Cardiac involvement in sarcoidosis has been 
identified in up to 30 % of all cases although less 
than 5 % of patients diagnosed with sarcoid in life 
have any cardiac symptoms. Up to half the patients 
present with conduction abnormalities. The sar-
coidal granulomas show a predilection for certain 
areas of the heart particularly the fee wall of the left 
ventricle, atrial walls, and the conduction system. 
Microscopically the granulomas are well-defined 
non-necrotizing granulomas which include giant 
cells, but myocyte necrosis is typically absent and 
eosinophils are rare unlike giant cell myocarditis 

(Fig. 23.7). In healed areas there are patchy or ser-
piginous areas of fibrosis. In a proportion of cases, 
there may be involvement of the walls of the intra-
mural coronary arteries (Silverman et al. 1978).

23.6.6  Hypercholesterolemia

Familial hypercholesterolemia is a receptor dis-
ease arising from a mutation in the gene encoding 
the low-density lipoprotein (LDL) receptor, which 
is involved in the transport of cholesterol. Elevated 
cholesterol leads to an early atherosclerosis and 
an increased risk of myocardial infarction in the 
second and third decades of life (Wiegman et al. 
2015). The heterozygous form is common with 
about 1:500 carriers in the general population, 
and these too have a raised cholesterol level. The 
LDL receptor is mainly expressed on hepatocytes, 
and the liver is responsible for clearing approxi-
mately 70 % of the LDL from the circulation. This 
has been the rationale behind the few heart and 
liver transplants undertaken for this condition.

a b

d e f

c

Fig. 23.6 Venous changes in pulmonary hypertension: 
cellular (b, c, e) or fibrotic intimal thickening (a, d, f), 
narrowing (a–d) or obstructing (e, f) the lumen of venules 

and little veins (Courtesy of Dr. O. Leone, Sant’Orsola 
Heart Transplant Center, Bologna, Italy)
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23.6.7  Biopsy Protocols

Immunosuppression in cardiac transplants is gen-
erally higher than for kidney or liver transplants, 
and combined transplants have tended to be moni-
tored using cardiac biopsy protocols as with iso-
lated heart transplant. In heart and lung transplants, 
monitoring is through transbronchial lung biop-
sies according to the standard protocols.

Both liver and kidney transplants are moni-
tored through routine blood testing, and these are 
used as indications for direct biopsy of the organ. 
Similarly, evidence of cardiac dysfunction on 

clinical grounds or echocardiography are used as 
indicators for a cardiac biopsy.

The evidence suggests that both cell-mediated 
and antibody-mediated rejection events are less 
frequent in combined transplants for reasons that 
are not yet understood. Furthermore, there does 
not appear to be a correlation between rejection 
episodes in the two organs.

Heart and kidney transplantation is the most 
frequent and the number of patients listed is 
increasing. The underlying kidney diseases for 
combined procedures are IgA nephropathy, dia-
betic nephropathy, nephrosclerosis, glomerulo-
nephritis, chronic interstitial nephritis, and 
polycystic kidney disease.

In heart-liver transplantation, the most com-
mon indication is hereditary transthyretin-related 
amyloidosis (familial amyloid polyneuropathy) 
which accounts for 25–30 % of the cases in most 
reported series.

For heart-lung transplantation, congenital 
heart disease is the most frequent indication, with 
the second largest being primary pulmonary 
hypertension.

In a few cases of patients with AL, when amy-
loid disease is heart dominant with minimal or no 
other organ involvement, heart transplant has 
been combined with high-dose posttransplant 
chemotherapy and autologous peripheral blood 
stem cell transplantation.

a b

Fig. 23.7 (a) Myocardium containing non-caseating granulomas (hematoxylin-eosin, original magnification 100×). 
(b) High-powered view of sarcoid granuloma (hematoxylin-eosin, original magnification 400×)

Key Points

Indications for combined transplants 
depend on organ pairing and can be 
grouped as:

• End-stage cardiac disease and other 
organ diseases because of related 
causes

• End-stage cardiac disease and other 
organ diseases because of unrelated 
causes

• End-stage cardiac disease with other 
organ transplants to correct an underly-
ing disorder

23 Combined Heart Transplants
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24.1  Background

The outcome after heart transplantation has 
improved considerably in recent years with a sur-
vival rate of up to 85 % reported at 1 year, 72.5 % 
at 5 years and 57 % at 10 years (Lund 2014). The 
major drop in survival is in the first 3 months 
after transplantation with a more gradual decrease 
thereafter. Accurate identification of the cause of 
death represents an important step in the manage-
ment of heart transplant recipients with the 
potential to influence clinical diagnosis and ther-
apy in subsequent recipients and to identify unex-
pected pathologies of donor and recipient origin.

A full clinical, or hospital autopsy remains the 
gold standard for identification of the cause of death. 
In recent years we have seen a steady drop in the rate 
of hospital autopsies worldwide often for cultural 
and economic reasons, with some detractors ques-
tioning its cost-benefit ratio. In some countries the 
autopsy rate has fallen to about 10 % of all deaths in 
teaching hospitals, reaching 5 % or less in general 
hospitals. There has also been a change in the levels 
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of autopsy- detected diagnostic errors over time 
(Shojania et al. 2003). The failure to glean informa-
tion from the hospital autopsy can affect medical 
standards of care and scientific validation of public 
health measures introduced to reduce morbidity and 
mortality and improve quality of life. The falling 
autopsy rates nowadays extends even to heart trans-
plant centers where, in contrast to experience in the 
eighties and nineties, transplant physicians are now 
more confident in the management of their patients, 
many of whom are followed up in peripheral centers 
far from the Transplant Unit which “owns” them 
and where an ever-increasing number may die unex-
pectedly. However we consider that the autopsy pro-
cedure still has an important role to play in the 
medicine of the new millennium.

Although substantial data have been reported on 
causes of death in the transplant population (Rose 
et al. 1992; Sanroman et al. 2004; Graham 1992; 
Gallo et al. 1997), most autopsy-based studies were 
confined to initial experience gained in cardiac 
transplantation and date back 10 or 20 years. 
Starting with the early studies of Alan Rose in early 
nineties (Rose et al. 1992), these papers highlighted 
the need for the autopsy mainly in reporting epide-
miological data on the cause of death from single 
institutions and focusing on differences in causa-
tion of early and late death or on the mode of death 
and its underlying causes (Chantranuwat et al. 
2004; Alexander and Steenbergen 2003; Patel et al. 
1996; Vaseghi et al. 2009; Zuppan et al. 2009) 
(Table 24.1). A very important aspect has been the 
issue of sudden unexpected death. Among others, 
Chantranuwat et al. (2004) looked at sudden, unex-
pected death in a cohort of cardiac transplant recip-
ients and found acute cellular rejection and 
coronary artery disease to be the most frequent 
cause (39 % each), with no anatomic cause demon-
strated in a further, significant number of cases 
(32 %). A recent paper from a Brazilian group 
reported that, in their experience, about one third of 
autopsies showed discrepancies between clinical 
and autopsy findings which may have impacted on 
management of their recipients (Valette et al. 2014).

Regardless of the experience of individual 
transplant programmes the autopsy can still reveal 
unexpected pathology and often sheds light on 
details of the final illness. Hence it is important to 

discuss the pathological findings with the clini-
cian in order to reach a correct final diagnosis that 
is helpful for both clinician and families.

24.2  Role of Autopsy 
in Transplantation

The autopsy remains a key investigation in the inte-
gration of medical knowledge in cardiac transplan-
tation with several well-defined roles (Table 24.2). 
Its key role is diagnosis and identification of the 
cause(s) of death; this requires assessment of the 
technical aspects of the transplant and any subse-
quent surgical procedures and interventions, and 
the identification of medical complications of 
transplantation and of immunosuppression. It is 
essential to identify all graft- related and systemic 
comorbidities. A comprehensive report should 
include the cause of death, expressed according to 
international norms (e.g. World Health Organisation 
2015, ICD10) and a full clinicopathological corre-
lation. Before signing out the final report the case 
should be reviewed and discussed with the clinician 
to ensure that all questions have been addressed.

In modern medicine clinical governance systems 
should be in place to facilitate quality assurance and 
clinical audit. This applies no less to the autopsy 
than to diagnosis, management and treatment of the 
patient in life. Pathologists should ensure that the 
quality of the autopsy procedure and report is sub-
ject to audit internally and through quality assurance 
schemes and peer review. Regular mortality review 
meetings should be held with the compulsory pres-
ence of all clinicians and ancillary staff involved in 
the management of the transplant recipients.

The third role is education for undergraduate 
and postgraduate medical students and experts 
from other professions. The autopsy provides an 
opportunity to educate and train clinicians and 
pathologists through its unrivalled impact and 
immediacy, presenting educational opportunities 
through case review and audit as well as atten-
dance at and involvement in the procedure itself.

The fourth role is research which can be gen-
erated through the collection of tissues during 
the autopsy. This can be for individual ongoing 
projects using stored tissue left over from diag-
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Table 24.1 Reviews reporting significant number of autopsy in heart transplantation

Authors Journal and year No. autopsy Key points

Rose AG Arch Pathol Lab Med. 
1992;116(11):1137–41.

81 Infection, together with acute and/or 
chronic rejection, is still the major 
causes of death in HTX pts.

Graham AR Am J Clin Patrol. 
1992;97(3):369–75.

44 (80 % rate) 25 % autopsy had gastrointestinal and/
or pancreatic abnormalities (mucosal 
inflammation, erosions or hemorrhage 
and pancreatitis). 64 % pts with 
rejection had had an episode of 
rejection 3 weeks after Tx and/or one 
episode of severe rejection

Patel VS Circulation. 
1996;94:II273–7.

13/25 SD 
(incidence for all 
death of 9.7 %)

20 % died < or = 12 months, 80 % died 
after > 12 mo, and 20 % died 
after > or = 60 months. CAD in 92 % 
and rejection in 15 % autopsy 
(grade > 3A). Of the deaths, 64 % 
occurred within 3 months from last 
EMBs, 96 % had normal EMBs, and 
the only rejection was without 
hemodynamic compromise.

Gallo P J Heart Lung Transplant. 
1997;16(11): 113–21

97 (1985–1995) 
with >2years 
follow-up

In late death Graft vasculopathy was 
the main cause (40 %). Tumors ranked 
second (23 %). Emergence of disease 
recurrence was confined to longer 
follow-up (>5years).

Alexander RT Am J Clin Pathol. 
2003;119(5):740–8.

39 SD in 27 % of cases. Pulmonary 
hypertensive arteriopathy was 
associated with early death and 
right-sided heart failure.

Chantranuwat C J Heart Lung Transplant. 
2004;23(6):683–9.

28/79 SD
(37.8 %)

SD is common (37.8 % of all deaths). 
ACR, in the first year, and CAV, 
afterwards, are associated with 
SD. Cardiac hypertrophy is not 
increased and coronary thrombosis is 
not more frequent in pts who died 
suddenly.

Sanromán Budiño B Transplant Proc. 
2004;36(3):787–9.

76 Infections are the main cause of death 
<1 year, 30 % of other pathologies were 
represented by pulmonary embolism, 
central nervous system pathology, acute 
pancreatitis, digestive hemorrhage and 
acute myocardial infarction.

Zuppan C J Heart Lung Transplant. 
2009;28:579–84

128 autopsy/168 
death (pediatric 
experience)

Early death: Acute graft dysfunction 
and technical issues. Late deaths : acute 
rejection and CAV. A significant 
number of late SD due to Acute 
rejection

Valette TN Arq Bras Cardiol. 2014; 
102(5):505–509

48
(10 years interval)

Discrepancies between clinical 
diagnosis and necroscopic findings do 
exist. 29 (60.4 %) had concordant 
clinical and necroscopic diagnoses, 16 
(33.3 %) had discordant diagnoses and 
three (6.3 %) had unclear diagnoses. 
Among the discordant ones, 15 (31.3 %) 
had possible impact on survival and 1 
(2.1 %) had no impact on survival
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nosis (the diagnostic bioarchive) or by donation 
of tissue samples for the primary purpose of 
research to an institutionally or regionally regu-
lated biobank with appropriate staffing, facilities 
and procedures for authorized tissue collection, 
storage and release for ethically approved 
research studies.

The fifth role is data collection for public 
health monitoring. This includes feedback of 
appropriately anonymized autopsy data to each 
country’s Office of National Statistics or equiva-
lent organization. For transplantation there 
should also be feedback to the relevant transplant 
coordinating center, e.g., the National Italian 
Transplant Centre (http://www.trapianti.salute.
gov.it) and the UK’s NHS Blood and Transplant 
(http://www.nhsbt.nhs.uk) for purposes of moni-
toring transplant program activity. Likewise 
input of coded autopsy data to Registries such as 
that managed by the International Society for 
Heart and Lung Transplantation (ISHLT, http://
www.ishlt.org) ensures access to the latest data 
when establishing and evaluating new transplant 
programmes, devising collaborative research 
studies and updating international protocols of 
practice.

24.3  Types of Autopsy

Hospital autopsies are usually performed by a 
pathologist and their main aim is to identify 
cause(s) of death and patient’s disease(s). Usually 
this is a full autopsy, which typically includes the 
removal and examination of all/main internal 
organs, with or without the brain.

A full autopsy is desirable because it allows 
the complete inspection of all/main organs and 
offers a greater guarantee that all diseases pres-
ent, cause(s) of death and concurrent factors are 
recorded. It also allows tissue sampling for his-
tology, further investigation when necessary and 
research (see below).

It can happen that for a number of reasons, an 
objection to a full autopsy is raised: by express 
wish of the patient, by the family – at times 
because of how or when the request is made – 
for religious or cultural reasons, lack of infor-
mation on the autopsy procedure, etc. 
Alternatives can be proposed. These include 
limited autopsies, ranging from exclusion of 
examination of the brain to removal, examina-
tion and sampling of the transplanted heart only 
and minimally invasive autopsies, such as per-
cutaneous needle biopsies of specific organs 
(Van der Linden et al. 2014; Kang et al. 2014). 
Restricted autopsies, however, imply the risk of 
missing or underdiagnosing clinically signifi-
cant conditions, thus limiting the value of 
autopsy to the family, to physicians, to quality 
assurance and to medical statistics and science. 
However even autopsies confined to dissection 
of the graft, only, through a limited incision, can 
carry “added value”, permitting correlation of 
the findings with imaging studies as well as 
pathological evaluation of the graft and its com-
plications (Michaud et al. 2015). An example is 
cardiac magnetic resonance imaging (CMRI) 
performed antemortem for tissue characteriza-
tion of underlying structural abnormalities. 
These can be correlated with the findings in cor-
responding histological sections of myocardium 
of both ventricles and thus contribute to our 
understanding of the pathological substrates for 
the in vivo images. Experience combining CT or 

Table 24.2 Role of the autopsy in cardiac transplantation

1. Diagnosis and identification of the cause of death

  Assessment of technical aspects of the transplant 
procedure

  Identification of the complications of transplantation 
and of immunosuppression

  Identification of comorbidities (other graft-related, 
systemic and iatrogenic pathology)

2. Clinical governance

  Quality control

  Transplant-related clinical audit

3. Education

  Undergraduate, postgraduate and clinical teaching

4. Research

  Collaborative retrospective studies using material 
surplus to diagnosis (bioarchives)

  Regenerative medicine

  Validation of imaging techniques

  Biobanking

5. Public health monitoring
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MR imaging with biopsy sampling as a means 
to limit or prevent body dissection is still lim-
ited, with significant drawbacks preventing its 
application in routine clinical practice (Michaud 
et al. 2015; Thayyil et al. 2013; Weustink et al. 
2009; Ross et al. 2012; Arthurs et al. 2014).

There is increasing support for the “added 
value” of what is called the molecular autopsy 
regardless of the extent of the dissection. In the 
molecular autopsy fresh tissue samples, including 
blood, are collected from all organs, DNA and 
RNA is extracted and is then stored at −80 °C for 
future diagnostic testing, e.g., detection of viruses 
in the differential diagnosis of myocarditis, detec-
tion of infections in other organs or evaluation of 
malignancy and its possible donor or recipient ori-
gin (Calabrese et al. 1999; Basso et al. 2010). 
Future molecular studies may be important for 
current and future family members if there is a 
potentially inheritable genetic cause for the dis-
ease that led to the transplant procedure. The com-
pleteness of tissue investigation using molecular 
investigation regardless of the extent of the dissec-
tion represents a unique method of reaching a 
diagnosis and can contribute important informa-
tion for detailed clinical audit (Van der Linden 
et al. 2014). However technology has now 
improved to the extent that DNA and RNA can be 
extracted from formalin fixed paraffin embedded 
blocks in a high percentage of cases with excellent 
results (Carturan et al. 2008; Fedrigo et al. 2013).

24.4  Preparing for the Autopsy

24.4.1  Consent Issues

Before commencing the autopsy two important 
aspects to be considered are consent and the extent 
of the examination permitted. Often,  provision of 
an information leaflet for families about their 
options is helpful in aiding discussions, as is the 
help of a dedicated Bereavement Officer acting as 
liaison between the family and the hospital or 
Coroner’s/Medical Examiner’s office.

Certain categories of death such as periopera-
tive and peri-intervention deaths and sudden 

death early or late after transplantation may fall 
under the jurisdiction of the Coroner/Medical 
Examiner and a full medicolegal autopsy may be 
required. Sudden deaths, which are particularly 
traumatic to families, typically occur at home or 
in the community, represents a challenge for the 
pathologists and should be performed according 
to published national or international standards 
(Basso et al. 2008). In all these cases communi-
cation between the officers of the coroner/medi-
cal examiner, the family and the clinical team or 
pathologist is important to ensure that consent is 
sought through the appropriate channels from the 
family for retention of any material beyond his 
requirements and authority.

The alternative – the hospital, or consent 
autopsy in all its forms – may be done at the 
request of the clinician in some countries but in 
others it cannot take place without the witnessed 
written consent of the family or legal represen-
tative of the deceased, who are entitled to limit 
its extent. Thus, before starting the procedure it 
is mandatory to check the consent paperwork to 
see what restrictions, if any, apply. Consent 
should cover retention of tissue and organs and 
also all uses to which these samples may be put, 
e.g., diagnosis, clinical audit, education and 
research. Separate consent must be obtained 
before retaining samples for RNA/DNA extrac-
tion and storage for possible future analysis. 
Often limiting the autopsy may be related to 
religious or personal beliefs about body dissec-
tion and families’ perception of death, espe-
cially in paediatric cases, when consent is often 
limited to inspection of the thoracic cavity and 
the dissection and retention of the cardiac 
allograft.

It is important to note here that in the UK, in 
general, consent is not required for the recording 
and use of digital images or video recordings of 
organs and pathology slides providing that before 
use the recordings are anonymized by the removal 
of identifying recipient data (General Medical 
Council 2015). However nowadays many peer- 
review journals may require documented consent 
from the patient or family for use of images in 
publication.
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24.4.2  Autopsy Facilities, Staffing 
and Health & Safety Issues

In all jurisdictions, the facilities provided for the 
conduct of autopsies must conform to national or 
regional accreditation standards for ensuring 
health and safety in autopsy suites, including pre-
vention of infections and for electrical safety, 
manual handling, radiological hazards and chemi-
cal substances hazardous to health. Importantly, 
there should be an assessment of risk on a case- by- 
case basis, including checking that any pacemak-
ers and defibrillators have been deactivated. The 
presence of premortem infections should be 
checked from the notes and there should be proto-
cols for dealing with more commonly encountered 
infections and with rare but dangerous pathogens. 
The pathologist has a responsibility to notify the 
local consultant in communicable disease control 
of certain infections where these were not sus-
pected prior to the autopsy. Autopsies must be 
conducted either by specialist senior cardiac 
pathologists with experience in the pathology of 
transplantation or by trainee pathologists super-
vised by them and assisted by a trained anatomic 
pathology technician (mortician) who should be 
skilled at opening and evisceration of the body and 
at its reconstruction afterwards to a high standard.

24.4.3  Review of Clinical Notes

The pathologist should have access to the clinical 
notes prior to the autopsy and optimally should 
speak to the clinician who cared for the patient. 
He/she should know key details of the donor and 
recipient at the time of transplantation, including 
the disease for which the transplant was done 
(Calabrese et al. 1999; Melacini et al. 2010; 
Melacini et al. 2001), details of the transplant 
procedure, significant complications thereafter, 
the clinical events leading to death and the mode 
of death. If the patient dies in the community or 
in a hospital remote from the Transplant Centre 
where the procedure was done, the local patholo-
gist should be advised to contact the Transplant 
Centre’s pathologist or transplant coordinator for 
relevant clinical information and advice and, 
where relevant, for advice about aspects of con-

ducting the autopsy and/or referral of the trans-
planted heart for expert examination. Otherwise 
the referring clinician should provide a full clini-
cal history for the pathologist and, where possi-
ble, should attend the autopsy. This is of particular 
importance in postoperative deaths.

24.4.4  The Autopsy Procedure

The pathologist must be present at the start of the 
autopsy to check the identity and external appear-
ance of the deceased. He/she must note all surgi-
cal and other scars and placement of all lines and 
devices, including pacemakers and defibrillators 
which must be deactivated prior to removal. A 
standard approach to cadaveric dissection and tis-
sue sampling is essential to ensure that valuable 
information is not missed. This is especially 
important when examining postoperative and 
postintervention deaths, when often it might be 
advantageous to have the operator assist in the 
dissection. A similar approach should be adopted 
when dealing with the long-term systemic com-
plications of transplantation and of the recipient’s 
original disease. Several published general 
autopsy protocols are available and one specifi-
cally for heart transplantation is given in the 
Appendix. It may need to be modified as appro-
priate to each case. Today’s autopsy should 
include extensive tissue sampling for histology, 
which is still the pathologist’s main instrument, 
for documentation and to allow a more detailed 
diagnosis. Appropriate samples for biochemical, 
microbiological and molecular investigations 
should also be taken. Digital imaging of relevant 
findings is important for clinicopathological cor-
relation afterwards, especially if the autopsy 
takes place off site or the clinicians are unable to 
attend the autopsy.

24.5  Interpretation 
of the Findings 
and the Cause of Death

The first major objective of the autopsy is to 
establish the final diagnoses, or cause of death – 
which may not be as straightforward as one might 
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at first anticipate. In a typical case much comor-
bidity may contribute to the final illness and 
death. Determining which comorbidity is respon-
sible can be difficult and often requires detailed 
discussion with the clinician at several stages 
before the final report is signed.

24.5.1  Mode of Death

The immediate cause of death is often ascribed to 
end-organ or multiorgan failure – and reflects the 
mode of death but not its underlying cause. 
Despite this it is often cited on death certificates 
as the cause of death. Death after transplantation 
may be sudden in up to 30 % of cases, mainly in 
long-term survivors, and in such instances is 
often the result of cardiac allograft vasculopathy 
or humoral and/or acute cellular rejection 
(Chantranuwat et al. 2004; Alexander and 
Steenbergen 2003). Immediately after transplan-
tation death due to right heart failure is usually 
due to high lung vascular resistance and vascu-
lopathy. Early graft failure can be due to diffuse 
ischemic injury resulting from poor graft quality 
or preservation, complicated by the side-effects 
of sustained, high levels of inotrope support, a 
prolonged ischemic time ≥ 4 h or technical com-
plexity of the operative procedure because of pre-
vious cardiac surgery or ventricular assist device 
placement. In severe cases insertion of an intra- 
aortic balloon pump or a temporary right ventric-
ular assist device may be required after 
transplantation to sustain output. Multiorgan fail-
ure may be the end-result of a range of other fac-
tors such as blood loss/hypovolemia, systemic 
infections and poor end-organ function such as 
renal or hepatic insufficiency. Death may also 
follow gradual long-term clinical deterioration 
resulting from immunosuppressant drug-related 
chronic nephropathy, cardiac allograft vasculop-
athy, malignancy, rejection and recipient disease 
recurrence in the allograft or its systemic effects.

24.5.2  Cause of Death

The main causes of death in heart transplantation 
are listed in Table 24.3 in decreasing order of 

 frequency. It is important to remember that at any 
stage the cause of death could be unrelated to 
transplantation and its pharmacological therapy. 
Cerebrovascular events leading to haemorrhage 
or infarction could be due to other recipient 
pathologies such as vascular malformations caus-
ing rupture and intracranial bleeding. Native ath-
erosclerosis may affect the large vessels such as 
the aorta and lead to aneurysm formation and 
subsequent rupture. Pretransplant risk factors 
may contribute to the development of atheroma 
complicating late cardiac allograft vasculopathy 
(CAV) and resulting from metabolic or hemody-
namic factors acquired as a result of transplanta-
tion and its treatment. Under the term “others” 
we refer to conditions that, unrecognized and 
unsuspected, could cause death, such as severe 
traumatic accidental injury producing splenic 
rupture and catastrophic haemorrhage.

It is important to know the time interval 
between transplantation and death, as well as the 
history of the terminal illness, in order to con-
sider likely causes of death at a given time point. 
There are three helpful time frames: postopera-
tive deaths, which include those occurring up to 
30 days after transplantation, usually referred to 
as in-hospital deaths; early deaths, which include 
those occurring between 30 days and 12 months; 
and late deaths, which include those occurring 
after 12 months (Table 24.4 and Fig. 24.1).

24.5.2.1  Postoperative Deaths <30 
Days Posttransplant)

Less than 10 % of recipients die within the first 
30 days after transplantation. There are often sev-
eral contributing factors mainly graft failure, 

Table 24.3 Complications of transplantation and of 
immunosuppression

1. Perioperative complications

2. Postoperative myocardial ischaemic injury

3. Acute cellular and antibody-mediated rejection

4. Chronic allograft macro and microvasculopathy

5. Infections

6. Drug-related side-effects

7. Recurrence of disease in the graft

8. Neoplasia (NB lymphoproliferative disease)

9. Systemic effects of underlying disease, e.g., 
atherosclerosis and its complications
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infections and multiple organ failure. Technical 
aspects related to the surgical transplant proce-
dure, especially the atrial and great vessel anasto-
moses should be always carefully evaluated both 
in the postoperative period and in the longer term, 
even up to 3 months after transplantation. They 
are usually confined to in-hospital deaths. 
Regardless of the cause the final common denom-
inator is usually a longer transplant surgical pro-
cedure, with early allograft failure almost 
inevitable due to an unavoidable increase in isch-
emia and cardiopulmonary bypass times.

Care in opening the chest and in initial dissec-
tion of the mediastinum is advised in the setting 
of previous cardiac or mediastinal surgical proce-
dures, ventricular assist device (VAD) implanta-
tion and congenital structural pathologies, 
whether or not these have been surgically cor-
rected. In complex congenital heart disease there 
may need to be adjustments to the often-used 
bicaval transplant surgical technique, as in the 
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Fig. 24.1 Histogram with distribution of causes of death according to time post-transplantation and era (adult 
recipients- 1994- 2012) (Data from the ISHLT registry. Lund et al. 2013)

Table 24.4 Likely causes of death according to time 
after transplantation

Time since 
transplantation Cause of death

Post-operative cause 
of death (within 1 
month, in-hospital 
death)

Technical aspects of surgical 
procedures
Perioperative myocardial 
damage (poor quality of the 
graft, diffuse ischemic injury 
due to poor preservation of the 
graft, prolonged high inotrope 
therapy, long ischemic time)
Multiorgan failure
Infections
Others

Early death 
(between 1 and 12 
months)

Infections
Acute rejection
Recurrence of disease
Others

Late death (after 12 
months)

Cardiac allograft vasculopathy
Malignancy
Recurrence of disease
Renal failure
Others
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case of recipients with a failing Fontan proce-
dure, when it will be necessary to adopt a hybrid 
procedure, to include stenting of the pulmonary 
vessels because of stenosis of branches of the 
pulmonary artery near the site of graft implanta-
tion (Fig. 24.2). There are usually dense adhe-
sions between the right ventricle and the inner 
surface of the sternum with obliteration of the 
anterior pericardial space. Hence careful dissec-
tion of the inner surface of the sternum at autopsy 
is very important.

When evaluating the right atrial anastomosis it 
is important to know that different techniques 
have been used over the years. The original tech-
nique employed for cardiac transplantation – the 
biatrial anastomosis – leaves in situ the sinus part 
of the recipient right atrium to which the donor 
right atrium will be anastomosed, thus preserving 
the recipient’s sinoatrial junction with the crista 
terminalis and the sinus node. The donor sino-
atrial junction is also preserved and is anasto-
mosed to that of the recipient after suturing 
closed the donor superior vena cava. With this 
standard technique there remain two sinus nodes, 
one from the donor and one from the recipient. 
The recipient’s sinus node will undergo coagula-
tive necrosis because of transection of the sinus 
nodal artery – a branch of the right coronary 
artery – during resection of the heart. Although 
the donor sinus node together with its blood sup-
ply is left intact with, hopefully, preservation of a 
regular pacemaker function the donor sinoatrial 
junction may undergo ischaemic damage when 
anastomosed to the recipient’s right atrium. The 
anastomotic technique results in folding of the 
donor crista terminalis, with a horseshoe-shaped 
distortion of the sinus nodal artery. This, together 
with suture-related trauma may lead to iatrogenic 
damage of the sinus node, with irreversible isch-
aemic necrosis, thus leaving the recipient without 
any atrial pacemaker function. In the more physi-
ological bicaval technique the recipient right 
atrium is resected in its entirety, with suturing of 
the donor atrium at the level of the superior and 
inferior vena cava. This results in removal of the 
recipient sinus node while leaving intact the 
donor sinoatrial junction with the crista termina-
lis and sinus node. The bicaval technique is now 

commonly employed, evidence suggesting that it 
leads to improved post-operative haemodynam-
ics compared to the biatrial technique, with 
reduced right atrial pressure, less tricuspid regur-
gitation, an increased chance of recovering sinus 
rhythm and a reduced need for pacing (Schnoor 
et al. 2007).

Perioperative myocardial injury is a broad 
term encompassing different aspects of early 
allograft failure. Several factors may affect the 
condition of the donor organ during and after 
transplantation, most of them leading to severe 
myocardial ischemia-reperfusion injury with 
allograft failure and, often, death of the recipient. 
They include poor quality of the allograft, poor 
preservation of the allograft, prolonged treatment 
with high doses of inotropes and prolonged 
allograft ischemia time. The resultant ischemia- 
reperfusion injury is characterized by severe 
edema with flaccidity of the heart, biventricular 
dilatation and variegated, hemorrhagic myocar-
dium. The histology shows multifocal, diffuse 
myocyte coagulative necrosis associated with 
contraction band necrosis at the interface with 
normal myocardium and, occasionally, a “spotty” 
distribution of clusters of necrotic myocytes with 
focal/multifocal extension. Sometimes there may 
also be clusters of vacuolated myocytes. The 
inflammatory response is typically less severe 
than the myocyte necrosis and is characterized by 
leucocyte infiltration with a prevalence of macro-
phages. It is impossible to differentiate between 
the different causes of ischemic-reperfusion 
injury based on pathology (World Health 
Organization 2015). Various initiatives to 
improve the condition of the donor heart have 
been instituted, the most promising being the 
recently introduced ex vivo normothermic preser-
vation of the beating heart between harvesting 
and implantation (see Chap. 8, 9).

The use of marginal donor hearts, introduced 
in countries with falling donation rates, can 
increase the risk of intra- or postoperative death. 
Clinical information on donor age, sex, inotropic 
support and cause of death should be collected 
before the autopsy. Marginal donor hearts at har-
vesting may show coronary artery disease with 
subobstructive atherosclerotic lesions that may 
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a b
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Fig. 24.2 Complex congenital heart disease in a 17-year- 
old boy with a Fontan procedure. The transplantation pro-
cedure was lengthy due to reconstruction of the right 
ventricle outflow tract. A covered stent was inserted per-
cutaneously due to persistence of peripheral pulmonary 
stenosis. The patient died postoperatively of pulmonary 
hemorrhage. (a) Frontal view of the heart and lung block 
removed at autopsy. (b) A cross section of the heart at 
midventricle with discoloration of the ventricular wall 

suggestive of perioperative ischemic injury. (c) The right 
ventricle outflow tract is reconstructed: note the presence 
of the covered stent in the pulmonary arteries (arrow). (d) 
Posterior view of the left pulmonary artery, which has 
been opened, and shows the stent (arrow) at the pulmo-
nary trunk bifurcation. (e) Frontal view of the recon-
structed main pulmonary artery (vascular graft, arrow) 
and vein. (f, g) Macroscopic view of the right (f) and left 
lung (g) with signs of extensive hemorrhage
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require coronary artery by-pass grafting before 
implantation. They may also show left ventricu-
lar hypertrophy. Their use has been confined to 
marginal recipients. Thus during autopsy particu-
lar attention should be given to evaluation of the 
degree of native coronary artery disease and left 
ventricular hypertrophy for subsequent clinico-
pathological correlation. Such data may guide 
future assessment of allograft adequacy with 
adjustment and updating of donor selection 
criteria.

Right ventricular failure may occur in the set-
ting of borderline pulmonary hypertension and 
raises the important question of sensitivity of 
techniques to evaluate pretransplant pulmonary 
wedge pressure during the assessment of poten-
tial transplant recipients. Even a mild increase of 
pulmonary vascular resistance has been reported 
as an independent predictor of perioperative/
early mortality after heart transplantation. In the 
setting of poor preservation of the allograft 
ischemia- reperfusion injury of the myocardium 
may lead to right ventricular failure even in the 
presence of normal or borderline pulmonary 
hypertension. Very occasionally, unexpected 
pathology of the allograft right ventricle may be 
found. In the early years of the Padua experience 
a donor allograft with extensive fibrofatty 
replacement of the right ventricle led to allograft 
failure due to inability to cope with borderline 
pulmonary hypertension in the recipient. 
Extensive sampling of lungs for histology should 
normally be done to identify changes suggestive 
of increased pulmonary vascular resistance.

Multiorgan failure accounts for approximately 
one in five deaths in the postoperative period 
(Lund 2013) and may be given as the cause of 
death in some instances as it may be difficult to 
attribute death to a single underlying clinical or 
pathological entity. It is important to consider the 
“knock-on” effect on other organs such as the 
kidney and liver of prolonged end stage cardiac 
failure, perhaps worsened by a long time on the 
waiting list and the additional operative risks 
posed by extended pretransplant mechanical cir-
culatory support. Intraoperative complications 
leading to a prolonged cardiopulmonary bypass 
time may exacerbate subclinical prerenal or con-

gestive hepatic failure or lead to coagulopathy 
with prolonged bleeding at the operative site or 
elsewhere, for example, intracerebral 
haemorrhage.

Infections, often multiple and systemic, may 
complicate the picture (see below). Therefore it is 
important that a complete autopsy is done to 
ensure extensive tissue sampling for both histol-
ogy and microbiological investigation and that 
the final cause of death reflects the outcome of 
multidisciplinary case conference discussions 
(Fig. 24.3). Rarely, unexpected donor-related 
infections are identified (Calabrese et al.1999). In 
this instance communication with the appropriate 
organ donor registry is important as other recipi-
ents from the donor will be at risk.

24.5.2.2  Early Deaths (30 Days – 12 
Months Posttransplant)

Infections continue to be a significant risk in the 
longer term follow-up of transplant recipients, 
overall accounting for about 10–12 % of all 
deaths except in the early period when they may 
be responsible for up to one third of deaths (Lund 
et al. 2013). A broad spectrum of infections may 
be encountered, including viral, bacterial, fungal 
and parasitic agents. The heart may be involved 
either in isolation or as part of multiorgan involve-
ment in the clinical setting of sepsis or septic 
shock.

Early infections within the first few weeks of 
transplantation may localize to the surgical 
wound site, vascular or pacemaker access sites, 
urinary tract or lung. They may be donor-related 
(Calabrese et al. 1999) or acquired de novo after 
transplantation. Identification of the site of pri-
mary infection can be challenging in the context 
of multiorgan involvement. At autopsy sampling 
for microbiological investigation should be done 
of catheter or cannula tips, together with any 
adherent thrombotic material and tissue from 
their insertion sites, as well as of potentially 
involved organs and fluid from tissue cavities 
such as the pleural and posterior pericardial sacs.

Mediastinum is a possible site of infection fol-
lowing sternotomy. It is easy to identify when the 
sternum is still open, but may be more difficult 
when the wound site has healed and superficially 
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lacks typical signs of infection. Even in the 
immediate postoperative period the immunosup-
pressed transplant recipient has an increased sus-
ceptibility to infection and delayed healing with 
development of wound dehiscence and mediasti-
nitis. There may be subsequent difficulties in 
chest closure, even after the infection has been 
successfully treated. Everolimus, a potent mTOR 
inihibitor, can delay wound healing. Postsurgical 
infections and pneumonia are common in in- 
hospital recipients while, opportunistic infections 

are more common later on, especially after 
increasing immunosuppression to treat an epi-
sode of acute rejection. Cardiac allograft endo-
carditis should be excluded. Closed-space fungal 
infections such as Candida, Histoplasma, 
Coccidia, Nocardia, Toxoplasma gondii and 
Mycobacteria have been encountered.

There is a significant risk of primary allograft 
involvement by Toxoplasma gondii and cytomeg-
alovirus (CMV) in cases of serological mismatch 
i.e. a heart from a seropositive donor transplanted 

a b

c d

Fig. 24.3 CMV myocarditis in the early phase after 
transplantation. A 17 year old male affected by dilated 
cardiomyopathy was successfully transplanted, but devel-
oped CMV myocarditis and died suddenly while still in 
hospital. (a) Macroscopic frontal view of the heart 
removed at autopsy with fibrinoid pericarditis. (b) Cross 
section of the heart at midventricle with nondilated ven-
tricles. The myocardium shows spotty discolorations sug-
gestive of myocarditis. (c) Diffuse inflammatory infiltrates 

associated to myocyte necrosis. Haematoxylin-eosin 
staining, original magnification ×100. (d) High power 
view of c with evidence of vasculitis and intravascular 
thrombosis. Note the monomorphic type of inflammation 
with numerous plasmacells and eosinophils and the pres-
ence of CMV cytopathic features of a few cells (arrows). 
Haematoxylin Eosin staining, original magnification 
×200. Molecular analysis was positive for CMV in the 
tissue
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into a seronegative recipient. While serological 
monitoring and sometimes prophylactic treat-
ment of recipients at risk is necessary, a de novo 
diagnosis may be made on endomyocardial 
biopsy or at autopsy. Microscopic involvement of 
the cardiac allograft by T. gondii may be sus-
pected if there is a diffuse interstitial granuloma-
tous inflammatory infiltrate with sparse 
multinucleated giant cells. The cysts of T. gondii 
may be seen in myocytes but are often very sparse 
and trophozoites themselves are often only seen 
at magnification × 100 under oil immersion 
(Fig. 24.4). In CMV myocarditis the diffuse lym-

phocytic infiltrate may resemble that of acute 
 cellular rejection (see below) with repercussions 
for the recipient if the CMV inclusions are not 
identified, the appropriate serological or molecu-
lar tests are not done and enhanced immunosup-
pression for an erroneous diagnosis of acute 
rejection is given. This is of particular importance 
as CMV infection may, itself, precipitate acute 
rejection, necessitating treatment for both disor-
ders in cases where the diagnostic dilemma can-
not be resolved. Immunohistochemical staining 
and molecular studies such as in situ hybridiza-
tion, PCR or RT-PCR should be done to identify 

a b

c d

Fig. 24.4 An 18-year-old man was successfully trans-
planted because of myocarditis. After a few months he 
developed fever and astenia. He died shortly afterwards 
with congestive heart failure refractory to conventional 
therapy. The diagnosis of toxoplasma gondii myocarditis 
was made on the day of death. There was a mismatch 
between a positive toxoplasma donor and a negative recip-
ient. (a) Midventricle cross section of the transplanted 
heart removed at autopsy with a yellowish appearance of 
the lateral and posterior walls of the left ventricle. (b) 

Histologic section of the lateral wall of the left ventricle 
showing edema and inflammatory infiltrates. 
Haematoxylin-eosin staining, original magnification 
×100. (c, d) Histologic section of the left ventricle with 
evidence of bradizoites inside the cysts in cardiomyo-
cytes, not in proximity to inflamed areas. Haematoxylin-
eosin staining, original magnification ×400. In d there is 
an insert of the Toxoplasma gondii PCR analysis per-
formed in the tissue from the left ventricle. (M marker, Pt 
patient, NC negative control, PC positive control)
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or confirm the suspected pathogens. Both infec-
tions may also be systemic.

Acute rejection accounts for about 11 % of 
deaths in the first year (Lund et al. 2013). 
However acute and chronic immune injury are 
likely important contributors to graft failure 
early and late after transplantation and remain 
leading cause of death throughout follow-up. 
Hence at any time post-transplantation acute cel-
lular rejection should be considered as a possible 
cause of death, including that known to the clini-
cians to be the consequence of noncompliance 
with treatment (Fig. 24.5). The acutely rejecting 
allograft shows the typical macroscopic appear-
ance of a streaky haemorrhagic endocardium 

and blotchy discoloration of the myocardium. 
Typically the recipient’s right and left atrial 
myocardium at the site of the anastomosis, is 
macroscopically pale, being spared by inflam-
mation, whereas the donor side is blotchy and 
haemorrhagic. Acute rejection involves the con-
duction system with equal severity to working 
myocardium, with the exception of the bundle of 
His, which appears insulated and protected 
within the surrounding fibrous tissue. During an 
acute rejection episode, the sudden appearance 
of first-degree AV block may suggest involve-
ment of the conduction system with impending 
cardiac arrest. When evaluating cases of sudden 
cardiac death in allograft recipients it is  important 

a b

c d

Fig. 24.5 Acute cellular rejection 10 years post trans-
plantation in a 24-year-old woman who spontaneously 
withdrew from immunosuppressive therapy. (a, b) The 
autoptic heart, opened along the obtuse margin in a and 
acute margin in b shows both ventricular cavities dilated. 

(c, d) Histologic section of the left ventricle with diffuse 
inflammatory infiltrates and myocyte necrosis 
(Haematoxylin-eosin staining. c: original magnification 
×10; d: original magnification ×200)
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to study the conduction system to assess severity 
of involvement as a possible mode of death 
(Chantranuwat et al. 2004; Alexander and 
Steenbergen 2003; Patel et al. 1996; Vaseghi 
et al. 2009). Humoral rejection may lead to death 
through various mechanisms: it may be present 
in isolation or coexist with acute cellular rejec-
tion (mixed rejection) and/or cardiac allograft 
vasculopathy. Hence it should be always assessed 
by both histological and immunohistochemical 
investigation in the autopsied allograft.

Disease recurrence in the allograft is uncom-
mon but can occur at any time after transplanta-
tion depending on the diagnosis. The knowledge 
of native pathology such as lymphocytic myo-
carditis leading to transplantation is important 
in the interpretation of cases with an inflamma-
tory infiltrate where the macroscopic appear-
ance of myocardial involvement as well as the 
microscopic features do not distinguish between 
acute cellular rejection and either recurrent or 
de novo lymphocytic myocarditis. In this 
instance molecular detection of viral genomes 
and sequencing analysis of the viral strands 
enables differentiation of acute rejection from 
myocarditis. This is a more frequent occurrence 
in the pediatric population. Giant cell myocardi-
tis may recur early after transplantation or 
within the first year. Its diagnosis in the allograft 
at autopsy is confirmed by the presence of giant 
cells and possibly eosinophils in the inflamma-
tory cell infiltrate on histology. Usually recur-
rence in this setting has already been confirmed 
in life on routine endomyocardial biopsy moni-
toring. Sarcoidosis may also recur in the cardiac 
allograft, the granulomas showing more fibrosis 
and less lymphocytic infiltration than in the 
other forms of granulomatous myocarditis. A 
systemic disorder, it may be found in tissue sec-
tions from other organs such as lymph nodes, 
liver and lungs. Recurrent amyloid deposits may 
produce pallor and firmness of myocardium, if 
extensive. It is often diagnosed in life on routine 
endomycardial biopsy monitoring but may not 
lead to clinical problems until the volume of 
deposited amyloid is sufficiently high. 
Recurrence may involve other organs and may 
occur many years after transplantation.

24.5.2.3  Late Deaths (>12 Months)
With increasing time post-transplantation car-
diac allograft vasculopathy (CAV) becomes a 
leading cause of death through ischaemic cardio-
myopathy and/or acute myocardial infarction. It 
accounts for about 11 % of deaths from one to 15 
years and beyond after transplantation (Lund 
2013). The heterogeneity in clinical symptoms 
from silent ischemia to severe congestive heart 
failure and sudden death is paralleled by hetero-
geneity in the pathological features of CAV. It is 
important to remember that the identification of 
CAV at autopsy does not necessarily correspond 
to identification of the cause of death although it 
could be a comorbidity which could have influ-
enced the final illness and death of the recipient 
from another cause.

CAV is a rapidly progressive form of athero-
sclerosis characterized by an accelerated progres-
sive, diffuse intimal hyperplasia of the vascular 
tree that leads to insidious vessel narrowing and 
eventually to allograft ischemia (Fig. 24.6). There 
are many features that are peculiar to CAV com-
pared to classical native atherosclerotic lesions 
(ATS). One of these is the involvement of the 
venous and postcapillary vascular bed in CAV 
which can be assessed easily on histology.

There are two components of CAV of clini-
copathological importance to be considered at 
autopsy. The first is epicardial coronary involve-
ment with heterogeneous lesions ranging from 
early diffuse intimal thickening, often with 
endotheliality which can lead to thrombosis 
(Fig. 24.7), to complicated atheroma, often with 
superimposed acute coronary thrombosis and 
myocardial infarction (Fig. 24.8). The second is 
microvasculopathy with involvement of small 
intramyocardial coronary arteries, arterioles and 
capillaries, in life leading to reduction in micro-
vascular density with reduction of coronary flow 
reserve and progressive heart failure (Fig. 24.8). 
The myocardial remodelling process, with 
patchy or diffuse interstitial fibrosis, could rep-
resent the substrate for arrhythmic events lead-
ing to death. It is also important to check if there 
is obstructive vasculopathy of the allograft sinus 
node artery which could lead to a terminal 
arryhthmia.
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The pathologist should thoroughly evaluate the 
epicardial vessels to identify the culprit lesion. 
These vary from the ‘classical’ CAV fibrocellular 
intimal proliferation, characterized by concentric 
diffuse intimal thickening of epicardial and intra-
myocardial coronary arteries, to classical ATS-
like lesions characterized by atheroma with focal 
eccentric plaques and a lipid pool (fibrolipid 
plaques). Histological evaluation may also show 
transmural vasculitis of epicardial and intramyo-
cardial vessels or more selective intimal involve-
ment with endothelialitis. Fibrocellular lesions 
are present in about two- third of CAV cases in the 
first few years after transplantation, but their inci-
dence drops markedly in the long term when 

fibrolipid plaques are more frequently detected. 
The remodelling process of CAV is time-depen-
dent. One might expect a dramatic reduction in 
the numbers of fibrocellular plaques over the 
years because of their transition into fibroathero-
mas, in part due to exposure to atherosclerotic risk 
factors such as hypercholesterolemia or diabetes 
mellitus. However, analysis of lesions from lon-
ger term survivors shows that about half of the 
plaques remain fibrocellular in nature.

Malignancy accounts for about 20 % of deaths 
after the third year post-transplant (Lund et al. 
2013) The identification of de-novo or previously 
unrecognized/undetected tumors can occur dur-
ing postmortem. If this should happen early after 

a b c
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Fig. 24.6 Cardiac allograft vasculopathy in a 39-year-old 
man, transplanted at the age of 31 years, who died because 
of congestive heart failure secondary to acute myocardial 
infarction. (a–c) Stereomicroscopic view of coronary 
arteries. (a): left anterior descending coronary artery with 
a severe lesion; (b): circumflex coronary artery with a 
haemorrhagic lesion and (c): right coronary artery with a 

severe lesion. (d–f) Histologic sections of (a–c), respec-
tively. (d) Concentric intimal proliferation with focal 
destruction of the media. (e) Concentric fibrolipid lesion 
with haemorrhage and rupture of the thin fibrous cap. (f) 
Concentric fibrotic lesion with stratification of collagen 
and nodular calcifications (arrows). Azan Mallory stain-
ing; original magnification ×30
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transplantation, especially in the graft, molecular 
investigation should be done to attempt to differ-
entiate between donor and recipient origin 
(Fig. 24.9), of significance for other potential 
recipients of organs from the same donor. The 
most common neoplasm after cardiac transplan-
tation is skin cancer, mainly squamous cell carci-
noma often with numerous lesions requiring 
resection. Other solid tumours, such as carcino-
mas of lung or gastrointestinal tract may occur 
with increased frequency. Regardless of site and 
cell type the main issue confronting both recipi-
ent and clinician is the unpredictable course of 
malignant tumours in the context of long-term 
iatrogenic immunosuppression.

In post-transplant lymphoproliferative disor-
ders (PTLDs) autopsy is critical to refine a 

definitive diagnosis in late allograft failure and 
to enhance our understanding of the natural 
 history of these group of diseases and the 
impact of potentially cardiotoxic chemotherapy 
in advanced disease. PTLDs show a spectrum of 
pathologies ranging from early lesions charac-
terized by plasmacytic hyperplasia or infectious 
mononucleosis- like pathology to polymorphic 
PTLD to monomorphic PTLD (see Chap. 20). 
Monomorphic lesions almost invariably show a 
B-cell phenotype (>80 %) although less fre-
quently T-cell or Hodgkin-like lymphomas are 
seen. Late PTLDs are more likely to be negative 
for EBV. Detection of EBV by in situ hybridiza-
tion is a useful tool in the differential diagnosis 
between PTLD and rejection in the allograft. 
Early PTLD is more common in children and 

a b
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Fig. 24.7 Cardiac allograft vasculopathy in a 53-year-old 
man. (a) Apical cross section of the transplanted autoptic 
heart with whitish fibrotic areas. (b) Cross section of the 
left descending coronary artery seen under a stereomicro-
scope. (c) Corresponding histologic section of the coro-

nary artery with acute occlusive thrombosis (Azan 
Mallory staining, original magnification ×30). (d) 
Histologic section of an artery with intimal smooth mus-
cle cell proliferation and inflammation (Haematoxylin- 
eosin staining, original magnification ×200)
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young adults and is more frequently EBV-
positive than PTLD in older recipients or occur-
ring late after transplantation (Fig. 24.10). 
Molecular genetic studies are important to show 
clonal rearrangement of immunoglobulin genes 
and or EBV genomes. The majority of PTLD 
are of recipient origin, reflecting escape of 
recipient EBV- positive cells from immune sur-
veillance. Only a minority are of donor origin, 
as a result of lymphoid donor cells transplanted 
with the graft. Many PTLDs are extranodal, 
often affecting the gastrointestinal tract. Rarely, 
they involve the cardiac allograft, usually as 
part of secondary dissemination. Primary 
involvement of the cardiac allograft is very rare. 
The cellular infiltrate of cardiac involvement by 

PTLD requires differentiation from lympho-
cytic myocarditis and acute rejection and 
requires application of immunohistochemical 
and molecular techniques.

24.5.2.4  Other Graft-Related 
and Systemic Pathology

The evaluation of the cardiac allograft should 
identify the presence of other pathologies which 
may not be related to the cause of death, but rep-
resent comorbidities. For example, cardiac 
allograft macro or microvasculopathy may be 
detected on histology in a recipient dying from 
another cause. We have already alluded to the 
impact of systemic disorders such as generalized 
atherosclerosis in a recipient transplanted for 

a b
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Fig. 24.8 Cardiac allograft vasculopathy in a 39-year-old 
man, transplanted at the age of 17 years for dilated cardio-
myopathy secondary to myocarditis. (a) Basal cross sec-
tion of the transplanted autoptic heart. (b) Stereomicroscopic 
view of anterior descending coronary artery showing 
the occlusive atherothrombotic lesion. (c) The histologic 

section shows the atherosclerotic plaque with haemor-
rhage, occlusive thrombosis and periadventitial fibrosis 
(Azan Mallory staining, original magnification ×30. (d) 
Histologic section of the left ventricle with microvascu-
lopathy affecting a small intramyocardial artery (Azan 
Mallory staining, original magnification ×100)
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Fig. 24.9 PTLD early after transplantation in a young 
woman who presented with acute myocardial infarction 
due to vasculitis and occlusive thrombosis of the anterior 
descending coronary artery. (a) Midventricle cross section 
of the transplanted autoptic heart. (b) Histologic section 
of the culprit lesion with thrombosis (Haematoxylin-eosin 
staining, original magnification ×30. (c) High power view 
of b showing the vascular wall infiltrated by the lympho-

blastic cells. Haematoxylin-eosin staining, original mag-
nification ×200. (d) High power view of the epicardial 
perivascular fat infiltrated by neoplastic cells with pleo-
morphic appearance and giant and bizzare nuclei 
(Haematoxylin-eosin staining, original magnification 
×400. (e) EBV Immunostaining showing positivity of the 
neoplastic cells with anti-EBV antibody (original magni-
fication ×400)
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ischaemic heart disease. Other systemic disorders 
such as the muscular dystrophies, amyloidosis, 
sarcoidosis and autoimmune disorders may com-
plicate management of recipients and cause sig-
nificant comorbidity and death even in the face of 
a normally functioning allograft. Drug- related 
side-effects may involve specific organs such as 
the liver and kidney, both of which may be target 
organs of immunosuppression. Chronic renal fail-
ure may account for 10 % of deaths in long term 
recipients, the kidney manifesting either the neph-
rotoxic effects of calcineurin inhibitors with tubu-
lar damage and vascular arteriolopathies and/or 
secondary damage from glomerulopathy or vas-

culopathy due to diabetes secondary to corticoste-
roids therapy (Lund et al. 2013).

24.6  The Autopsy Report 
and Clinicopathological 
Correlation

The quality of the autopsy is reflected in the qual-
ity of the information given in the final autopsy 
report and its contribution to clinical audit; it 
should conform to national or international stan-
dards (TRAGEDY 2015; Royal College of 
Pathologists, 2015; Basso et al. 2008).

Fig. 24.10 A 20-year-old woman, who died of sepsis fol-
lowing chemotherapy for recurrence of monomorphic 
PTLD (large B cell type, rich in T-lymphocytes), which first 
developed 6 years previously. (a) Histology of the PTLD 
within a lymph node with large neoplastic cells and high 
mitotic index (Haematoxylin-eosin staining, original mag-
nification ×100. (b) Immunohistochemistry with MIB1 
antibody showing a high number of proliferating neoplastic 
positive cells (original magnification ×400). (c) CD3 immu-
nohistochemistry revealing the presence of T-lymphocytes 
(original magnification x400). (d) CD20 immunohisto-

chemistry showing B-lymphocytes. EBV molecular analy-
sis of the tissue was negative (original magnification x400). 
(e) Cross section of the transplanted autoptic heart at basal 
level. (f) Histology of the left ventricle wall shows edema, 
myocyte necrosis, aspergillus hyphae and scarce inflamma-
tion (Haematoxylin-eosin staining, original magnification 
×100. (g) High power view of f with fungal aspergillus 
hyphae (Haematoxylin-eosin staining, original magnifica-
tion ×200. (h) High power view of g with lymphoblastic 
cells (arrow) and hyphae (Haematoxylin- eosin staining, 
original magnification ×400)
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The report should include a clinical history of 
sufficient detail to highlight key issues and any 
concerns of the clinician and family, then a sys-
tematic description of the macroscopic, micro-
scopic and other findings. The conclusion of the 
report should include the following:

 1. The summary of findings in order of priority
 2. A recommended cause of death
 3. A conclusion comprising a clinicopathologi-

cal correlation of the key findings contributing 
to the recipient’s demise

 4. A brief review of pertinent literature with cita-
tions, if relevant

 5. A note of organs and tissues which have been 
retained, including the uses to which they may 
be put and if any digital images or video 
recordings were done (and anonymized)

If the autopsy examination fails to resolve all 
the clinical questions, the final report may pro-
vide a ranked differential diagnosis.

As a rule the final report should not be com-
pleted until the pathologist has discussed the case 
with the clinicians as clinical information could 
have a bearing on the cause of death. The next-of- 
kin should also receive a copy if they request it, 
although this is best done in the context of a face- 
to- face meeting with the clinician after mortality 
case review has been completed. It should be 
remembered that information gleaned from high- 
quality autopsies and reports will help families in 
the aftermath of the death of their loved one and, in 
the wider context, has the potential to regain pub-
lic and professional support for the procedure.

24.7  Clinical Audit

Clinical audit is a core component of clinical 
governance and should be done by all HealthCare 
organizations to systematically analyze the 
quality of care given to their patients. The use of 
autopsy data contributes to this process by 

e f
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Fig. 24.10 (continued)
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ensuring comparison between the autopsy find-
ings and the clinical cause of death and enabling 
identification of previously unrecognized nonfa-
tal conditions. Thus to be an effective clinical 
tool the autopsy should be of a high standard, be 
performed with competence and care according 
to validated protocols and be reported in a 
timely fashion. The pathologist must ensure a 
high standard of autopsy performance and 
reporting through ongoing laboratory quality 
assurance, including audit of the autopsy report. 
He/she should also participate in external qual-
ity assurance schemes and peer review.

Autopsies can provide an opportunity to 
assess the standard of care not just in cases of 
sudden unexpected deaths and postoperative 
deaths but also in cases in which there appear to 
be no clinical uncertainties. This applies no less 
to the transplant recipient than to any other 
patient. Ideally the autopsy should be a compul-
sory part of clinical audit, not just an option. 
Discrepancies between clinical diagnosis and 
pathological diagnosis should be highlighted in 
the final report, differentiating between major 
and minor discrepancies and between those 
which could have an impact on patients’ man-
agement and those with no impact on treatment 
and outcome (Valette et al. 2014; Burton and 
Underwood 2007; Horowitz and Naritoku 2007). 
Mortality meeting and/or clinicopathological 
conferences should be routinely scheduled after 
autopsy of heart transplant patients with the 
presence of clinicians from the key specialties 
such as surgeons, physicians, intensivists, immu-
nologists, microbiologists, pathologists and all 
clinical staff involved in transplantation. The 
autopsy findings can contribute to furthering our 
understanding of the pathophysiology of organ 
transplantation and ongoing diagnosis and thera-
peutic management of complications and their 
outcome.

24.8  Education and Training

The autopsy examination of the transplant 
recipient is an important means of teaching 
undergraduate and postgraduate students and 

doctors, including trainee pathologists and cli-
nicians, about the pathology of heart transplan-
tation and its complications. As in other organs 
heart transplantation is nowadays no longer an 
experimental option but a standard therapeutic 
procedure. However the consideration of the 
autopsy procedure as a valid teaching instru-
ment in the perception of students has paral-
leled the drop in autopsy rate (Burton 2002; 
Burton and Underwood 2007; Horowitz and 
Naritoku 2007). A survey among undergraduate 
medical students before approaching autopsies 
in the pathology course during their fourth year 
in the University of Padua Medical School 
showed that more than 70 % would have refused 
to give consent to an autopsy on one of their 
relatives and about 40 % would have declined 
one on one of their patients, confirming the 
widespread impression held of the autopsy as a 
devastating, unpleasant and disrespectful pro-
cedure. After completion of the autopsy com-
ponent of their pathology course, this figure fell 
to 20 %.

Even though pathologists have been slow in 
applying modern imaging tools for recording and 
storing autopsy images, it is our experience in 
Padua that recording the autopsy procedure is a 
powerful tool which guarantees that at any time 
the results can be reviewed by the surgeon or cli-
nician who could not attend the procedure in per-
son. The recordings can be used very effectively 
for clinical audit and serve to improve under-
standing of the pathology underlying the last ill-
ness and death of recipients. They are of value for 
clinicopathological conferences, clinical audit, 
meetings to review deaths or even in cases of 
medicolegal investigation. Constructing a video 
archive of autopsies is also an invaluable teach-
ing tool. As part of an interactive autopsy teach-
ing session a brief presentation of the clinical 
history should be followed by the presentation of 
the main findings, the organs and tissues being 
cleaned beforehand which will favour a more 
positive acceptance of the procedure by students. 
The subsequent discussion of the findings can 
lead students to a greater understanding of the 
pathological substrates of diseases and their 
pathophysiology.
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24.9  Research and Biobanking

The availability of tissue samples from the 
allograft removed at autopsy for ethically 
approved research studies and to contribute to a 
biobank is of fundamental importance for 
research studies into the complications of trans-
plantation. Obtaining consent from bereaved 
families for this to be done can be viewed as an 
opportunity for them to contribute positively to 
the well-being of future recipients despite the 
loss of their loved one.

Among the many examples of such research is 
that carried out about 10 years ago in the field of 
regenerative medicine. The revolution in this 
field changed our thinking from the traditional 
concept in medicine that some organs in the body 
were fully differentiated without the capacity to 
regenerate, among them the heart. This doctrine 
has been questioned through study of the trans-
planted heart removed at autopsy (Quaini et al. 
2002). Using cardiac tissue from sex-mismatched 
heart transplants, in which a female donor heart 
had been implanted into a male recipient they 
showed, using fluorescence in situ hybridization 
that the allograft was colonized by recipient stem 
cells which could differentiate into cardiomyo-
cytes, smooth muscle cells and endothelial cells. 
This set the scene for the development of regen-
erative medicine with evidence of existence and 
trafficking of pluripotent stem cells of bone mar-
row origin which could migrate into solid organs 
and terminally differentiate. Samples from the 
allografts were evaluated with molecular tests 
that identified the Y-chromosome and antigens on 
cell surfaces to identify their origin from donor or 
recipient. Other groups used the same model to 
confirm or disprove their results but nonetheless 
this model represents an example of proof of con-
cept which derived from the availability of autop-
sied sex-mismatched allograft tissue. These and 
similar studies using different technologies have 
been used to further our understanding of the 
pathophysiology of cardiac allograft vasculopa-
thy and the contribution of recipient and donor 
cells to development of this disease which ulti-
mately leads to allograft failure and the death of 
the recipient.

The possibility of retrieving and sampling the 
heart allograft during an autopsy and to sample all 
the organs is of fundamental importance in setting 
up a bioarchive or biobank. A bioarchive, or diag-
nostic archive, is any collection of tissue and bio-
logical materials left over after diagnosis, which 
can subsequently be used in anonymized form for 
the secondary purposes of teaching and research 
studies. A biobank represents a collection of tissue 
or biological material such as serum, plasma or 
extracted DNA or RNA, obtained specifically for 
research with appropriate consent from recipients 
in the case of material obtained in life, or families in 
the case of autopsy material (Shickle et al. 2010). 
Biobanks are licensed and more strictly regulated 
compared to a bioarchive. There are stringent rules 
focusing on fundamental issues such as ethical 
approval and informed consent for all donated tis-
sue samples under conditions of anonymization to 
be stored in optimum, safe and secure conditions 
with controlled access (Shickle 2006; Asslaber and 
Zatloukal 2007). However it is beyond the scope of 
this chapter to discuss all these aspects in detail. 
With increasing knowledge of molecular genetics, 
proteomics and investigations using molecular 
technology in general, it is important to obtain, 
according to local practice, informed consent from 
the family to keep the cardiac allograft and tissue 
samples for teaching and for future research, includ-
ing molecular studies using stored DNA and RNA.

 Conclusion

Autopsy remains the gold standard for identi-
fication of the cause of death in allograft 
recipients. To be an effective clinical tool it 
should be of a high standard, performed with 
competence and care and reported in a timely 
fashion. Completeness of the diagnostic pro-
cedure, including molecular investigation, is 
irreplaceable even in the era of digital technol-
ogy because of the possibility of conserving 
and analyzing biological samples for diagno-
sis, audit and teaching and for current and 
future research studies. Contact with special-
ists looking after the transplant recipient is 
essential before and after the autopsy to help 
correctly diagnose the final cause of death and 
any contributing comorbidities and so close 
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the chapter of the recipient’s extended life. 
Clinical and pathological quality control and 
audits are important to ensure a high standard 
of service. Regular mortality review confer-
ences should be held to discuss death taking 
place in the Transplant Unit and elsewhere, 
including in the community. Even in the best 
regulated centers a percentage of the cases 
will defy identification beyond reasonable 
doubt of the cause of death. In such cases the 
death certificate should include a ranked list of 
possible causes of death. Last but not least the 
important educational and research potential 
of the autopsy must always be kept in mind.
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25.1  Background

Mechanical circulatory support systems (MCS) 
are now widely used as a treatment option to 
bridge the failing heart to transplantation. The 
2015 annual report of the Registry of the 
International Society for Heart and Lung 
Transplantation states that MCS devices were 
used as short and long-term treatment option in 
up to 35 % of heart recipients at time of trans-
plantation (Lund et al. 2015). However, serious 
life-limiting complications may occur in this 
patient group whether or not they proceed to 
transplantation (Kirklin et al. 2015).

There are a number of descriptions in the 
literature of how best to dissect the heart 
depending on the underlying pathology 
(Houser 2009; Billingham 1997; Gilbert-
Barness et al. 2014; Devine et al. 1991). In 
recent decades the number of end-stage heart 
failure patients and, within this group, those 
treated with mechanical circulatory support 
systems is growing. However, the literature on 
cardiac examination in this patient group is 
very limited, apart from reports referring to 
implantation techniques used for different 
MCS systems, which could in turn be used as 
guidance for opening the heart.

The dissection method described below sup-
plements dissection techniques of the heart 
already in widespread use.
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25.2  Components of Mechanical 
Assist Devices

Before proceeding to the dissection of the heart, 
the pathologist should be familiar with the com-
ponents of the implanted MCS system (Fig. 25.1a) 
and its anticipated location in the heart with 
regard to the supported ventricle (left, right, or 
both, Fig. 25.1b). The components of implant-
able left ventricular assist devices (LVAD) usu-
ally encountered at autopsy are the inflow 

cannula, which is inserted into the ventricular 
apex or into the left atrium and is connected to 
the pump itself (Fig. 25.2a); the outflow cannula, 
extending from the apex to the ascending or 
descending aorta, where it is anastomosed above 
the valves (Fig. 25.1a, b); and the driveline 
(Fig. 25.3a), an insulated electrical cable which 
exits the body from the device through an open-
ing in the skin in the upper abdomen (Fig. 25.2b). 
The exception is the Jarvik device, in which the 
driveline exits via a retroauricular skull pedestal.

a b

Fig. 25.1 (a) Situs after implantation of left ventricular 
assist devices (LVAD). The outflow cannula is seen at the 
apex, at the base of the heart, and at its anastomosis with 
the aorta. (b) Situs at autopsy. The pericardial sac has 

been opened. The MCS device with outflow cannula 
extending along the lateral wall of the right ventricle (RV) 
is observed. LV left ventricle

a b

Fig. 25.2 (a) Cross section through short axis of both 
ventricles in a severe case of myocarditis. The apical can-
nula and its location in the narrow left ventricular cavity 

are demonstrated. (b) Transcutaneous exit site of driveline 
cable. Note in the surroundings the histologically con-
firmed focal hemorrhage and granulation tissue
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In patients with an isolated right ventricular 
assist device (RVAD) or those supported with 
biventricular implantable systems (BVAD), 
the inflow cannula is implanted into the right 
ventricle or right atrium, while the outflow 
cannula in most cases connects to the pulmo-
nary trunk.

Patients supported with a total artificial 
heart (TAH) will have had their native heart 
removed at supravalvular level at the time of 
device implantation. The residual native atria 
are connected by cuffs to the two ventricles of 
the artificial heart, which are in turn connected 
to the great arteries by Dacron tubes. The 
pneumatic driver (compressor) is extracorpo-
real and is connected with the TAH by two 
tubes penetrating the skin below the xiphister-
num. TAHs are rarely encountered at autopsy. 
In the case of heart transplantation, only the 
explanted atria are received for histopathologi-
cal examination.

25.3  Examination Prior 
to Removal of the Heart 
and Device

The area around the transcutaneous driveline exit 
site represents one of the main entry points for 
bacterial and fungal infections, which may spread 
along the driveline into the mediastinum. These 
are responsible for a major proportion of deaths 
related to sepsis in MCS patients. This area 
should therefore be carefully examined 
(Fig. 25.2b). Ancillary techniques to identify spe-
cific pathogens, such as taking swabs from this 
area, may be appropriate in the clinical setting. 
Usually the driveline is cut off before sending 
explanted hearts from heart transplant patients 
for histopathological examination.

At autopsy, on opening of the chest wall, the 
likelihood of encountering dense adhesions 
between the chest wall and anterior mediastinum 
increases with time after MCS implantation and 

a b

Fig. 25.3 (a) Eviscerated thoracic organs with the drive-
line extending distally from the closed pericardial sac. (b) 
Anterior view into the opened pericardial sac. The epicar-

dial surface of both heart chambers is exposed; the course 
of the outflow cannula along the lateral right ventricular 
wall is seen. LV left ventricle, RV right ventricle
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each episode of thoracic infection. These often 
cannot be separated by blunt dissection. As in the 
presence of mammary artery bypass grafts, the 
anterior rib cage and sternum should be lifted 
carefully and separated from the adhesions with 
short-length cuts along the internal surface of the 
sternum and ribs in order to avoid cutting through 
the outflow cannula of the LVAD. This is usually 
positioned on the anterior epicardial surface of 
the right ventricle, anterior to the level of the left 
ventricle (Fig. 25.3b). The driveline cable should 
be pulled in its entirety through the skin into the 
chest cavity and then checked for macroscopi-
cally visible defects. The pericardial sac may be 
adherent to much of the epicardial surface of the 
heart, obliterating the pericardial cavity. However, 
the two layers of pericardium may be separated, 
beginning with a small cut into the pericardial sac 
posteriorly, where the adhesions are not as pro-
nounced as on the anterior surface. From there, 
the adhesions can be loosened manually, working 
forward from the posterior surface.

When the thoracic cavity and the pericardial 
sac lie open (see Fig. 25.3b), the presence and 
quantity of liquid and/or clotted blood should be 
recorded. There is a risk of oozing of blood due 
to obligatory anticoagulation treatment, espe-
cially from the great arteries at the site of anasto-
moses with the graft.

The different components of each MCS system, 
their location, and their correlation to the anatomic 
structures should be recorded. The outflow cannula 
should be evaluated with regard to length, signs of 
tension, and kinking. Photographic documentation 
of the site before and after removal of the MCS 
may be useful to illustrate the position of each 
component and any complications encountered.

If blood cultures are required for microbio-
logical examination, samples should be submit-
ted from the right ventricle or inferior vena cava.

25.4  Removal and Examination 
of the Heart and MCS Device

The heart can then be lifted from the pericardial 
sac and separated from all its vascular connec-
tions, well above the anastomoses between the 

MCS outflow graft component and the great 
arteries and at least 2 cm above the annuli of the 
atrioventricular valves (Fig. 25.4a, view from 
posterior) or, if possible, at the level of the vena 
cava and pulmonary veins. The pathologist 
should be aware that the anastomoses of the out-
flow cannula may be located in the descending 
aorta. Adhesions between outflow cannula and 
epicardial surface, which are present from a few 
weeks after implantation, should, whenever pos-
sible, be separated manually along the epicardial 
surface. The cardiac circumference is measured 
at the valvular level on the exposed epicardial 
surface. The coronary arteries can now be exam-
ined as appropriate. Preliminary assessment of 
the aortic valve with regard to the presence of 
commissural fusion and thrombosis can be made.

To open the heart, a single transverse section 
is made through the anterior and posterior ven-
tricular walls, parallel to the base of the heart, 
below the valvular apparatus of the mitral valve 
but above the apical cannula, tunneling between 
outflow cannula and epicardial surface 
(Fig. 25.4b). The proximal part of the apical can-
nula can be easily palpated from the pericardial 
surface, as the mechanically unloaded ventricle 
remains in diastole. The bisected heart exposes 
the apical cannula to view so its position in rela-
tion to the septum and inflow tract and its dis-
tance to the (mitral) valve leaflets can be assessed. 
The presence of antemortem thrombus, within 
and on the luminal surface, fibrous tissue, and, in 
rare cases, anatomic structures obstructing the 
lumen of the apical cannula, is recorded. The 
endocardial surface, mostly over the ventricular 
septum, is assessed for signs of suction from the 
device in cases of suboptimal positioning of the 
inflow cannula (Fig. 25.5). In addition, measure-
ments of the wall thickness of ventricles and 
interventricular septum and left ventricular diam-
eter can be taken. The top half of the heart is now 
further opened from the atria along the inflow 
tracts at the lateral wall of the ventricles through 
the mitral and tricuspid valves and then along the 
outflow tracts parallel and in proximity to the 
interventricular septum through the pulmonary 
and aortic valves. The atrial appendages are 
opened and examined for the presence of thrombi.
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a b

Fig. 25.4 (a) View of the posterior surface after severing 
of the vascular connections. The LVAD, its connection with 
the left chamber, the outflow graft (arrow), and the drive-
line are evaluated. (b) Opened heart with a section across 

the short heart axis above the LVAD inflow cannula. The 
ventricular chambers and the tension apparatus of the mitral 
valve (MV) are exposed. LV left ventricle, LVAD left ven-
tricular assist devices, MV mitral valve, RV right ventricle

a b

Fig. 25.5 (a) Suboptimally positioned apical cannula of 
HeartWare device (asterisk), which is directed toward the 
posterior wall of the left ventricle, below the posterior 
mitral leaflet (PML). (b) There is a thrombus (arrowhead) 

between the apical cannula (asterisk) and the ventricular 
wall. Just above the opening of the apical cannula, there is 
hemorrhage of the thickened endocardium (encircled). 
PML posterior mitral leaflet, RV right ventricle
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The valves are now exposed. The commis-
sures of the aortic cusps are examined for 
thrombosis and presence and length of com-
missural fusion (Fig. 25.6). The mitral valve is 

assessed for thickening of leaflets as well as for 
shortening and fusion of the chordae tendin-
eae. The distance between the opening for the 
apical cannula and the free margin of the ante-
rior mitral valve leaflet is assessed. The cir-
cumference of each valve is measured. 
Endocardial thickening below the  valvular ring 
is regarded as a sign of valvular insufficiency. 
The suture ring at the site of anastomosis of the 
outflow cannula is carefully evaluated 
(Fig. 25.4a). The distance to the valve annulus 
is recorded.

In rare cases in which the patient had been 
weaned from the device, the tissue defect remain-
ing after removal of the apical cannula will have 
been closed with a plug (Fig. 25.7). The position 
of the plug and the degree of endothelialization 
should be assessed (Fig. 25.7).

The heart may now be weighed after removal 
of the different device components, if their 
weight has not been communicated by the cli-
nicians. Usually a technician from the MCS 
team is present at autopsy, to photograph the 
relevant macroscopic findings for documenta-
tion purposes. The motor component will be 
sent back to the manufacturer, who will exam-
ine the rotor for signs of malfunction or 
thrombus.

Further serial sectioning at 1–2 cm intervals 
along the short axis of the heart is advised in 

Fig. 25.6 Site of anastomosis of outflow graft with the 
aorta, above the aortic valve (AV). Note the commissural 
fusion involving the free margin of two cusps (arrow)

a b

Fig. 25.7 (a) Partially endothelialized plug in the former position of the inflow cannula of the LVAD (arrow). (b) Fully 
endothelialized plug in the former position of the inflow cannula of the LVAD (arrow). MV mitral valve
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order to examine the cut surface of myocardium 
for areas of scarring, hemorrhage, or infarction. 
Whenever possible, besides sampling the altered 
macroscopic areas, additional full thickness sam-
ples from the ventricular myocardial walls and 
the interventricular septum should be obtained 
for histopathological examination. The same can 
be done for the myocardial tissue around the api-
cal inflow cannula. The sinoatrial and atrioven-
tricular nodes should be examined in cases of 
arrhythmia of any kind. When vasculitis is sus-
pected, the aorta and pulmonary trunk should be 
investigated as should be the valves in cases of 
endocarditis or structural damage relating to 
MCS therapy.

The above described method of examination 
and dissection can also be applied mechanically 
unloaded hearts explanted at time of heart 
transplantation.

CAVE The diagnosis of decompensated heart 
failure as the immediate cause of death should 
be avoided for ventricles supported with MCS, 
as the heart chambers will have been mechani-
cally unloaded by the device. In exceptional 
cases of technical impairment or insufficient 
blood flow through the device, signs of failure 
of the VAD- supported ventricle, for instance, 
lung edema in acute left-sided heart decompen-
sation, may be encountered. Only in the pres-
ence of manifest severe findings that could only 
be explained by acute cardiac decompensation 
may signs of impaired ventricular function be 
attested. In the majority of cases, the pathologi-
cal findings in the rest of the autopsy support a 
diagnosis of multi- organ failure. On the other 
hand, diagnosis of acute failure of the contralat-
eral ventricle, as, for instance, acute right ven-
tricular decompensation in an LVAD patient, is 
regularly found.
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Key Points

• Be sure you know what you are looking 
for – familiarize yourself with the device 
type used.

• Identify all relevant device components 
before dissecting, and open the heart along 
the inflow and outflow tracts after section-
ing across both ventricles parallel to its 
base above the level of the apical cannula.

• Be aware of the main complications of 
MCS therapy, infection and bleeding, 
and document them as appropriate.

• To complete the pathology study, sam-
pling for histology should be as exten-
sive as possible.

• Avoid autopsy diagnosis of acute failure 
of the ventricle supported with the VAD.
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 Appendix

Worksheet: Endomyocardial biopsy

1. Pre-transplant for diagnosis

Specimen procurement 
and triage

Light microscopic examination:
  At least three, preferably four, endomyocardial fragments, each 1–2 mm3 in size, 

should immediately be fixed in 10% buffered formalin at room temperature.
  When there is a suspicion of myocardial lesions, possibly characterized by focal 

distribution, additional sampling is recommended.
Molecular tests or specific stains (when required):
  One or two specimens may be snap frozen in liquid nitrogen and stored at minus 

80°C.
  Fragments may also be stored in RNAlater at room temperature.
Ultrastructural tests (when required):
  One fragment fixed in 2.5% glutaraldehyde or Karnowsky solution.
A sample of peripheral blood (5–10 ml) in EDTA or citrate from patients with suspected 
myocarditis allows molecular testing for the same viral genomes sought in the 
myocardial tissue.
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Worksheet: Endomyocardial biopsy

1. Pre-transplant for diagnosis

Pathological analysis Light microscopic examination is routinely performed on formalin- fixed and paraffin-
embedded tissue using:
  Multiple, numbered haematoxylin-eosin section examination.
  Additional histochemical, histomorphological, histoenzymatic and 

immunohistochemical stains performed on paraffin- embedded fragments or on 
frozen sections.

Additional stains on formalin- fixed and paraffin-embedded sections (when required)
Histomorphological and histochemical stains:
  Masson or Mallory trichrome, Movat pentachrome and Weigert-Van Gieson for 

collagen and elastic fibres and small vessel evaluation.
  PAS with and without diastase for glycogen storage (better on frozen sections).
  Congo red for amyloid (modified sulfated alcian blue or thioflavin T may also be 

used although the first choice is Congo red).
  Perls’ iron stain.
Immunohistochemical stains:
  CD45, CD20, CD3, CD4, CD8, CD68/PGM1 for inflammatory and cellular infiltrate 

assessment (some centres also evaluate HLA-DR and HLA-ABC expression in 
suspected cases of myocardial inflammatory disease).

  Transthyretin, kappa and lambda chains, apolipoprotein and amyloid A component for 
amyloid typing.

  Dystrophin, lamin A/C, emerin, desmin, plakoglobin and N-cadherin for some 
genetic cardiomyopathies.

Additional stains on frozen sections:
  Sudan black, oil red and PAS with and without diastase for storage disease.
  Histoenzymatic stains (succinate dehydrogenase, SDH, and cytochrome oxidase, 

COX) for mitochondrial disease.
  Immunofluorescence stains.
Many immunostains listed above, including HLA-DR and HLA-ABC, amyloid 
subtypes and desmosomal proteins, may also be done on frozen tissue according to 
centre practice.
Molecular analysis (when required):
  Polymerase chain reaction (PCR), quantitative or qualitative, and reverse transcriptase-

PCR on the fragments frozen in liquid nitrogen or stored in RNAlater for viral 
detection in myocarditis.

  Protein sequencing and mass spectroscopy on formalin-fixed and paraffin-embedded 
fragments or fragments frozen in liquid nitrogen to subtype amyloid deposits.

Transmission electron microscopy examination (when required):
  Fragments fixed in glutaraldehyde or Karnowsky solution and embedded in resin.
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Worksheet: Endomyocardial biopsy

2. Post-transplant monitoring

Specimen 
procurement and 
triage

Light microscopic examination:
 At least three, preferably four, endomyocardial fragments, each 1–2 mm3 in size, should 
immediately be fixed in 10% buffered formalin at room temperature.
  Samples should be obtained from different ventricle sites and not divided once procured.
  One specimen should be snap frozen in liquid nitrogen in centres performing 

immunofluorescence for AMR.
  One more specimen may be snap frozen in liquid nitrogen and stored at minus 80°C or 

stored in RNAlater at room temperature for research.
Preparation
  Biopsies are usually rapidly processed using microwave oven or pressure cooker and then 

paraffin embedded.

Pathological 
analysis

Light microscopic examination is routinely performed on formalin-fixed and paraffin-
embedded tissue using:
  At least three slides at three levels through the tissue samples, each including a minimum of 

three sections, stained with haematoxylin-eosin with spare sections between levels kept for 
more detailed assessment as required.

  There is no common practice among various centres: most institutions evaluate from three 
to six haematoxylin-eosin slides at different levels of the paraffin block – optimally to a max 
of sixty sections; the number of sections on each slide may vary from three to eight.

Biopsy adequacy
  An adequate sample should contain at least 50% of myocardium free of previous biopsy 

sites, scar, adipose tissue and blood clots.

Pathological 
evaluation of 
acute cellular 
rejection (ACR)

ACR is usually assessed on haematoxylin-eosin stained sections: no routine special stains are 
required.

Pathological 
evaluation of 
antibody-
mediated 
rejection

Paraffin sections for immunoperoxidase:
  A minimum of two slides (for C4d and CD68) and more for further stainings according to 

centre routine.
Frozen sections for immunofluorescence:
  A minimum of two slides (for C4d and C3d) and more for further stainings according to 

centre routine.
  Some centres include anti-HLA-DR in the primary panel to identify capillaries.

Rare conditions Suspected myocarditis:
  Immunohistochemistry for Cytomegalovirus.
  Polymerase chain reaction for viral detection on paraffin-embedded sections or preferably 

on frozen sample if centre usually stores it.
Suspected Post-transplant lympho-proliferative disorders:
  Appropriate immunohistochemistry.
  In situ hybridization for Epstein Barr virus.
  Clonality studies and mutation analysis.
Suspected amyloid recurrence:
  Congo red stain.
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 Template for Acute Cellular Rejection 
(ACR) Pathology Report

The pathology report should include the features 
listed below, either tabulated or as a descriptive 
report, and a final diagnosis.

Description/Tabulated Features
• Number of samples specifying number of any 

inadequate
• Adipose tissue (if any)
• Pericardium (when present)
• Oedema (if any)
• Interstitial haemorrhage (if any)
• Previous biopsy sites – recent, intermediate, 

old (if any)
• Findings related to peritransplant injury (if any):

 – Type
 – Degree (mild, moderate, severe)
 – Distribution (focal, multifocal, diffuse)

• Thrombus (if any)
 – Recent/organising

• Fibrosis (if any):
 – Type: endocardial, perivascular/perimyo-

cyte interstitial, replacement
 – Degree (mild, moderate, severe)
 – Distribution (focal, multifocal, diffuse)

• Inflammatory infiltrates
 – Not present
 – Present
 – Site: perivascular interstitial, perimyocyte 

interstitial, subendocardial (extended or 
not to myocardium)

 – Type (lymphocytic or other)

 – Degree (mild, moderate, severe)
 – Distribution (focal, multifocal, diffuse)

• Myocyte damage (if any)
 – Type
 – Associated or not to inflammatory 

infiltrates
 – Degree (mild, moderate, severe)
 – Distribution (focal, multifocal, diffuse)

• Arteritis/arteriolitis (if any)
• Chronic microvasculopathy related to graft 

vasculopathy (if any)
 – Type (intimal, medial, mixed)
 – Severity in terms of stenosis (mild, moder-

ate, severe)

 Diagnosis
ACR Rejection Grade
• Grade 0R
• Grade 1R (can also specify if 1A, 1B or 2 by 

1990 grading scheme)
• Grade 2R/3A
• Grade 3R (can also specify 3B or 4 by 1990 

grading scheme)

In case of inadequate biopsy: No evidence of 
rejection in inadequate biopsy.

Should also be mentioned:
• Evolution in relation to previous biopsy
• Perioperative damage when significant
• Quilty lesions (optional)
• Degree of chronic microvasculopathy (when 

present)
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 Template for Antibody-Mediated 
Rejection (AMR) Pathology Report
The pathology report should include the histopa-
thology features related to microvascular inflam-
mation listed below, either tabulated or as a 
descriptive report, results of immunopathology 
findings and the final diagnosis.

 Histopathology
• Features absent
• Features present:

 – Swollen activated endothelial cells (endo-
thelial cells with prominent large nuclei 
and expanded cytoplasmic projections nar-
rowing or occluding the lumens)

 – Intravascular activated mononuclear cells 
(more than occasional focal aggregates or 
scattered isolated foci)

 – Interstitial oedema (found in AMR but 
may be a nonspecific finding)

 – Severe AMR features (haemorrhage, endo-
thelial cell pyknosis/karyorrhexis, capillary 
fragmentation, mixed inflammatory infil-
trates, extensive myocyte damage/necrosis)

Ischaemic injury area, healing biopsy site, 
Quilty lesions and myocardial scars must be 
excluded from evaluation.

 Immunopathology
Paraffin immunohistochemistry
C4d
• Negative staining: 0–10%
• Focal staining (10–50%) weak or strong
• Multifocal/diffuse staining (>50%), weak or 

strong.
The percentage refers to the surface of  evaluable 

myocardium. Positive C4d result:  multifocal/diffuse 
(>50%) weak or strong staining.

CD68 (intravascular macrophages)
• Negative staining: 0–10%
• Focal staining (10–50%)
• Multifocal/diffuse staining (>50%)

Positive CD68 result: focal (>10) or multifo-
cal/diffuse (>50%) intravascular macrophages

Secondary panel
List the antibodies used (for C3d use the same 
mask as C4d)

Frozen immunofluorescence
C4d
• Negative staining: 0–10%
• Focal staining (10–50%) weak or strong
• Multifocal/diffuse staining (>50%) weak or 

strong
The percentage refers to the surface of evalu-

able myocardium. Positive C4d result: multifo-
cal/diffuse (>50%) weak or strong staining.

C3d
• Negative staining: 0–10%
• Focal staining (10–50%) weak or strong
• Multifocal/diffuse staining (>50%) weak or 

strong
HLA- DR is used by some centres to identify 

capillary structures
The percentage refers to the surface of evalu-

able myocardium. Positive C4d result: multifo-
cal/diffuse (>50%) weak or strong staining.

Secondary panel
List the antibodies used and patterns observed

 Diagnosis and Grading
• pAMR 0: Negative for pathological AMR 

(Both histological and immunopathological 
findings negative)

• pAMR 1: Indicative of possible pathological 
AMR
 – pAMR 1 (H+): Histopathological AMR 

alone (histological findings present and 
immunopathological findings negative)

 – pAMR 1 (I+): Immunopathological AMR 
alone (histological findings negative and 
immunopathological findings positive) 
(CD68+ and/or C4d+)

• pAMR 2: Positive for pathological AMR (both 
histological and immunopathological findings 
present)

• pAMR 3: Severe pathological AMR
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Worksheet: Native hearts

Common to Each type

Appropriate photographic documentation of both the intact and the sectioned hearts should be made

Handling of the native heart Fresh heart
  Wash out to remove blood clots.
  Put crumpled paper towels or gauze soaked in formalin in ventricle cavities to 

allow fixation without distortion.
  Take small ventricle pieces to be frozen or be fixed in glutaraldehyde (for graft 

harvest, research and when appropriate for diagnosis).
  Put the heart in an appropriately sized container with sufficient 10% formalin to 

cover.
Formalin-fixed heart
When a distorted heart is received:
  Put crumpled paper towels soaked in formalin in ventricle cavities to allow 

fixation without further distortion.
  Make sure that container is appropriately sized with sufficient 10% formalin to 

cover.

Gross examination before 
sectioning the heart

Specify if formalin-fixed or unfixed heart.
Describe the completeness of the heart (pieces previously removed for research or 
one or more valves for use as homografts).
Detail any wires, catheters or devices present.
Weigh the heart.
Measure:
  Longitudinal length (distance from the crux cordis to the apex on the posterior 

aspect)
  Transverse breadth (distance from the obtuse to the acute margin along the 

posterior atrioventricular sulcus)
Describe general shape:
  Normal
  Globular
  Conical
  Altered volumetric ratio between the ventricles at external examination
  Possible aneurysms
Describe amount and distribution of epicardial fat.
Examine the atrial cuffs and atrial appendages for size, endocardial lesions and 
thrombi.
Examine atrioventricular valves from the atria and the semilunar valves from 
above and note any abnormalities.
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Worksheet: Native hearts

Sectioning, internal gross examination and sampling for histology according to disease groups

1. Ischaemic heart disease

Native coronary arteries   Check the number, position, size of coronary arteries and patency of the 
coronary ostia.

  Assess the size, course and dominance of the major coronary arteries.
  Make a series of transverse cuts at 3 mm intervals in the main epicardial 

branches (left anterior descending, left circumflex artery, diagonal and obtuse 
marginal branches, right coronary artery) and for each indicate atherosclerotic 
plaques and degree of stenosis.

  In the presence of severely calcified atherosclerotic lesions, dissect the segment 
and section it after decalcification.

  Sample representative specimens from stenotic segments of coronary arteries.

Coronary artery stents   Remove the stented vessel by cutting it proximally and distally to the device, 
fix it in formalin and then process appropriately alternatively.

  Cut across the stented vessel with sharp scissors to check patency.
  Sample representative specimens (when appropriate processing is available).

Coronary artery by-pass 
grafts

  Carefully dissect the coronary artery by-pass grafts (internal mammary arteries, 
saphenous veins, radial arteries, etc.) from the pericardial adhesions.

  Examine the removed specimen(s) with transverse cuts as for native vessel.
  Take representative specimens from the anastomotic area (one proximally, one 

at the anastomotic level and one distally).

Heart   Cut a transverse slice of the heart at mid-ventricular level and then parallel 
slices of the ventricles, working towards the apex at 1 cm intervals.

  Describe chamber sizes (normal, small, dilated).
  Document scars as subendocardial or transmural and describe their radial 

(anterior, lateral, posterior and septal) and longitudinal (base, mid-ventricle and 
apex) location.

  Measure thickness of free wall of both ventricles and the interventricular 
septum (parietal compact myocardium excluding trabeculae) at basal, medium 
and apical levels.

  Describe wall thinning and aneurysm formation (bulge at transmural scar) and 
any other alterations of myocardium.

Sampling for histology   A complete section of the heart at mid-ventricular level, including infarcted and 
non infarcted myocardium.

  One sample from the right ventricle, one from the left ventricle and one from 
the interventricular septum at both basal and apical segments.

Staining   Haematoxylin-eosin.
When warranted by Haematoxylin-eosin, stains for collagen and elastic fibres 
(Masson or Mallory trichrome, Movat pentachrome, Weigert-Van Gieson, etc.) 
and additional stains or immunohistochemistry.
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Worksheet: Native hearts

Sectioning, internal gross examination and sampling for histology according to disease groups

2. Myocardial disease

Sectioning Echocardiographic short axis cut (see Chap. 5, Fig. 5.11a, b).
  Make serial transverse sections (i.e. perpendicular to the long axis of the heart) from 

the apex to the mid-ventricular level or the base as far as the apex of papillary 
muscles at 1 cm intervals.

  Section the cardiac basal segment along its longitudinal axis (optional).
Echocardiographic four-chamber cut (see Chap. 5, Fig.  5.11c, d).
  Make an entire cut from the base to the apex along the acute and obtuse edges and 

the atrioventricular valves.

Gross examination   Describe chamber sizes (normal, small, dilated).
  Measure thickness of free wall of both ventricles and the interventricular septum 

(parietal compact myocardium excluding trabeculae) at basal, medium and apical 
levels.

  When walls differ significantly in thickness, detail points of difference for each.
  Detail gross appearance of myocardium: recent lesions, scars or fibrosis and fatty or 

fibro-fatty replacement, specifying their extent and site (transmural, subendocardial, 
mediomural, subepicardial) and location (anterior, lateral, posterior at basal, medium 
and apical levels).

Sampling for histology   A complete section of the heart at mid-ventricular level in the most altered area (see 
Chap. 5, Fig. 5.12).

  One sample from the right ventricle, one from the left ventricle and one from the 
interventricular septum at both basal and apical segments (the most altered areas).

Coronary arteries Although significant coronary atherosclerosis is not usually present in native hearts 
with cardiomyopathies, it is still good practice (especially in idiopathic dilated 
cardiomyopathy where an occult coronary artery disease might concur) to:
  Check the number, position and size of coronary arteries and patency of the coronary 

ostia.
  Assess the size, course and dominance of the major coronary arteries.
  Make a series of transverse cuts at 3 mm intervals in the proximal sites of the main 

epicardial branches (left anterior descending, left circumflex artery, diagonal and 
obtuse marginal branches, right coronary artery).

  Take representative/randomised specimens.

Staining   Haematoxylin-eosin.
When warranted by Haematoxylin-eosin, stains for collagen and elastic fibres (Masson 
or Mallory trichrome, Movat pentachrome, Weigert-Van Gieson, etc.) and additional 
stains or immunohistochemistry.
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Worksheet: Native hearts

Sectioning, internal gross examination and sampling for histology according to disease groups

3. Heart valve disease

Sectioning Echocardiographic short axis cut (see Chap. 5, Fig.  5.11a, b).
  Make serial transverse sections (i.e. perpendicular to the long axis of the heart) from 

the apex to the mid-ventricular level or the base as far as the apex of papillary muscles 
at 1 cm intervals.

Gross examination Prosthetic valves or annuloplasty rings and mitral-clip
  Evaluate in situ in order to recognise type and note any complication.
  When in atrioventricular position: examine both from the atrial view and, after 

sectioning, from the ventricular view.
  When in aortic position: examine from the aortic view and from the ventricular side by 

opening the outflow tract of the left ventricle basal segment along the anterior surface.
Heart
  Describe chamber sizes (normal, small, dilated).
  Measure thickness of free wall of both ventricles and the interventricular septum 

(parietal compact myocardium excluding trabeculae) at basal, medium and apical 
levels.

  When walls differ significantly in thickness, detail points of difference for each.
  Detail gross appearance of myocardium: recent lesions, scars or fibrosis and fatty or 

fibro-fatty replacement, specifying their extent (transmural, subendocardial, 
mediomural, subepicardial) and location (anterior, lateral, posterior at basal, medium 
and apical levels).

Sampling for histology   A complete section of the heart at mid-ventricular level in the most altered area (see 
Chap. 5, Fig.  5.12).

  One sample from the right ventricle, one from the left ventricle and one from the 
interventricular septum at both basal and apical segments (the most altered areas).

Staining   Haematoxylin-eosin.
When warranted by Haematoxylin-eosin, stains for collagen and elastic fibres (Masson 
or Mallory trichrome, Movat pentachrome, Weigert-Van Gieson, etc.), and additional 
stains or immunohistochemistry.
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Worksheet: Native hearts

Sectioning, internal gross examination and sampling for histology according to disease groups

4. Congenital heart disease

Non-operated congenital heart disease
Sectioning   Before dissection, check whether the heart is biventricular or univentricular: with 

univentricular physiology, it is essential to identify the rudimentary ventricle.
  Dissect the heart following blood flow (a transverse cut at mid-ventricle is not usually 

recommended).

Gross examination Use the sequential segmental approach whose main steps are:
  Definition of atrial situs.
  Morphologic identification of atria, ventricles and great arteries.
  Recognition of atrioventricular and ventriculo-arterial connections.

Sampling for histology Histology is not usually required in non-operated congenital heart disease except for 
specific cases or research.

Operated congenital heart disease
General 
recommendations

  Assess any devices and patches or biological grafts relating to previous surgical or 
interventional procedures.

  Check for any catheters within the cavities and any epicardial leads.
As the structure and morphology of the heart can be very altered, before sectioning it is 
advisable to have a clear idea of the primary disease and subsequent surgery, if possible 
with the surgeon or cardiologist present.

Sectioning The echocardiographic short axis cut with serial transverse sections, each of 1–2 cm, 
from the apex to the medium third of the heart is the most frequently used.

Coronary arteries In adult patients it is advisable to evaluate coronary arteries in order to identify 
atherosclerotic lesions superimposed on the congenital heart disease:
  Make a series of transverse cuts at 3 mm intervals in the main epicardial branches 

(left anterior descending, left circumflex artery, diagonal and obtuse marginal 
branches, right coronary artery), and for each indicate any atherosclerotic plaques 
and degree of stenosis.

Sampling for histology   A complete section of the heart at mid-ventricular level in the most altered area (see 
Chap. 5, Fig.  5.12).

  One sample from the right ventricle, one from the left ventricle and one from the 
interventricular septum from both basal and apical segments (the most altered areas)

  Samples from main coronary artery branches.

Staining   Haematoxylin-eosin.
When warranted by Haematoxylin-eosin, stains for collagen and elastic fibres (Masson 
or Mallory trichrome, Movat pentachrome, Weigert-Van Gieson, etc.) and additional 
stains or immunohistochemistry.
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Worksheet: Autopsy

Issues related to consent according to national legislation

Clinical information 
relevant to the 
postmortem

Mismatches
  Human leukocyte antigens (HLA).
  Infections (especially Cytomegalovirus, Toxoplasma).
Recipient data:
  Details of underlying disease and its treatment, pre-operative renal and hepatic 

function.
Donor and donor heart data:
  Sex, age, cause of death.
  Events preceding harvesting (e.g. inotropic drugs, arrhythmias, infections, duration 

of intubation).
  Preservation technique after harvesting (including if ex vivo circuit used for 

myocardial protection).
Transplant procedure:
  Date of transplant, type of transplant, details of surgical procedure (including assist 

device and removal details), total ischaemia time, total cardio-pulmonary by-pass time.
Post-transplant events
  Post-operative bleeding, renal and hepatic function, cerebro-vascular episodes.
  Drug therapy, right and left ventricular function including details of ventricular 

support, if needed.
  Rejection episodes/treatment.
  Complications (infection, malignancy, disease recurrence, allograft vasculopathy, 

etc.).
  Terminal event and mode of death.

Autopsy procedure
  It is usually a full autopsy including removal and examination of all/main internal organs and brain (this last 

especially in sudden death cases).
  Autopsy is performed according to standard autopsy protocols.
  Particular attention should be given in cases of mechanical circulatory support (see below).

Alternative autopsies (in 
limited cases, generally by 
specific request of family)

  Limited autopsies (ranging from exclusion of examination of the brain to removal, 
examination and sampling of the transplanted heart only).

  Minimally invasive autopsies (such as percutaneous needle biopsies of specific organs).

General 
recommendations

  Ample photographic documentation, including video.
  Check all scars, sutures, devices and drain sites.
  Be careful when removing the sternum because of possible adhesions of the heart 

after surgery.
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Focusing on the grafted 
heart

  Check the pericardium, which is usually left open, dissect it from the rest of the 
mediastinum, explore the pericardial cavity and note the volume and type of any fluid 
present.

  Check the great arteries and the transplant suture lines in the atria before transecting 
them above the suture lines.

  Open the right atrium from the inferior vena cava to the apex of the appendage.
  Open the left atrium between the pulmonary veins and then to the atrial appendage.
  Inspect the atrial cavities.
  Examine the mitral and tricuspid valves from above and check the integrity of the 

papillary muscles and chordae tendineae.
  Inspect the aorta, the pulmonary artery and the aortic and pulmonary valves from 

above.
Coronary arteries
  Check the number, position, size of coronary arteries and patency of the coronary 

ostia.
  Assess the size, course and dominance of the major coronary arteries.
  Make multiple transverse cuts at 3 mm intervals along the course of the main 

epicardial arteries and branches and check patency.
  Heavily calcified coronary arteries can sometimes be opened with sharp scissors. If 

this is not possible, they should be removed intact, decalcified and then opened 
transversely.

  Identify the presence of possible cardiac allograft vasculopathy, its type and the 
presence of any culprit lesions.

  Coronary artery segments containing a metallic stent should be referred intact to 
laboratories with facilities for resin or other embedding and cutting; otherwise it 
might be possible to open the stent transversely with scissors and to inspect its 
position and contents.

  Coronary artery by-pass grafts should be carefully examined using serial sections.
Heart
  Make a complete transverse (short axis) cut of the heart at the mid-ventricular level 

and then parallel slices of ventricles towards the apex.
  Dissect the basal half of the heart in the flow of blood and complete the examination.
  Describe chamber sizes (normal, small, dilated).
  Measure thickness of free wall of both ventricles and of the interventricular septum 

(parietal compact myocardium excluding trabeculae) at basal, medium and apical 
levels.

  Assess slices carefully and detail any myocardial recent lesions, scars or fibrosis 
specifying their extent and location.

Other organs All other organs should be carefully assessed bearing in mind:
  Cause of death is not necessarily related to transplantation and its pharmacological 

therapy.
  Timing of death post-transplant is an important guide to examining cause of death 

(see Table 24.4, Chap. 24).

Tissue sampling
Heart graft   Sample any altered myocardial areas.

  If no lesions are evident, sample a complete section of the heart at mid-ventricular 
level and other random samples from the right and left ventricle and the septum.

  Sample (if indicated) the sinus node and atrioventricular node of the conducting 
system as for the standard approach.

  Sample of the main epicardial coronary arteries widely according to lesions detected 
at macroscopic examination or randomly for evaluation of non macroscopically 
evident allograft vasculopathy.

  Sample any alterations/lesions in the presence of coronary artery stents or by-pass 
grafts.

  At least one sample from atrial suture line including both donor and recipient 
myocardium.

Stains
  Haematoxylin-eosin, connective tissue stain such as Elastic Van Gieson or Masson/

Mallory’s trichrome.
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Other organs All/main organs (lung, liver, kidney, pancreas, bowel, bone marrow, brain) should be 
sampled:
  According to macroscopic findings.
  Randomly if no macroscopic alterations evident.

Sampling for 
microbiology and 
molecular analysis

  Collect fresh tissue samples (heart, liver, spleen) and blood sample for DNA and 
RNA extraction.

  Spleen tissue could be used as substitute for blood samples, if these are unavailable.

Particular issues in patients with mechanical cardiac support (MCS)
Components of 
mechanical assist 
devices

The components of left ventricular assist devices (LVAD) usually encountered at 
autopsy are:
  The inflow cannula, inserted into the ventricular apex or into the left atrium and 

connected to the pump.
  The outflow cannula, extending from the apex to the ascending or descending aorta, 

where it is anastomosed above the valves.
  The driveline, an insulated electrical cable which exits the body from the device 

through an opening in the skin in the upper abdomen.
In patients with right ventricular assist device (RVAD) or biventricular systems 
(BVAD), the inflow cannula is implanted into the right ventricle or right atrium, and in 
most cases, the outflow cannula is connected to the pulmonary trunk.

Some general points   When removing the anterior rib cage and sternum, be careful with adhesions in order 
to avoid cutting through the outflow cannula of the LVAD, which is usually 
positioned on the anterior epicardial surface of the right ventricle.

MCS systems:
  Record component position and relation to the anatomic structures.
  Evaluate length, signs of tension and kinking of the outflow cannula.
  Pull the driveline cable entirely through the skin and check for macroscopic 

alterations.

Special points 
concerning the heart

  Lift the heart from the pericardial sac and separate it from its vascular connections, 
well above the anastomoses between the MCS outflow graft component and the great 
arteries and at least 2 cm above the annuli of the atrioventricular valves or, if 
possible, at the level of the vena cava and pulmonary veins.

  Open the heart with a single transverse section at mid-ventricular level below the 
mitral valvular apparatus but above the apical cannula, tunnelling between outflow 
cannula and epicardial surface.

  Cut further serial sections at 1–2 cm intervals along the short axis of the heart in 
order to examine the myocardium for any scarring, haemorrhage or infarction.

  Cut the top half of the heart following blood flow.
  Measure the wall thickness of ventricles and of interventricular septum and left 

ventricular diameter.
  Assess coronary arteries, as usual.
  Examine valve cusps for thrombosis and any other alteration.
Apical cannula:
  Examine position in relation to the septum and the inflow tract and distance from the 

free margin of the anterior mitral valve leaflet.
  Check any thrombus, fibrous tissue or anatomic structures obstructing lumen.
  Carefully evaluate the suture ring at the site of anastomosis.
Sampling for histology:
  Take samples from the altered macroscopic areas and whenever possible additional 

full thickness samples from the ventricles and interventricular septum.
  Sample myocardial tissue around the apical inflow cannula.
Stains
  Haematoxylin-eosin, connective tissue stain such as Elastic Van Gieson or Masson/

Mallory’s trichrome.
NB: This method of examination and sectioning of the heart can also be applied to 
native hearts with these devices still in situ.

Appendix



440

 Template for Autopsy Report
The pathology report should include a descriptive 
section and the final diagnosis.

Descriptive section should include:
• A sufficiently detailed clinical history
• Systematic description of the macroscopic 

findings
• Systematic description of the microscopic 

findings
• Description of any additional tests

Final diagnosis should include:
• Cause(s) of death
• Other pathologic findings in order of priority
• Epicrisis or clinico-pathological correlations 

and comments

Appendix



441© Springer International Publishing Switzerland 2016 
O. Leone et al. (eds.), The Pathology of Cardiac Transplantation, 
DOI 10.1007/978-3-319-46386-5

A
ABO-incompatible allografts (ABOi), 369
Activated mononuclear cells, 221, 234
Acute cardiac allograft rejection

biomarkers
BNP and NT Pro-BNP, 269
immunologic biomarkers, 269
serum troponin and high-sensitivity  

troponin, 269
breath testing, 268–269
diagnosis, 265
genomic markers

GEP, 270–272
GTD, 272–273

noninvasive approaches
CMR, 267–268
echocardiography, 266–267
nuclear imaging, 268
surface and intramyocardial  

electrocardiography, 266
noninvasive markers, validation of, 265–266

Acute cellular rejection (ACR), 159–161
and AMR, 234–236
autopsy, 406
biopsy and noninvasive markers, 7
biopsy sampling and assessment, 207–208, 213, 217
grading systems, 202–207
high power

inflammatory infiltrates, 211, 214
interstitium and microvessels, 211–212
myocyte injury, 211, 214, 216

histologic features
inflammatory encroachment, 201
interstitial haemorrhage, 202
myocardial inflammation, 200, 201
myocardial interstitial oedema, 202
myocyte injury, 200–202
nuclear pyknosis, 202
sarcoplasmic coagulation  

(hypereosinophilia), 202

immunosuppressants, 213
multifocal infiltrate, 217
pathological evaluation, 429
pathology report, template

description/tabulated features, 429–430
diagnosis, 430

peritransplant injury, 215
scanning/low-power magnification

biopsy adequacy, 209
biopsy site reaction, 210, 213
cellularity, 209–211
fat and thrombus, 210
fibrous scars, 210, 213
ischaemic injury, 210
myocytes and interstitium, 210, 212

Acute graft dysfunction, 159–161
Acute humoral rejection, 219
Acute renal injury, 355–356
Acute renal toxicity, 359–360
Acute tubular necrosis (ATN), 355
Advanced heart failure

aggressive surgical interventions, 18
cardiopulmonary exercise testing, 18
characteristics, 13, 14
clinical features, 13, 14
definition, 13, 14
electric therapy, 17
functional capacity, 18
mechanical circulatory support, 17–18
medical treatment

ACE inhibitors, 15
diuretics, 14
glycosides, 16
inotropic agents, 16
MRA, 15
neurohormonal blockage, 15
and strategies, 15

palliative treatment, 18
prognostic factors, 13, 14
treatment algorithm, 18, 19
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Aged Donor Heart Rescue by Stress Echo (Adonhers) 
project, 121

abnormal stress echocardiograph, 130
baseline echocardiography, 128–129
risk factors, 128
stress-echo alterations, 129, 131
stress echocardiography, 129, 132

AlloMap®, 270, 272
Amyloidosis, 382–383
Anderson–Fabry disease, 75, 106, 107
Anemia, 362
Angioimmunoblastic- like peripheral T-cell  

lymphoma- type PTLD, 339, 348
Angiotensin-converting enzyme (ACE)  

inhibitors, 15, 16, 181, 356
Antibody-dependent cell cytotoxicity (ADCC), 180
Antibody mediated rejection (AMR), 6–7, 159–161

antibody activity alteration drugs, 180
B-cell lines suppressing drugs, 180
C4d, 235–237
definitive diagnosis, 220
early- vs. late-onset, 238
histopathologic features

inflammation, 223–224
interstitial edema, 223, 224
intravascular activated mononuclear  

cells, 221–223
pAMR3, 224

immunopathology
anticomplement antibodies C1q/C3c, 231
anticomplement antibody C3d, 230
anticomplement antibody C4d, 226–228
fibrin, 230–231
HLA-DR, 230, 232
immunoglobulin antibodies, 231
macrophage antibody CD68, 228–230
screening strategies and technical  

aspects, 224–226
mechanical removal, 179–180
mixed cellular and, 234–236
mononuclear cells, 233–234
pathologic grading and reporting, 231–232
pathology report, template for

diagnosis and grading, 431
histopathology, 430
immunopathology, 430–431

pediatric from adult, 238–240
primary histopathologic findings, 220
treatment, C4d and C3d, 237–238

Anti-CD52 antibodies, 331
Anti-cytokine receptor antibodies, 177
Antihuman globulin (AHG) method, 189
Antiproliferative agents, 178
Antithymocyte globulin (ATG), 330–331
Arrhythmogenic cardiomyopathy (ACM), 53, 62–63
Arrhythmogenic right ventricular cardiomyopathy 

(ARVC), 53, 62–63
Artefacts, 261–262
Aspergillosis, 320
ATG. See Antithymocyte globulin (ATG)

ATN. See Acute tubular necrosis (ATN)
Autopsy

cause of death, 399, 400
clinical audit, 413–414
clinical governance, 394
clinicopathological correlation, 412–413
death causes, 394
early deaths

acute rejection, 406–407
allograft, disease recurrence, 407
GCM, 407
infections, 403
lymphocytic myocarditis, 407
mediastinum, 403–404
primary allograft, significant risk  

of, 404–405
sarcoidosis, 407

education and training, 394, 414
facilities, staffing, health and safety issues, 398
graft-related and systemic pathology, 410, 412
late deaths

CAV, 407–410
malignancy, 408–409
PTLD, 409–410, 412

mode of death, 399
patients with MCS, issues, 437
postoperative deaths

biatrial anastomosis, 401
complex CHD, 401, 402
contributing factors, 399–400
infections, 403, 404
marginal donor hearts, 401, 403
multiorgan failure, 403
perioperative myocardial injury, 401
right ventricular failure, 403
technical aspects, 400

procedure, 398, 435–436
public health monitoring, 396
report, template, 438
research and biobanking, 394, 396, 415
sampling, 436–437
survival rate, 393
types of, 396–397

Azathioprine (AZA), 178, 331–332

B
Basal cell carcinoma (BCC), 335
Becker’s muscular dystrophy, 71
Biatrial anastomosis, 401
Biopsy-negative rejection, 220
Biventricular ventricular assist devices (BVAD), 22

Berlin heart excor driver, 27, 28
continuous-flow implantable, 27–28
patient selection, 26
pulsatile extracorporeal, 27

Bone marrow transplant, heart, 381–382
Bortezomib, 180
Brain death, 281
Brain natriuretic peptide (BNP), 269
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C
Calcineurin inhibitors (CNI), 177–178, 358–359

acute renal toxicity, 359–360
chronic renal toxicity, 360, 361
immunosuppressive-sparing strategies, 362–363

Candidiasis, 319–320
Cardiac allograft vasculopathy (CAV)

chronic rejection, 280
coronary flow reserve

definition, 297
factors affecting, 297–300

development, risk factors, 280–281
endothelial function after heart transplant, 300
imaging

invasive techniques, 281–283
noninvasive imaging, 283–285

microvasculopathy, pathophysiology of
autonomic regulation, 296–297
coronary circulation, 295
coronary self-regulation, 296
humoral regulation, 297
main factors, 296

pathology
features of, 285
macrovasculopathy (see Macrovasculopathy)
microvasculopathy, 290, 292–293
myocardial lesions, 293–295
pathogenesis, 293

pediatric heart transplantation, 372, 374
recommendations, 285

Cardiac amyloidosis
hereditary transthyretin-related amyloidosis, 68
histology and immunohistochemistry,  

amyloid, 68, 70
interstitial amorphous deposits, 68, 70
myocardial interstitium, 68
patient morbidity and mortality, 67
primary immunoglobulin light chain  

amyloidosis, 68
protein metabolic disorder, 67
subendocardium, 69

Cardiac donation after circulatory death, 142–143
Cardiac magnetic resonance imaging  

(CMRI), 267–268, 396
Cardiac resynchronization therapy, 21
Cardiac specific donor criteria

absolute contraindications, 119
CAD, 119
electrocardiogram, 118
hypovolemic donors, 119
transthoracic/transesophageal echocardiography, 118

Cardiac Transplant Research Database (CRTD), 283
Cardiomyopathies (CMPs), 368

ACM, 53
actinic, 67
amyloidosis, 52, 53
ARVC, 53
chemotherapy, 67
clinical history and diagnosis, 53
DCM, 56–58

distrophinopathies, 53
dystrophinopathies, 52
eosinophilic endomyocardial disease, 53
eosinophilic granulomatosis, 53
etiology, 55
genetic and environmental factors, 52
giant cell myocarditis, 52
HCM, 53
heart sectioning, 54
histological examination sampling, 54
idiopathic RCM, 53
inflammatory CMPs, 63–67
laminopathies, 53
LVNC, 53
myocardial disorder, 53
myocarditis, 53
non-tropical eosinophilic endomyocardial  

fibrosis, 72
post-chemotherapy, 67
PP-CMP, 72–73
pre- and post-transplant diagnosis, 75
pre-transplant clinical diagnosis, 53
radiotherapy, 67
RCM, 53
rheumatic heart disease, 53
sarcoidosis, 53
staining, 54
storage disease, 53
systemic muscle disorders (see Inherited skeletal 

myopathies)
UC, 53

CARVs. See Community-acquired respiratory viruses 
(CARVs)

CAV. See Cardiac allograft vasculopathy (CAV)
Cellular-mediated rejection (CMR), 103–104, 172
Chagas disease, 323
CHD. See Congenital heart disease (CHD)
Chronic anemia, 358
Chronic graft dysfunction, 161–162
Chronic injury, 356
Chronic kidney disease

CNI, 358–359
acute renal toxicity, 359–360
chronic renal toxicity, 360, 361

renal impairment, pathogenesis of, 354–355
risk factors for

acute injury, 355–356
chronic anemia, 358
chronic injury, 356
hyperlipidemia and diabetes, 358
hypertension, 356–358
pre-existing renal failure, 355

treatments
dialysis and kidney transplantation, 363
diet, 363
immunosuppressive-sparing strategies, 362–363
management of, 362
risk factors, control and management, 362

Chronic rejection, 7
Classical Hodgkin lymphoma PTLD (CHL-PTLD), 334
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Classical Hodgkin lymphoma type, 261
Clinical audit, 413–414
Clinical indications, heart transplantation

MCS, 39
prognostic assessment, 34
recipient selection criteria

American vs. European guidelines, 36
cardiomyopathies, 34–35
diagnosis, recipient age group, 35
dilated hypokinetic phenotype, 36
ischemic heart disease, 34–35

risk factors
aging, 38
alcohol/recreational substance abuse, 38
comorbidities, 39
contraindications, 39
diabetes, 38
malignancies and infections, 38–39
obesity, 38
of poor survival, 37–38
post-transplant survival reduction, 37–38
psychosocial evaluation, 39
pulmonary hypertension, 37
renal dysfunction, 38
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