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Abstract

Background: Chronic rejection (CR) also called cardiac allograft vasculopathy (CAV) is, besides infections and malignant tumors, the
leading cause of death during the late period of post-heart transplant. Patients and Methods: In this paper, we present a series of seven
cases with chronic post-transplant cardiac rejection in the light of our experience related to histopathological aspects, difficulties in
diagnosing and survival time. Results: Our study comprises patients whose ages ranked at the time of transplant between 33 and 58
years, with a mean age of 47.71 years, the ratio between men and women being 6:1. Chronic rejection – cardiac allograft vasculopathy
occurred in all seven patients comprised in this study, the earliest in the second year post-transplant (three patients), followed by the third
year (one patient), the seventh and eighth year (one patient) and the latest survival period being over 11 years (one patient). Four out of
the seven patients with chronic rejection events were preceded by episodes of acute cellular rejection. The most convincing indirect
evidence of chronic rejection in endomyocardial biopsies were: ischemic events of the myocardiocytes and impaired microvascular network
because of perivascular and interstitial fibrosis. Conclusions: Our study shows that the most important morphological factors correlated
with the manifestation of chronic rejection were the episodes of acute cellular rejection or perivascular and interstitial fibrosis, these injuries
also being indirect signs mainly detectable at the level of endomyocardial biopsies.
Keywords: cardiac allograft arteriopathy, chronic rejection, heart transplant.

 Introduction
Chronic rejection, also called cardiac allograft
vasculopathy (CAV) – is, besides infections and
malignant tumors, the main cause of death during
the late period of post-heart transplant (one year
subsequently to the intervention) [1]. Its manifestation
means irreversible loss of heart function, the only
treatment that can save the patient being the replication
of heart transplantation. At the level of endomyocardial
biopsies a series of suggestive alterations are registered,
although these are not relevant for chronic rejection,
especially at the level of intramyocardial small vessels,
but the correct diagnosis is established only through the
analysis of large epicardial coronary arteries in the
explanted heart or postmortem at necropsies [2, 3].
In this paper, we present a series of seven cases with
chronic post-transplant cardiac rejection in the light of
our experience related to histopathological aspects,
difficulties in diagnosing and survival time. In Romania,
this is the first study of this kind, which explores the
survival issues of post-transplant patients with chronic
cardiac rejection in correlation with histopathological
lesions (0 PubMed citations).
Our study examines two groups of patients with
cardiac transplantation from two centers: the Institute
of Cardio-Vascular Diseases and Transplantation,
Târgu Mureş, Romania and Cardio-Vascular Surgery

and Transplantation, Semmelweis University, Budapest,
Hungary. The first group from Târgu Mureş comprises
23 cases between 1999 and 2007, the second group from
Budapest includes 104 cases starting from 1992 until
2007, a total of 127 patients in the two study groups.
Chronic rejection was diagnosed in two patients from
the first group and five from the second group.
All patients were monitored from the clinical,
laboratory and histopathological point of view during
the entire survival period, while we performed between
5–20 endomyocardial biopsies for each patient,
depending on the survival period and emerged
complications. In case of death anatomic-clinical
necropsy was performed. Tissue fragments were
processed with standard histological methods: fixation
in formalin, inclusion in paraffin, sectioning, staining
with Hematoxylin–Eosin (HE) and special staining –
van Gieson’s method and Masson’s trichrome (for
collagen fibers) and Orcein staining (for elastic fibers).
The grading of acute cellular rejection was
performed subsequent to the new ISHLT Classification
of 2004 (The International Society for Heart and Lung
Transplantation) [4].
The histological lesions analyzed in the framework
of our study were indirect signs of chronic rejection
at the level of endomyocardial biopsies: myocytic
condition in the context of ischemic damage, perivascular and interstitial fibrosis and the occurrence of
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acute cellular rejection. In the large epicardial coronary
arteries, we followed the appearance of foam arteritis as
a direct sign of chronic rejection, lesions detected postmortem at necropsy.
 Patients, Methods and Results
Out of the 127 heart transplant patients comprised in
our study, 72 (56.69%) survived at least one year (until
the late period). The highest survival period in the Târgu
Mureş group was over 11 years and in the Budapest
group over 16 years. Out of the 72 patients who survived
until the late period, seven (9.72%) developed the
phenomenon of chronic rejection, that is 5.51% out of
the total 127 patients included in the study. The evolution
of the seven patients is briefly described below. Heart
transplantation for these seven patients was indicated
because of dilated cardiomyopathy.
Case No. 1
Male patient, 54-year-old at the time of heart
transplantation, with 20 endomyocardial biopsies, who
and presented in the middle period (one month –
one year) two episodes of acute cell rejection (ACR)
grade II (moderate), according to the ISHLT 2004
Classification, in the 3rd and 4th month post-transplant.
Subsequently the patient presented a good evolution and
had an excellent quality of life. In the 11th year
after transplantation the patient showed a progressive
decompensation of the cardiac function which was
detected due to chronic rejection (CR–CAV).
Case No. 2
Male patient, 58-year-old at the time of heart
transplantation, with five endomyocardial biopsies, who
presented an episode of ACR grade I (mild) in the 2nd
month after the transplant and in the 2nd year after the
transplant he developed chronic rejection (CR–CAV)
which resulted in the patient’s death.
Case No. 3
Female patient, 58-year-old at the time of heart
transplantation, with 15 endomyocardial biopsies and
who presented several episodes of ACR in the middle
and late period: one episode of grade I (mild rejection)

in the 11th month and infection with cytomegalovirus
(CMV), and then three episodes of ACR – one in the
first year, grade I (mild rejection) and two episodes
grade II (moderate rejection), in the 5th year after
transplantation. In the 7th year of survival, the patient
developed CR–CAV, with severe decompensation of
the cardiac function. The patient was performed a
successful retransplantion (RE–HTx). Presently, the
patient’s quality of life is close to normal.
Case No. 4
Male patient, 41-year-old at the time of heart
transplantation, with seven endomyocardial biopsies,
had no history of rejection after transplantation, dies in
the 8th year because of CR–CAV.
Case No. 5
Male patient, 53-year-old at the time of heart
transplantation, with six endomyocardial biopsies. In the
2nd year after the heart transplant, the patient presented
an invasive epidermoid carcinoma of the lower lip and
gradual decompensation in the cardiac function. Death
occurred on the background of CR–CAV during the
2nd year of survival.
Case No. 6
Male patient, 33-year-old at the time of heart
transplantation, with six endomyocardial biopsies, and
who presented several episodes of ACR starting from
the early and middle period: in the 10th day grade III
(sever rejection), 17th day grade I (mild rejection), 27th
day grade I (mild rejection) and the 7th month grade I
(mild rejection). In the 2nd year after the heart transplant
presented ACR grade II (moderate rejection) associated
with CR–CAV and died because of immunology
problems.
Case No. 7
Male patient, 44-year-old at the time of heart
transplant, with nine endomyocardial biopsies, had
no history of rejection after transplantation, developed
CR–CAV in the 3rd year after transplantation, which
was followed by his death.
Table 1 presents the synthesis of results.

Table 1 – The synthesis of results
Gender/Age
HTx
Rejection in the
[years]
indication
first year
1.
Male/54
DCM
2e ACR–II M3, II M4

No.

2.

Male/58

DCM

3.

Female/51

DCM

4.

Male/41

DCM

5.

Male/53

DCM

6.

Male/33

DCM

7.

Male/44

DCM

1e ACR–I M2
1e ACR–I M11 +
infection CMV
–
–
3e ACR–III D10,
I D 17, I D27 and
1e ACR–I M7
–

Rejection after the
first year
CR–CAV

Survival
[years]
11

CR–CAV
3e ACR–I Y1, 2 II Y5
CR–CAV
CR–CAV
CR–CAV + epidermoid
carcinoma lower lip

2

CR–CAV

7

–

8

CR–CAV

2

CR–CAV

1e ACR–II Y2
CR–CAV

2

CR–CAV associated
with ACR–II

CR–CAV

3

CR–CAV

Cause of death

Observations

CR–CAV
RE–HTx in Y7
Survival in present

e – episode of rejection, ACR – acute cellular rejection, grade I (mild), II (moderate) and III (severe), according to ISHLT 2004; CR – chronic
rejection; CAV – cardiac allograft vasculopathy; DCM – Dilatative cardiomyopathy; D – day; M – month; Y – year; RE–HTx –
retransplantation; CMV – Cytomegalovirus.
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Our study includes patients whose ages ranked at the
time of transplant between 33 and 58 years, with a mean
age of 47.71 years, the ratio between men and women
being 6:1. Chronic rejection – cardiac allograft
vasculopathy (CR–CAV) – occurred in all seven
patients comprised in this study, the earliest in the
2nd year post-transplant (three patients), followed by the
3rd year (one patient), the 7th and 8th year (one patient in
each year) and the latest survival period being over
11 years (one patient). All CR–CAV cases except one
led to the patients’ death. In one case, the patient
survived due to a cardiac replicated transplantation, with
a very good quality of life and survival.
Our results show that four out of the seven patients
with chronic rejection events were preceded by episodes
of acute cellular rejection. Thus, in three cases we
detected 1–4 episodes of ACR, of all grades – 1R (slight
rejection), 2R (moderate rejection) and 3R (severe
rejection) according to the ISHLT 2004 Classification
[4]. In one case, the patient presented numerous ACR
since the early period, then in middle and late period
ACR was associated with CR–CAV, death occurring in
the 2nd year after the heart transplant. In the case of
three patients, presenting CR–CAV death occurred
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without a history of rejection, with an apparently
healthy background. In the late period (after the first
year), CR–CAV appeared in our study with a variation
between 2 and 11 years (Figure 1).
The most convincing indirect evidence of chronic
rejection at the level of endomyocardial biopsies were:
ischemic events of the myocardiocytes (disappearance
of cross striations, hypereosinophilic sarcoplasm, loss of
nuclei) and impaired microvascular network (endothelial
cell ballooning, intima and media thickening, vasculitis,
perivascular and interstitial fibrosis with or without
vascular disease). These lesions were present in five of
the seven patients at the level of the last biopsy before
chronic rejection. Perivascular and interstitial fibrosis
was present in all seven patients included in our study
and which apparently is the most reliable indirect sign
of chronic rejection (Figure 2).
The postmortem analysis of large epicardial arteries
in the event of CAV revealed the classic appearance of
cell arteritis with foam cells, preserving the integrity of
the internal elastic membrane (IEM), which is the only
direct sign of chronic rejection providing diagnostic
certainty (Figures 3 and 4).

Figure 1 – Acute cellular rejection, grade 3R, (a) and (b). HE staining, ob. 10×.

Figure 2 – Interstitial and perivascular fibrosis, van Gieson staining (a) and Masson trichrome staining (b), ob. 4×.
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Figure 3 – Cardiac allograft vasculopathy (CAV) – foam cell arteritis, HE stain: (a) ob. 4× and (b) ob. 10×.

Figure 4 – Cardiac allograft vasculopathy (CAV) – foam cell arteritis. The integrity of the internal elastic membrane,
Orcein staining: (a) ob. 2× and (b) ob. 10×.

 Discussion
During heart post-transplant, there are three types of
rejections that can be developed and each of them may
lead to the patient’s death. Acute cellular rejection
mediated by T-lymphocytes, especially by cytotoxic
CD8 positive and CD68 positive macrophages, there
can be of three grades 1R – mild, 2R – moderate and
3R – severe, according to ISHLT 2004 and can occur at
any time after transplantation with maximum impact in
the first year [4]. Acute humoral rejection (AMR –
antibody-mediated rejection) is mediated by antibodies,
complement fractions (c1q, c1d, c4d) and macrophages
(CD68 positive), affecting small interstitial vessels and
myocardiocytes, being graded as AMR = 0 – without
humoral rejection and AMR = 1 – when humoral
rejection is present according to ISHLT 2004. This
phenomenon occurs more frequently in the first month
or first year. Chronic rejection, which manifested
as CAV initially, affects large branches of coronary
epicardial arteritis under the form of concentric foam
arteritis that advances slowly and progressively to small
intramyocardiac vessels. This complication is typical
to the late survival period, the first year after
transplantation, but it might appear even faster [5].

CAV is also known as accelerated atherosclerosis,
as the phenomena that occur are similar to those of
vessels called native in case of ordinary atherosclerosis,
but injuries install and “mature” faster, at present a
number of significant immunological differences being
recorded. The most important component of CAV is the
endothelial and myointimal cell proliferation, which
will ultimately lead to the concentric obstruction of the
arterial lumen [6, 7]. Lesions begin at the level of large
epicardial vessels and gradually extend to the level
of the penetrating branches and small intramyocardiac
branches: intramyocardiac arteries (20–50 µm diameter)
arterioles (10–20 µm diameter) and capillaries (<10 µm
diameter) [8, 9].
The incidence of post-HTx CAV remains significant.
According to ISHLT 2010, it is 8% in the first year,
20% within three years, 30% after five years and over
50% after 10 years. CAV is also a major risk factor
influencing survival, approximately 10% of the patients
die in less than 12 months after the diagnosis of CAV.
The risk of developing CAV is influenced by several
factors, among which the most important are: the
donor’s and recipient’s ages, the donor’s comorbidities
(history of diabetes, hypertension, obesity) and histocompatibility in the HLA system between donor and
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recipient. Male receptors present a greater risk in
developing CAV compared to females [10].
Assuming that there is no uniform system for
reporting and detecting CAV, in July 2010 ISHLT
published the first international consensus on a global
level in order to standardize the nomenclature and grade
CAV. Thus, the proposed nomenclature is CAV 0 –
absent or insignificant lesions, CAV 1 – mild, CAV 2 –
moderate and CAV 3 – severe. These lesions are
detectable post-transplant by the aid of coronary
angiography at the level of primary and secondary
coronary branches [11].
Further correlation between CAV and the feature of
endomyocardial biopsies is relative and has many
limitations [12]. CAV initially affects large epicardial
arteries, which cannot be examined intravitally only by
paraclinical examinations (angiography, intravascular
ultrasound) or post-mortem at necropsy. Then endomyocardial biopsies are performed from the right
ventricle or interventricular septum on the right, but
usually the left ventricular function is more affected.
Following this procedure small pieces of ventricular
myocardium and endocardium are obtained, which
contain only small vessels [13].
However, on the endomyocardial fragments there is
direct but nonspecific evidence, which would suggest
the occurrence of CAV: concentric thickening of the
intima with or without accumulation of foam cells, the
presence of T-lymphocytes in the subendocardial region
– endothelial and perivascular fibrosis. There are also
some indirect signs of ischemia, correlated or not with
CAV: myocytolysis, the phenomenon of microinfarction
with coagulation necrosis, lesions in course of healing
by fibrous replacement or perivascular and interstitial
fibrosis [14].
In our study the most common indirect signs or
lesions conducting to CR–CAV were ischemic lesions
at the level of the myocytes and the occurrence of
interstitial and perivascular fibrosis. Perivascular
fibrosis was described for all patients in the study based
on van Gieson’s staining method and Masson trichrome,
which proved to be the most faithful indirect indicator
for chronic rejection lesions.
The occurrence of acute cellular rejection episodes
was also a major risk factor for developing chronic
rejection, four out of seven patients in our study having
a history of acute rejection, and one of them died due to
the association of acute cellular rejection with chronic
rejection.
Data from the literature shows that patients who had
no acute rejection episodes during the first year
presented a better survival time (over 94% at three
years) than those who presented signs of acute rejection
(88% at three years). Patients who had one or more
episodes of acute rejection in the early years were at
increased risk of CAV [10, 15].
The study of endomyocardial biopsies demonstrates
the emergence of a stenotic microvasculopathy by
obliterative arterioles due to an average thickening or
reduction of the number of capillaries, which can lead to
the damage of the microcirculatory index and hence to
cardiac functional problems [16, 17].
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Among the occurrence of the chronic rejection
mechanisms within the domain of cardio-thoracic
transplant – CAV for the heart and obliterative
bronchiolitis in case of lung – the proliferation of
smooth muscle cells from the media is identified with
the consecutive thickening of the intima and the
proliferation of extracardiac circulating progenitor cells
at neointimal level [5, 18].
Other recently published studies attempt to propose
non-invasive methods for early detection or prevention
of CR-CAV post-HTx: multi-slice CT, MRI, IVUS or
apheresis [19, 20].
Another idea is that of a mathematical model for
CAV detection based on a score that quantifies the
presence of ACR, RAU, ischemia and fibrosis, trying to
establish a predictive method for detecting CAV [21].
 Conclusions
Our study shows that the most important parameters
producing the occurrence of chronic rejection were the
episodes of acute cellular rejection or perivascular and
interstitial fibrosis, these lesions also being indirect
signs mainly detectable at the level of endomyocardial
biopsies.
A morphological analysis of the coronary subendocardial branches is possible only post-mortem or
after heart explantation in case of replicated heart
transplant. At present, a number of non-invasive methods
for early detection of CAV and prevention of chronic
rejection are being experimented.
Chronic rejection usually occurring during late
survival remains a feared complication of cardiac posttransplant, the only viable treatment for the patient
being replicated heart transplant, which represents a
major risk factor for long-term survival after cardiac
post-transplant.
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