
Rom J Morphol Embryol 2011, 52(2):685–690 

 

CCAASSEE  RREEPPOORRTTSS  

Cardiac allograft vasculopathy in adult human  
recipients: a case series of seven patients  

and review of literature 
O. S. COTOI1), H. SUCIU2), ANCA SIN1), M. TURCU1), S. H. MORARIU1),  

Z. SZABOLCS4), SIMONA STOLNICU1) 

1)University of Medicine and Pharmacy of Targu Mures, Romania 
2)Institute of Cardio-Vascular Diseases and Transplant, Targu Mures, Romania 

3)Semmelweis University, Budapest, Hungary 

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, peri-
vascular 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 post-
mortem 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 

No. Gender/Age 
[years] 

HTx 
indication 

Rejection in the  
first year 

Rejection after the 
first year 

Survival 
[years] Cause of death Observations 

1. Male/54 DCM 2e ACR–II M3, II M4 CR–CAV 11 CR–CAV  
2. Male/58 DCM 1e ACR–I M2 CR–CAV 2 CR–CAV  

3. Female/51 DCM 1e ACR–I M11 + 
infection CMV 

3e ACR–I Y1, 2 II Y5 
CR–CAV 7 – RE–HTx in Y7 

Survival in present
4. Male/41 DCM – CR–CAV 8 CR–CAV  

5. Male/53 DCM – CR–CAV + epidermoid 
carcinoma lower lip 2 CR–CAV  

6. Male/33 DCM 
3e ACR–III D10,  
I D 17, I D27 and  

1e ACR–I M7 

1e ACR–II Y2 
CR–CAV 2 CR–CAV associated 

with ACR–II  

7. Male/44 DCM – CR–CAV 3 CR–CAV  

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 

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 histo-
compatibility 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 endo-
myocardial 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]. 

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 sub-
endocardial 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 post-
transplant, 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. 

Acknowledgements 
This paper is partly supported by the Sectoral 

Operational Programme Human Resources Development 
(SOP HRD), financed from the European Social Fund 
and by the Romanian Government under the contract 
number POSDRU 60782. 

References 
[1] Billingham ME, Graft coronary disease: the lesions and the 

patients, Transplant Proc, 1989, 21(4):3665–3666. 
[2] Houser S, Muniappan A, Allan J, Sachs D, Madsen J, 

Cardiac allograft vasculopathy: real or a normal morphologic 
variant?, J Heart Lung Transplant, 2007, 26(2):167–173. 

[3] Andersen OH, Heart allograft vascular disease: an 
obliterative vascular disease in transplanted hearts, 
Atherosclerosis, 1999, 142(2):243–263. 

[4] Stewart S, Winters GL, Fishbein MC, Tazelaar HD, 
Kobashigawa J, Abrams J, Andersen CB, Angelini A,  
Berry GJ, Burke MM, Demetris AJ, Hammond E, Itescu S, 
Marboe CC, McManus B, Reed EF, Reinsmoen NL, 
Rodriguez ER, Rose AG, Rose M, Suciu-Focia N, Zeevi A, 
Billingham ME, Revision of the 1990 working formulation for 
the standardization of nomenclature in the diagnosis of heart 
rejection, J Heart Lung Transplant, 2005, 24(11):1710–
1720. 

[5] Weiss MJ, Madsen JC, Rosengard BR, Allan JS, 
Mechanisms of chronic rejection in cardiothoracic 
transplantation, Front Biosci, 2008, 13:2980–2988. 



O. S. Cotoi et al. 

 

690 

[6] Osto E, Castellani C, Fadini GP, Baesso I, Gambino A, 
Agostini C, Avogaro A, Gerosa G, Thiene G, Iliceto S, 
Angelini A, Tona F, Impaired endothelial progenitor cell 
recruitment may contribute to heart transplant micro-
vasculopathy, J Heart Lung Transplant, 2011, 30(1):70–76. 

[7] Win TS, Pettigrew GJ, Humoral autoimmunity and transplant 
vasculopathy: when allo is not enough, Transplantation, 
2010, 90(2):113–120. 

[8] Nath DS, Basha HI, Mohanakumar T, Antihuman leukocyte 
antigen antibody-induced autoimmunity: role in chronic 
rejection, Curr Opin Organ Transplant, 2010, 15(1):16–20. 

[9] Seetharam A, Tiriveedhi V, Mohanakumar T, Alloimmunity 
and autoimmunity in chronic rejection, Curr Opin Organ 
Transplant, 2010, 15(4):531–536. 

[10] Stehlik J, Edwards LB, Kucheryavaya AY, Aurora P, 
Christie JD, Kirk R, Dobbels F, Rahmel AO, Hertz MI,  
The Registry of the International Society for Heart and  
Lung Transplantation: twenty-seventh official adult heart 
transplant report – 2010, J Heart Lung Transplant, 2010, 
29(10):1089–1103. 

[11] Mehra MR, Crespo-Leiro MG, Dipchand A, Ensminger SM, 
Hiemann NE, Kobashigawa JA, Madsen J, Parameshwar J, 
Starling RC, Uber PA, International Society for Heart and 
Lung Transplantation working formulation of a standardized 
nomenclature for cardiac allograft vasculopathy – 2010,  
J Heart Lung Transplant, 2010, 29(7):717–727. 

[12] Escaned J, Flores A, García-Pavía P, Segovia J,  
Jimenez J, Aragoncillo P, Salas C, Alfonso F, Hernández R, 
Angiolillo DJ, Jiménez-Quevedo P, Bañuelos C, Alonso-
Pulpón L, Macaya C, Assessment of microcirculatory 
remodeling with intracoronary flow velocity and pressure 
measurements: validation with endomyocardial sampling in 
cardiac allografts, Circulation, 2009, 120(16):1561–1568. 

[13] Hiemann NE, Wellnhofer E, Knosalla C, Lehmkuhl HB, 
Stein J, Hetzer R, Meyer R, Prognostic impact of micro-
vasculopathy on survival after heart transplantation: 
evidence from 9713 endomyocardial biopsies, Circulation, 
2007, 116(11):1274–1282. 

[14] Li XL, Ménoret S, Bezie S, Caron L, Chabannes D,  
Hill M, Halary F, Angin M, Heslan M, Usal C, Liang L, 
Guillonneau C, Le Mauff B, Cuturi MC, Josien R, Anegon I, 
Mechanism and localization of CD8 regulatory T cells in  
a heart transplant model of tolerance, J Immunol, 2010, 
185(2):823–833. 

[15] Mahesh B, Leong HS, McCormack A, Sarathchandra P, 
Holder A, Rose ML, Autoantibodies to vimentin cause 
accelerated rejection of cardiac allografts, Am J Pathol, 
2007, 170(4):1415–1427. 

[16] Goligorsky MS, Microvascular rarefaction: the decline and 
fall of blood vessels, Organogenesis, 2010, 6(1):1–10. 

[17] Arias LF, Fernández R, Fernández D, Jaramillo JC,  
Gil M, López García-Asenjo JA, C4D immunostaining in 
surveillance endomyocardial biopsies from well-functioning 
heart allografts, Transplant Proc, 2010, 42(5):1793–1796. 

[18] Zakliczynski M, Krynicka-Mazurek A, Konecka-Mrowka D, 
Nozynski J, Zegleń S, Przybylski R, Zembala M, 
Cytomegalovirus infection does not accelerate micro-
vasculopathy development in heart transplant recipients, 
Transplant Proc, 2009, 41(8):3219–3221. 

[19] Usta E, Burgstahler C, Aebert H, Schroeder S, Helber U, 
Kopp AF, Ziemer G, The challenge to detect heart transplant 
rejection and transplant vasculopathy non-invasively –  
a pilot study, J Cardiothorac Surg, 2009, 4:43. 

[20] Julius U, Tselmin S, Fischer S, Passauer J, Tsourdi E, 
Bornstein SR, Lipid apheresis after heart transplantation – 
the Dresden experience, Transplantationsmedizin, 2010, 
22:S.355–362. 

[21] Yamani MH, Tuzcu EM, Starling RC, Young JB, Cook DJ, 
Haji SA, Abdo A, Crowe T, Hobbs R, Rincon G, Bott-
Silverman C, McCarthy PM, Ratliff NB, Computerized 
scoring of histopathology for predicting coronary 
vasculopathy, validated by intravascular ultrasound, J Heart 
Lung Transplant, 2002, 21(8):850–859. 
 
 

 
 
 
 
 
 
Corresponding author 
Ovidiu Simion Cotoi, Department of Cell and Molecular Biology, University of Medicine and Pharmacy of Târgu 
Mureş, 38 Gheorghe Marinescu Street, 540000 Târgu Mureş, Romania; Phone +40265–215 551/183, e-mail: 
ovidiucotoi@yahoo.com 
 
 
 
 
 
 
Received: February 25th, 2011 

Accepted: May 19th, 2011 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


