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Abstract: Background: Heart transplantation (HTX) has become an established therapy for patients with end-stage 
heart failure. Endomyocardial biopsy (EMB) still represents the gold standard for routine surveillance of heart trans-
plant rejection. The objective of this article is to report our experience regarding the use of EMB in monitoring heart 
transplant recipients. Methods: We evaluated retrospectively all patients who underwent orthotopic HTX between 
2000 and 2011 at our hospital. From all patients, we created a follow-up, determined the number of EMB events 
and described the complications associated with this procedure. Results: HTX was performed in 142 cases at our 
center in the last 11 years (1.3% of the total of 10693 cardiac surgical operations in that period). Further 9 patients 
visited our department for monitoring after HTX performed at an external center (total: 151). For all patients, a total 
of 1896 EMB events have been recorded. The majority of biopsies were performed through the right internal jugular 
vein. The overall complication rate was 1% (n=19). Conclusions: The histological examination of right ventricular 
EMB still represents the gold standard of care for cardiac allograft rejection monitoring. EMB is an invasive, but safe 
and dedicated diagnostic procedure. However, the usefulness of recent non-invasive diagnostic approaches as an 
adjunct tool in monitoring for rejection remains to be further analyzed. 

Keywords: Endomyocardial biopsy, cardiac transplantation, allograft rejection, histopathological evaluation, im-
munosuppression

Introduction 

Heart transplantation (HTX) has become an 
established therapy in the treatment of termi-
nal heart failure [1, 2]. While the advances in 
immunosuppressive therapy has led to a con-
comitant decrease in cardiac allograft rejec-
tion, the risk of acute transplant failure as a 
consequence of allograft rejection still repre-
sents one of the major complications of HTX [3, 
4]. Thus close monitoring of heart transplant 
recipients to timely diagnose significant trans-
plant rejection in order to modify immunosup-
pressive therapy is a major challenge for cardi-
ologists and heart surgeons involved in the 
management of affected patients. 

The history of EMB dates back to the last cen-
tury, when Kent and Sutton first performed a 
transthoracic needle biopsy of the human ven-
tricular myocardium in 1956 [5] and Caves and 

colleagues [6] and Richardson [7] first success-
fully used a flexible bioptome for percutaneous 
access through the right internal jugular vein. 
Later, in 1984, Anderson and colleagues 
described the access through the right femoral 
vein and femoral artery for access to the right 
and left ventricle as an alternative vascular 
approach [8]. In the meantime, EMB became a 
widely used routine procedure for the diagnosis 
of unexplained ventricular dysfunction [9]. 
Currently, right ventricular endomyocardial 
biopsy (EMB) still represents the clinical gold 
standard for screening for graft rejection after 
HTX and is actually the only tool of diagnosis 
and classification of allograft rejection [10]. 

Diagnosis of cellular allograft rejection relies 
mainly on the presence of interstitial mononu-
clear (lymphoid) aggregates within myocardial 
tissue. The number and extent of cellular aggre-
gates and the presence or absence of myocar-
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dial damage (cell necrosis) defines the different 
degrees of cellular rejection on histopathologi-
cal evaluation of EMB [11]. A standardized 
grading system for histological assessment of 
cardiac allograft rejection on EMB has been 
published by the International Society for Heart 
and Lung Transplantation (ISHLT) in 1990 [12], 
and revised in 2005 [13]. 

In the present study we report our experience 
with EMB in patients who underwent cardiac 
transplantation between 2000 and 2011 at 
our heart center and describe the complica-
tions and limitations of this invasive procedure, 
analyze the clinic-pathological spectrum, and 
discuss future directions for detecting trans-
plant rejection. 

Patients and methods 

All patients who underwent an HTX from 2000 
to 2011 at the Center for Cardiac Surgery, 
University Hospital of Erlangen, Germany have 
been included in this retrospective analysis. 
These were 142 cases (1.3%) of all 10693 con-
secutive open heart procedures performed at 
our department in the same period (Figure 1). 
Additionally, we included 9 patients who under-
went HTX in other hospitals, but did their rou-
tine follow-up examinations at our department 
because of changing residence. 

From all these 151 patients, 1896 EMBs were 
obtained either as routine surveillance protocol 

biopsies or as a diagnostic 
tool for cases with allograft 
dysfunction and for clinically 
suspected rejection. The 
normal biopsy schedule 
was: weekly for the first 
month, every 2 weeks for 
the next month, once for the 
next 4 weeks, once for the 
next 6 weeks, then every 3 
months for the next two 
years, and afterwards every 
6 months for the next years. 

Biopsies were performed 
without further premedica-
tion. Usually, we used the 
right internal jugular vein 
approach. The vein puncture 
was performed under local 
anaesthesia (2% lidocaine) 

followed by insertion of a 7-French sheath in 
Seldinger technique. Under x-ray control, we 
used a special biopsy-forceps to harvest 2-6 
(usually 4) fragments of myocardial tissue from 
the apical segment of the right side of the inter-
ventricular septum (IVS). Harvested myocardial 
tissue pieces were then sent immediately for 
further histopathological evaluation in normal 
saline. 

All patients were continuously monitored via 
electrocardiogram during the EMB and got an 
intravenous antibiosis (1500 mg cefuroxim) 
after the procedure. On the Ward, a transtho-
racic echocardiogram (TTE), a 12-lead electro-
cardiogram (ECG) and a complete blood screen-
ing were performed after all EMB procedures. 
Additionally, all cardiac transplant recipients 
underwent right and left heart catheterization 
once every year after HTX. 

EMB specimens (usually 4 biopsy fragments) 
were processed at the same day using a fast 
embedding program to enable an initial result 
within 4-6 hours. For histological assessment, 
a total of six tissue sections from different cut-
ting levels were prepared from the paraffin 
block, mounted on glass slides and stained 
routinely with hematoxylin and eosin. 
Histological evaluation was then performed by 
two pathologists, of them at least one with suf-
ficient experience in cardiac allograft rejection 
assessment. The presence or absence of peri-
vascular or interstitial cellular aggregates and 

Figure 1. Cardiac Surgery at the University of Erlangen between 2000 and 
2011. CABG = Coronary Artery Bypass Grafting; VP = Valve Procedures; TAVI = 
Transcatheter Aortic Valve Implantation; AS = Aortic Surgery; VAD = Ventricular 
Assist Device; HTX = Heart Transplantation; AOCS = Any Other Cardiac Surgery.
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Figure 2. Distribution of 1896 biopsies scored by the International Society for 
heart and Lung Transplantation (ISHLT) guidelines [Billingham 1990], and re-
vised in 2005 [Stewart 2005]. Grade 0R = no rejection; grade 1R = mild; grade 
2R = moderate; grade 3R = severe rejection. 

evidence of myocyte damage were used for 
assigning a rejection grade according to both 
the old and the revised ISLHT classification. 
Cases with equivocal findings were then 
subjected to deeper cutting. No special stains 
were used routinely for detection of humoral 
rejection. However, biopsies were judged for 
the presence of histological findings suggestive 
of humoral rejection. C4d immunostaining was 
performed in patients with histological 
suspicion of humoral rejection and those with 
clinically suspected or previously proven 
humoral rejection. 

Standard initial post-HTX regimen of immuno-
suppression included cyclosporine A (CsA), aza-
thioprine and steroids. In 2002 this regimen 
was changed to CsA, mycophenolate mofetil 
(MMF) and steroids. If repeatedly severe 
allograft rejections appeared, CsA was substi-
tuted with tacrolimus. Mammalian target of 
rapamycin (mTOR) inhibitors (everolimus) were 
used since 2004, either as calcineurin inhibitor 
(CNI)-free immunosuppression or combined 
with CNI after progressive renal insufficiency or 
repeated allograft rejection. Concomitant oral 
prednisone was given 10 mg for the first three 
months, 7.5 mg for the next three months and 
5 mg lifelong. 

Results 

From the151 patients, there were altogether 
1896 EMB events. Routinely, the right internal 

jugular vein was the vascu-
lar access. Only in 7 from 
these 151 patients (4.6%) 
biopsies were performed 
through the left or right fem-
oral vein due to vascular 
stenosis of the jugular vein. 

The majority of our recov-
ered patients were men 
(n=125, 82.8%). The mean 
age of the 125 men at the 
time of transplantation was 
53.4 ± 9.9 years (range 
16.4 – 68.2 years). The 
mean age of the 26 females 
was 47.8 ± 17.3 years (range 
3.7 – 69.1 years). 

A total follow-up of 607.1 
patient years was created 

(mean 4.0 years). The follow-up varied from one 
day to approximately 11 years. The 30 day mor-
tality was 10.6% (16/151). The one year mortal-
ity was 26.5% (40/151).

Among the 1896 biopsies, 765 (40.3%) showed 
no evidence of cellular rejection (scored grade 
0R). Among the remainder, mild (grade 1R), 
moderate (grade 2R) and severe (grade 3R) 
rejection was seen in 856 (45.1%), 137 (7.2%) 
and 25 (1.3%) EMB according to the ISHLT 
guidelines [12] and [13]. Only in 53 cases 
(2.8%) EMB was anatomically or technically not 
possible, and in 60 cases (3.2%) the harvested 
EMB fragments contained no myocardial tissue 
(Figure 2). Thus taken together, moderate to 
severe cellular allograft rejection (grade 2R or 
3R) necessitating a cortisone treatment over 3 
days was seen in 8.5% (n=162) biopsies. 
Repeated moderate or severe allograft rejec-
tion required modification of immunosuppres-
sive therapy in 44 of the 151 cardiac transplant 
patients (29.1%). 

Accordant to our biopsy time schedule (see 
Patients and Methods) the majority of EMB 
were performed during the first month (Figure 
3). Interestingly, most grade 2R or 3R rejec-
tions occurred during the first 36 months 
(n=157, 96.9%). There were only 5 incidences 
of 2R/3R rejection after 36 months. We could 
not identify any clinical characteristics which 
could identify similar patients at risk for this. 
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The rate of serious acute complications and 
long-term sequelae was 1.0% (19 of 1896 
EMB) in our study. Twelve patients developed 
moderate or severe tricuspid regurgitation with 
increased pulmonary artery systolic pressure 
(Figure 4). Subsequently, six of these patients 
received mechanical or biological tricuspid 
valve prosthesis. In six other patients the rou-
tine transthoracic echocardiography showed 
pericardial effusions around the right and left 
ventricle with signs of tamponade. Afterwards, 
these patients underwent an inferior pericardi-
ocentesis on the same day. Another patient 
developed supraventricular tachycardia during 
the EMB, but remained asymptomatic with sta-
ble vital signs. We did not detect any case of 
death, hemothorax, permanent arrhythmias, 
embolic stroke or pulmonary embolism related 
to the EMB procedure. 

Histopathological features on EMB 

The histopathological features seen on EMB 
were not different from previous studies and 
representative examples of the different grades 
of cellular rejection are depicted in Figures 5 
and 6. Finding of Quilty effect was relatively 
common (28%) and most cases did not receive 
a subclassification into type A or type B Quilty 
effect (Figure 7). Some of these cases showed 

multiple Quilty lesions with 
focal evidence of isolated 
myocyte damage within the 
most superficial myocardi-
um and have not been con-
sidered as evidence of 
rejection (Figure 7). How-
ever, the precise classifica-
tion and clinical relevance 
of these findings remains 
controversial. 

Inconclusive biopsies 
showed usually fragments 
of fibrous and fatty tissue or 
fresh thrombotic material in 
patients with a most recent 
history of HTX (Figure 8). A 
few cases showed isolated 
but more diffuse aggre-
gates of lymphoid cells lim-
ited to a biopsy fragment 
and not reaching the periph-
ery of the biopsy tissue 
associated with evidence of 

Figure 3. Time schedule of 1896 performed biopsies scored by the ISHLT guide-
lines. Grade 0R = no rejection; grade 1R = mild; grade 2R = moderate; grade 
3R = severe rejection. 

myocyte damage. There seems to be an incon-
sistency and difficulty in judging such cases 
and their classification as either grade 2R if 
associated with additional foci of rejection or 
grade 3R if, though isolated, are judged as evi-
dence of diffuse rejection (Figure 8). Biopsies 
with findings suggestive of antibody-mediated 
rejection according to the ISHLT guidelines 
(endothelial swelling, intravascular accumula-
tion of macrophage, interstitial edema, hemor-
rhage and intravascular thrombi combined with 
variable degrees of myocardial injury and myo-
cyte necrosis) have been subjected to c4d 
immunostaining (Figure 9). These cases com-
monly showed mild interstitial edema. 

Discussion 

EMB is still the gold standard for routine sur-
veillance of cardiac allograft rejection. This 
article represents a large retrospective study 
over 11 years, in which 1896 right ventricle 
EMB were analyzed and their acute and long-
term complications were evaluated in heart 
transplant patients. In contrast to other institu-
tions, we preferably used the right internal jugu-
lar vein approach. 

In the present study, we observed a serious 
acute complication rate and long-term sequel-
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Figure 4. Transesophageal echocardiography: A: Transgastric view showed the right ventricle inflow tract with a 
disrupted chordae on the tricuspid valve. B: The Colour-Doppler sonography demonstrated a severe tricuspid regur-
gitation. 

Figure 5. A: EMB negative for cellular and humoral rejection (grade 0R) showing mild interstitial edema suggesting 
mild ischemic effect (note isolated inflammatory cells without forming aggregates). B: Grade 1R revealed compact 
interstitial mononuclear cell aggregate without evident myocyte damage. C: This case of 2R showed a focus of myo-
cyte damage (muscle fiber between arrows was infiltrated and damaged by mononuclear cells. D: This less compact 
inflammatory aggregate encased multiple degenerating cardiomyocytes (2R). 
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Figure 6. A: Severe rejection (3R) with one compact (left) and one diffuse infiltrate with extensive myocyte damage 
that superficially may mimic ischemic damage. B: higher magnification of A. 

Figure 7. Spectrum of Quilty and Quilty-like findings. A: Overview of this case showed multiple endocardial and 
subendocardial aggregates. B: Type A Quilty with the aggregate completely confined to the endocardial connective 
tissue and respecting the adjacent myocardium. C: This larger Quilty replaced the most superficial subendocardial 
myocardium but no evidence of unequivocal myocyte damage was seen (red line points to the probable original 
endocardium-myocardium-border). D: Another type B Quilty with clear-cut evidence of subendocardial myocyte dam-
age. Such cases are difficult to classify properly. 
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Figure 8. Examples of difficult-to-classify cases. A: This biopsy showed a small old scar associated with a mono-
nuclear aggregate without fiber damage (probably perioperative scar or ischemic damage). Presence of fibrofatty 
tissue suggests deep localization and an increased risk of perforation. B: Ischemic change from another case show-
ing interstitial scarring with scattered mononuclear inflammatory cells. C: Another case with scarring with minute 
mononuclear aggregates and evidence of active myocyte damage. Although it looks ischemic, such findings are 
highly suspicious of cellular rejection and should be classified as such. D: Another biopsy with loose mononuclear 
aggregates encasing some myocytes and associated with prominent fibrosis. Although this finding might be sugges-
tive of post-ischemic change or site of previous biopsy, it cannot be definitely distinguished from cellular rejection 
and should therefore be classified as evidence of cellular rejection. 

Figure 9. A: On HE-stained section, humoral rejection showed edematous change and signs of endothelial damage 
in small capillaries highlighted by nuclear enlargement and hyperchromasia, note absence of cellular rejection. B: 
Strong C4d immunostaining in endothelial cells. 
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ae of 1%. Therefore, our series is consistent 
with previously published series that the overall 
complication rate varies between 0.2% and 
5.5% [14-17]. 

One major complication among our patients 
was moderate or severe tricuspid regurgitation. 
The incidence of this complication is consistent 
with previously published series which showed 
a prevalence ranging from 3.2% to 25% [18, 
19]. In our study, 12 patients developed moder-
ate or severe tricuspid regurgitation and six of 
them received mechanical or biological tricus-
pid valve prosthesis afterwards. Notably, none 
of these patients died as a consequence of this 
tricuspid valve failure. Tricuspid regurgitation is 
a common problem after heart transplantation 
and its etiology is multifactorial, but a biopsy-
induced flail leaflet and a disrupted chordae are 
two of the most important mechanisms [18, 
20]. However, no previous study could find a 
significant correlation between accidental 
chordal tissue biopsy and the development of 
serious tricuspid regurgitation [14, 19]. 

Another serious complication associated with 
the EMB was the pericardial effusions due to 
iatrogenic cardiac perforation. In our series, 6 
patients developed signs of cardiac tamponade 
after EMB. Other study groups reported similar 
perforation rates (0.3%) during this invasive 
procedure [21, 22]. Although the incidence of 
pericardial tamponade is so low, we feel it is 
necessary to perform echocardiography after 
each biopsy. Because we did not perform echo-
cardiography immediately before EMB, it was 
impossible to evaluate the formation of small or 
large pericardial effusions as a direct conse-
quence of the biopsy procedure. After inferior 
pericardiocentesis on the same day as EMB, all 
of these 6 patients experienced total recovery. 
The rare demonstration of fibrofatty tissue 
should alert to the possibility of perforation risk 
following EBM and indicates necessity of close 
monitoring of such patients. Thus this rare find-
ing should be immediately reported to the clini-
cian after initial biopsy evaluation. However, 
fibrofatty tissue may on occasion be seen in the 
right ventricle and does not necessarily indi-
cate epicardial origin. Based on our experience 
with allograft rejection after HTX we developed 
the above mentioned biopsy schedule. 
Concerning the frequency and duration of rou-
tine EMB’s in clinically stable patients, the indi-

vidual adjustment of medication as well as con-
trolling via biopsies is particular notably. 

In our protocol, we preferably used the right 
jugular vein for vascular access. However, the 
pros and contras for either jugular or femoral 
approach remain controversial. The jugular vein 
access could be associated with a higher rate 
of complications, such as pneumothorax, 
hemothorax and carotid artery injury, whereas 
the femoral vein access is coherent with great-
er patient discomfort particularly during walk-
ing and requires the patient to remain in bed for 
a couple of hours post-procedure [9, 14]. In our 
survey, we had no case of pneumothorax, 
hemothorax, permanent arrhythmias, embolic 
stroke, pulmonary embolism or death related to 
the EMB. Furthermore, we saw no biopsy 
induced peri-procedural infection; neverthe-
less we recommend the use of antimicrobial 
prophylaxis. 

Another critical point is the pathological inter-
pretation of the EMB; it could be subjective in 
some borderline and challenging cases and 
can results in interobserver variability in grad-
ing. Although much effort have been made to 
improve the consistency, reliability and repro-
ducibility of histopathological evaluation of 
EMB, in our experience in routine practice, 
there still exist several issues that make EMB 
assessment in the practice not that easy and 
reproducible as the currently applied standard-
ized evaluation systems might imply. One con-
fusing issue is the so-called type B Quilty 
effects that is in our experience not uncom-
monly associated with evidence of superficial 
myocyte damage and would thus suggest the 
possibility of cellular rejection [23-25]. From a 
histological view point, classification of this 
finding as 0R seems contradictory as the same 
finding within the deeper myocardium would 
qualify as 1R or even 2R rejection based on the 
number and extent of infiltrates and myocyte 
damage. It would be of interest and potential 
clinical significant to compare cases with type 
B Quilty with myocardial damage associated 
with an additional focus of myocyte damage 
within deeper myocardium to cases with two or 
more classical foci of myocardial damage. 
Thus, more large studies are needed to evalu-
ate the clinical meaning of type B Quilty when 
associated with additional foci of rejection so 
that an alternative grading would result into a 
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grade 2R or even higher grade. Another critical 
issue concerns the definition of diffuse rejec-
tion in practical terms. In our experience, this 
represents one of the most confusing findings 
in EMB, not only for those pathologists with a 
limited experience in EMB evaluation but also 
for those with experience and interest in this 
topic. Thus, a small area with less compact cel-
lular infiltrate that intermingles between myo-
cyte might be defined by many pathologists as 
diffuse, but as a single non-diffuse focus by 
others based on the argument that this area 
represents only a small part of one of four EMB 
fragments. Furthermore, the presence of inter-
stitial infiltrates with accompanying fibrosis or 
old myocyte damage might be difficult or even 
impossible to reliably classify as prior biopsy 
site, previous ischemic damage with reactive 
inflammatory infiltrates or even a partially heal-
ing focus of cellular rejection with associated 
organization. 

Diagnosis of acute anti-body mediated rejec-
tion still represents a further controversial 
issue. The cause of difficulty in diagnosing 
humoral rejection relies in the fact that histo-
logical features of this serious complication are 
usually subtle or even almost absent. The pres-
ence of interstitial edema and evidence of 
endothelial cell damage or activation represent 
hint to this diagnosis and warrant immunohisto-
chemical staining for C4d and other related 
markers for detection of humoral rejection. 
Additionally, suggestions are made for the his-
tological diagnosis of acute antibody-mediated 
rejection using immunohistochemical staining 
against C4d and macrophages [26-29]. 

Nevertheless, despite its growing applicability 
and wide acceptance, EMB is an invasive and 
error-prone procedure and may be associated 
with both a risk of procedural complications 
and long-term sequelae, respectively [11, 14]. 
According to these limitations, there has been 
extensive effort to develop non-invasive moni-
toring techniques that might reduce the need 
for further EMB, with focus placed on monitor-
ing the recipient’s immune respond to detect 
the onset of rejection or nowadays, to develop 
an assay that directly interrogates the health of 
the donated heart [30-33]. Furthermore, vari-
ous imaging modalities, such as echocardiog-
raphy, computer tomography (CT), magnetic 
resonance imaging (MRI), and positron emis-

sion tomography (PET) offer great potential for 
non-invasive detection and evaluation of both 
acute and chronic allograft rejection after heart 
transplantation [34]. Intragraft gene expres-
sion profiling may be a future option to comple-
ment histopathological evaluation [35].

In conclusion, in the presented study we have 
reviewed the usefulness of EMB in monitoring 
heart transplant patients. EMB is an invasive, 
but safe procedure with rare serious complica-
tions. At this time, despite the search of new 
biomarkers and new non-invasive monitoring 
techniques, the histological examination of the 
EMB remains the gold standard for routine sur-
veillance of heart transplantation rejection. 
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