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9.1	 �Introduction

Endomyocardial biopsy (EMB) is a useful diagnostic tool for the investigation and 
treatment of myocardial diseases. The introduction of the transvascular endomyo-
cardial bioptome by Konno and Sakakibara in 1962 [1] has been an important 
breakthrough in the EMB and in the in vivo diagnosis of heart muscle diseases. 
EMB has spread in subsequent years due to the availability of new and better 
devices, to the improved skill of the operators and to the development of new and 
more sophisticated methods of diagnosis.

In the first years, opinions on the use and on the usefulness of EMB in myocardial 
diseases were conflicting. Ferrans and Roberts [2], as early as 1978, concluded that 
in patients with suspected dilated cardiomyopathy (DCM), the technique is “infor-
mative” but of limited “diagnostic value”. In spite of recurrent variations of opinions 
on the use and usefulness of EMB in myocardial diseases, its expansion gave the 
cardiologist the possibility of increasing the understanding about the histology of 
heart muscle disease, with an important role in the diagnosis of acute myocarditis.

The main use of EMB is the routine surveillance for rejection of a transplanted 
heart, but this scenario is outside the scope of this report.

9.2	 �Technique

Early EMBs were usually performed from the right ventricle (RV) and subsequently 
also from the left ventricle (LV). Although there are no clear recommendations, in 
our experience an approach based on the clinical question is preferred [3, 4], also 
considering the procedural feasibility in the individual patient (e.g. presence of left 
ventricular thrombosis, aortic valvular prosthesis or intra-aortic balloon pump).

In the largest head-to-head comparison study, complication rates for LV (0.33%) 
and RV (0.45%) EMB were comparable [5]. Actual techniques enable to perform 
multiple drawings of tissue samples from both ventricles with low incidence of pro-
cedural complications, but this is mostly dependent by the expertise of the operator.

Fluoroscopy is the most useful imaging modality and is often sufficient, but two-
dimensional and three-dimensional echocardiography are increasingly being used 
to accurately direct biopsy forceps and reduce the likelihood of perforation or recur-
rent biopsy of the same area [6].

For the RV EMB, the right internal jugular vein is the most common access route. 
Alternative approaches include femoral vein, using longer bioptomes, and subcla-
vian and brachial veins. Once in the right atrium, anticlockwise rotation might be 
needed to traverse the tricuspid valve, and then clockwise rotation will bring the tip 
with the open jaws into contact with the ventricular septum, the preferred site for 
EMB because of safety problems (direction of rotation should be reversed if 
approaching from the femoral vein). Going on in the ventricular chamber with open 
jaws reduces the perforation risk because it uses a greater contact surface. 
Confirmation of positioning on the septum can be made using contrast injection by 
the long sheath. Resistance can be appreciated by the operator and only gentle for-
ward pressure is required. Ventricular ectopy or non-sustained ventricular 
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tachycardia is common while the bioptome is in contact with the ventricular myocar-
dium. The forceps should be closed and pulled away from the heart carefully, at 
which point a small amount of tension might be felt as the sample is removed [6]. 
The LV can be reached in two ways, in a retrograde direction from the aorta or via 
trans-septal puncture (uncommon). Currently, the typical approach for EMB is still 
via the femoral artery, but transradial access is increasingly adopted, particularly in 
patients with a significant bleeding risk. General advice about steering the bioptome 
is as for the right ventricle. Crossing the aortic valve is performed in the routine way, 
using a pigtail catheter into the long sheath to enter the LV. A ventriculography in the 
left anterior oblique projection should allow positioning of the sheath in the midcav-
ity so that the bioptome forceps can open free of the ventricular wall. Before the 
procedure i.v. heparin is given to target an activated clotting time of 250–300 s to 
reduce the risk of embolism [6]. Technique for sampling the myocardium itself is as 
per RV EMB, with particular care to avoid damaging mitral valve apparatus. The 
sheath should be aspirated and flushed between each sample as the risk and conse-
quence of air or tissue embolism is ostensibly higher than in the RV [7]. The median 
number of bioptic samples per patient is 4 (minimum–maximum, 1–6).

False-negative results are possible, particularly with multifocal or microfocal local-
ized diseases (Table 9.1) [8]. Conflicting data exist regarding the benefit of cardiac 
magnetic resonance (CMR)-guided targeting of areas of late gadolinium enhancement 
[6]. An analysis of 540 patients undergoing CMR and EMB demonstrated no addi-
tional diagnostic yield when targeting areas of late gadolinium enhancement [3, 7].

Table 9.1  Indications and pitfalls of endomyocardial biopsy

Indications for endomyocardial biopsy
Pitfalls of endomyocardial 
biopsy

• �Suspected myocarditis in patients with high-risk syndromes 
(cardiogenic shock, refractory heart failure or left ventricular 
dysfunction with LVEF <40% despite conventional therapy, 
persistent life-threatening ventricular arrhythmias)

• Suspected giant cell myocarditis or eosinophilic myocarditis
• Suspected cardiac sarcoidosisa

• Suspected end-stage HCM
• Suspected infiltrative cardiomyopathyb

• �Out-of-hospital cardiac arrest without significant coronary 
artery disease

• Monitoring cardiac transplant rejection status
• Histological diagnosis of cardiac tumorsc

Diagnostic accuracy of 
EMB depends on:
• �Expertise of operator who 

performs the procedure
• �Timing of the procedure 

related to beginning of 
patient symptoms

• �Biopsy site (RV or LV)
• �Number of bioptic 

samples
• �Expertise of pathologist 

who analyses the samples
• Patchy diseases

aIn cardiac sarcoidosis (CS), the EMB has low sensitivity due to the focal nature of the disease, 
revealing non-caseating granulomas in less than 25% of patients with CS [30]
bIn cardiac amyloidosis, the role of EMB has been resized by the recent implementation of non-
invasive diagnostic technique as CMR, positron emission tomography (PET) and single-photon 
emission computed tomography (SPECT)
cFollowing characterization of a cardiac tumour, our multidisciplinary care team, which include 
cardiologists, radiologists, oncologists and cardiac surgeons, sit down together to develop an indi-
vidualized treatment plan in order to achieve the optimal outcome. In general, patients with a pri-
mary cardiac tumour require surgical resection
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9.3	 �Complications

EMB is invariably characterized by a mild, but not negligible, rate of major compli-
cations (around 1%) even when performed by experienced operators [3, 5, 9]. 
Complications include vasovagal syncope, vascular damage, pneumothorax, supra-
ventricular and ventricular arrhythmias, heart block, damage to the tricuspid valve, 
ventricular perforation, pericardial tamponade, coronary-cameral fistula formation, 
bleeding complications and pulmonary and systemic embolism [6]. The risks of 
EMB likely vary with the experience of the operator, clinical status of the patient, 
presence or absence of left bundle branch block, access site and possibly bioptome. 
An echocardiographic control and a low dose of heparin are useful to minimize the 
risk of systemic embolism during LV EMB [10].

The death associated with EMB is possible and can be the result of perforation 
with pericardial tamponade [11]. Patients with increased right ventricular systolic 
pressures, bleeding diathesis, recent receipt of heparin or right ventricular enlarge-
ment seem to be at higher risk in case of RV EMB.

9.4	 �Indications in DCM Scenarios

EMB is an invasive procedure, and for this reason it is fundamental a correct 
selection of patients to undergo this diagnostic technique. In addition to some 
particular clinical contexts as after heart transplantation or suspected infiltrative 
disorders with heart failure presentation such as amyloidosis, the most frequent 
indication to EMB is suspected acute myocarditis in patients with “major” symp-
toms (DCM with mildly dilated left ventricle, recent-onset heart failure with rel-
evant left ventricular dysfunction, sustained ventricular arrhythmias) [Fig. 9.1; 
Case I–IV; Figs. 9.2, 9.3, 9.4 and 9.5] [4].

Myocarditis is an inflammatory process affecting the myocardium that can be 
caused by infectious agents like virus, bacteria, rickettsia, protozoa and fungi but 
can be caused also by other agents like toxins, medications and autoimmune phe-
nomena. It is characterized by extreme variability in clinical presentation and ensu-
ing evolution, including a presentation as DCM with severe systolic dysfunction. 
This variability necessitates patient-tailored diagnostic and therapeutic manage-
ment in which the advanced and often costly testing and treatments are reserved for 
those with the most severe and threatening clinical presentation.

Histopathologic analysis of myocardial tissue samples collected with EMB is the 
only way to definitively diagnose myocarditis. International recommendations 
about EMB implementation in clinical practice are controversial. The American 
College of Cardiology/American Heart Association guidelines recommend EMB in 
patients with severe clinical presentation in terms of recent heart failure or life-
threatening arrhythmias [10, 12]. Conversely, the position statement on the diagno-
sis and management of myocarditis by the European Society of Cardiology Working 
Group on Myocardial and Pericardial Diseases expanded the spectrum of EMB 
indications, recommending this test for all cases of clinically suspected myocarditis 
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regardless of the pattern and severity of clinical presentation [13]. In clinical prac-
tice, the value of EMB becomes crucial in detecting the specific histotype of the 
myocarditis and assessing the immunologic and virologic status of the myocardium 
through immunohistochemical and biomolecular PCR (polymerase chain reaction) 
analyses.

Hence, EMB should be performed for the in-depth evaluation of suspected myo-
carditis with recent-onset high-risk major clinical syndromes (heart failure and/or 
life-threatening arrhythmias, in particular when associated with severe left ventricu-
lar dysfunction), not responding to standard optimized medical therapy in the short 
term (from hours to 2 weeks after admission, on the basis of clinical status severity) 
[10]. The in-depth characterization of the myocardial substrate can provide the 
guide for a biopsy-driven therapeutic plan [14, 15]. Conversely, the value of EMB 
is questionable in patients presenting with low-risk syndromes and responding to 
standard care [8]. Finally, in the setting of intermediate-risk syndromes (presence of 
structural or functional abnormalities, such as mild-to-moderate ventricular dys-
function, persistent wall motion or ECG abnormalities, late gadolinium enhance-
ment in the absence of severe left ventricular dysfunction and remodelling on 
cardiac magnetic resonance imaging or frequent non-sustained ventricular arrhyth-
mias), EMB should be considered on a case-by-case basis according to the clinical 
status of the patient, the presence of extensive structured myocardial involvement 
and when findings on cardiac magnetic resonance imaging cannot be considered 
conclusive [4]. In particular, EMB could be useful in diagnosing cardiac sarcoidosis 
or giant cell myocarditis allowing to plan an appropriate therapeutic management 
[3, 16]. In this setting, unexplained heart failure of >3 months’ duration associated 
with a dilated left ventricle and new ventricular arrhythmias, Mobitz type II second- 
or third-degree AV heart block, or failure to respond to usual care within 1–2 weeks 
can be the clinical presentation of cardiac sarcoidosis or idiopathic granulomatous 
myocarditis. EMB is reasonable in this clinical setting (class of recommendation 2a, 
level of evidence C) [10]. Interestingly, cardiac involvement is present in about 25% 
of patients with systemic sarcoidosis [17], but symptoms referable to cardiac sar-
coidosis occur in only 5% of sarcoid patients [18, 19], and up to 50% of patients 
with granulomatous inflammation in the heart have no evidence of extracardiac dis-
ease. Patients with cardiac sarcoidosis sometimes may be distinguished from those 
with DCM by a high rate of heart block (8–67%) [4].

Suspected eosinophilic myocarditis can be another setting in which EMB can 
help to define the specific diagnosis. Eosinophilic myocarditis is associated with the 
hypereosinophilic syndrome and it typically evolves over weeks to months. The 
presentation is usually biventricular heart failure, although arrhythmias may lead to 
sudden death. Usually hypereosinophilia precedes or coincides with the onset of 
cardiac symptoms, but the eosinophilia may be delayed [20]. Eosinophilic myocar-
ditis may also occur in the setting of hypersensitivity myocarditis (HSM), malig-
nancy or parasite infection and early in the course of endocardial fibrosis. Early 
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suspicion and recognition of HSM may lead to withdrawal of offending medications 
and administration of high dosage of corticosteroids. The hallmark histological 
findings of HSM include an interstitial infiltrate with prominent eosinophils with 
little myocyte necrosis; however, granulomatous myocarditis, or necrotizing eosin-
ophilic myocarditis, may also be a manifestation of drug hypersensitivity [21] and 
may be distinguished from common forms of HSM only by EMB.

Moreover, the degree of fibrosis seen on EMB can be correlated with a poorer 
prognosis in terms of major adverse cardiovascular events (defined as cardiovascu-
lar death, an arrhythmic event and heart failure-related hospital admission) [22].

In conclusion, while in the past EMB was used more extensively in DCM patients 
also only for the detection of a histological typical pattern like cell involutive aspects 
and fibrosis, without a direct gain in terms of therapy, now the indications in DCM 
are limited to some selected cases (Table 9.1).

9.5	 �Diagnosis of Myocarditis

EMB, using standardized histopathological [23] and immunohistochemical diag-
nostic criteria, is the current gold standard by which a diagnosis of myocarditis is 
made. The Dallas criteria define active myocarditis as an inflammatory infiltrate of 
the myocardium with necrosis and/or degeneration of adjacent myocytes. The infil-
trates are usually lymphocytic but might be neutrophilic or, occasionally, eosino-
philic and almost always include macrophages [see Case I–IV]. “Borderline 
myocarditis” is the term used when the inflammatory infiltrate is too sparse or myo-
cyte injury is not demonstrated [23]. The Dallas criteria are limited, however, by 
virtue of a high degree of interobserver variability in pathological interpretation and 
the inability to detect noncellular inflammatory processes and yield diagnostic 
information in only 10–20% of patients [24, 25]. Therefore, immunohistochemistry 
with the use of a large panel of monoclonal and polyclonal antibodies is now obliga-
tory to differentiate the inflammatory components present and the immunological 
processes activated [13]. According to the WHO definition, active myocarditis is 
present with immunohistochemical detection of focal or diffuse mononuclear infil-
trates (T lymphocytes and macrophages) using a cut-off of >14 cells per mm2, in 
addition to increased expression of HLA class II molecules [26]. Molecular detec-
tion of viral genomic sequences in diseased myocardium is also feasible and, when 
coupled with immunohistochemical analysis, increases the diagnostic accuracy of 
EMB in addition to providing an aetiology and offering prognostic information [5, 
27, 28]. Information about the safety of particular treatments can also be gleaned 
from data obtained via EMB. Detection of specific HLA markers on EMB tissue 
sections combined with the absence of infectious agents (PCR-negative for viral 
genome) suggests either primary or postinfectious immune-mediated myocarditis, 
at which point immunosuppression might be considered [29].
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a b

c d

Fig. 9.2  (a, b) The haematoxylin-eosin (H&E) stain shows diffuse myocardial inflammatory infil-
trates (lymphocytes, granulocytes, eosinophils) with some granulomatous pattern (a, H&E ×10; 
b, H&E ×40). (c) Myocardial interstitium with diffuse infiltrates of CD4-positive T cells (CD4 
×40). (d) High expression of HLA-DR by inflammatory elements (HLA-DR ×20)

9.6	 �Examples of Endomyocardial Biopsy

9.6.1	 �Case I (J.D.)

EMB of patient (J.D., 30 years old, M) admitted with fulminant myocarditis with 
need of inotropes and intra-aortic balloon pump (IABP). Initial left ventricular ejec-
tion fraction (LVEF) 27%, left ventricular end-diastolic diameter (LVEDD) 56 mm 
and left ventricular end-diastolic volume index (LVEDVi) 39 mL/m2. Discharged 
after 2 weeks with LVEF 65%. LVEF at 15 months of follow-up 62% (Fig. 9.2).
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9.6.2	 �Case II (C.P.)

EMB of patient (C.P., 52 years old, F) admitted with fulminant myocarditis with 
need of inotropes and non-invasive ventilation (NIV). Initial LVEF 36%, LVEDD 
45 mm, LVEDVi 37 mL/m2. Discharged after 2 weeks with LVEF 49%. LVEF at 
2 years of follow-up 54% (Fig. 9.3).

a b

c d

Fig. 9.3  (a, b) The haematoxylin-eosin (H&E) stain shows diffuse myocardial lympho-histiocytic 
infiltrates associated with myocyte degeneration, fraying and myocyte necrosis. The myocardial 
interstitium appears wide with abundant oedema and mild fibrosis (newly formed) (a, H&E ×20; 
b, H&E ×40). (c) Myocardial interstitium with diffuse infiltrates of CD8-positive suppressor cells 
(CD8 ×10). (d) High expression of HLA-DR by inflammatory elements, endothelium and myo-
cytes (HLA-DR ×20)

9  Endomyocardial Biopsy



144

a b

c d

Fig. 9.4  (a, b) The haematoxylin-eosin (H&E) stain shows many myocardial lympho-histiocytic 
infiltrates, some of them localized in a wide fibrotic matrix. The EMB shows also cell involutive 
aspects (hypertrophic cells and/or cells with loss of contractile proteins) (a, H&E ×10; b, H&E ×10). 
(c) Mallory’s trichrome stain shows interstitial fibrosis and severe involutive aspects of myocells 
(Mallory Trichrome ×20). (d) Diffuse myocardial lympho-histiocytic infiltrates (CD68 KP1 ×10)

9.6.3	 �Case III (C.S.)

EMB of patient (C.S., 51 years old, M) admitted with non-fulminant myocarditis. 
Initial LVEF 29%, LVEDD 62 mm, LVEDVi 80 mL/m2. Discharged after 12 days 
with LVEF 28%, LVEDD 63 mm, LVEDVi 93 mL/m2. LVEF at 3 years of follow-up 
43% (Fig. 9.4).
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Fig. 9.5  (a) The haematoxylin-eosin (H&E) stain shows myocardial lympho-histiocytic infil-
trate with replacement myocardial fibrosis (H&E ×20). (b) The EMB shows also hypertrophy, 
attenuation and involutive aspects of myocells with loss of contractile proteins (H&E ×20).  
(c) Mallory’s trichrome stain shows interstitial and replacement fibrosis (Mallory trichrome ×10). 
(d) HLA-DR expression by interstitial inflammatory elements and by some myocells 
(HLA-DR ×20)

9.6.4	 �Case IV (C.F.)

EMB of patient (C.F., 61 years old, M) admitted with non-fulminant myocarditis. 
Initial LVEF 27%, LVEDD 70 mm, LVEDVi 92 mL/m2. Discharged after 21 days 
with LVEF 26%, LVEDD 71 mm, LVEDVi 97 mL/m2. LVEF at 1 year of follow-up 
49% (Fig. 9.5).
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credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
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