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Abstract
Purpose of Review  Histologic evidence of myocardial inflammatory infiltrate not secondary to an ischemic injury is required 
by current diagnostic criteria to reach a definite diagnosis of myocarditis. Endomyocardial biopsy (EMB) is therefore often 
indicated for the diagnosis of myocarditis, although it may lack sufficient sensitivity considering the limited possibility of 
myocardial sampling. Improving the diagnostic yield and utility of EMB is of high priority in the fields of heart failure 
cardiology and myocarditis in particular. The aim of the present review is to highlight indications, strengths, and shortcom-
ings of current EMB techniques, and discuss innovations currently being tested in ongoing clinical studies, especially in the 
setting of acute myocarditis and chronic inflammatory cardiomyopathy.
Recent Findings  EMB provides unique diagnostic elements and prognostic information which can effectively guide the treat-
ment of myocarditis. Issues affecting the diagnostic performance in the setting of acute myocarditis and chronic inflammatory 
cardiomyopathies will be discussed in this review in the light of recent expert consensus documents on the management of 
these conditions and on indication to EMB. Recent innovations using electroanatomic mapping (EAM)-guided EMB and 
fluoroscopic-guided EMB during temporary mechanical circulatory support have improved the utility of the procedure.
Summary  EMB remains an important diagnostic test whose results need to be interpreted in the context of (1) clinical pre-
test probability, (2) timing of sampling, (3) quality of sampling (4) site of sampling, (5) histologic type of myocarditis, and 
(6) analytic methods that are applied. Herein we will review these caveats as well as perspectives and innovations related to 
the use of this diagnostic tool.

Keywords  Endomyocardial biopsy · Acute myocarditis · Inflammatory cardiomyopathy · Viral search · Histology · 
Electroanatomic mapping
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Infl-CMP	� Inflammatory cardiomyopathy
LOE	� Level of evidence
LGE	� Late gadolinium enhancement
LV	� Left ventricular/ventricle
PVB19	� Parvovirus B19
RNA	� Ribonucleic acid
RV	� Right ventricular/ventricle
VA-ECMO	� Venous-arterial extracorporeal membrane 

oxygenator

Introduction

Myocarditis is an inflammatory disease of the myocardium 
which commonly presents with chest pain, dyspnea, palpi-
tations, or syncope [1•]. Myocarditis is characterized by a 
large spectrum of clinical manifestations, ranging from an 
uncomplicated presentation with normal cardiac function 
to cardiogenic shock due to severe ventricular hypokine-
sis (i.e., fulminant myocarditis) or complicated by malig-
nant ventricular arrhythmias [1•]. In about 25% of cases, 
it is complicated by reduced left ventricular (LV) systolic 
function, acute heart failure (HF), conduction abnormali-
ties, or ventricular arrhythmias [1•]. The prevalence is het-
erogeneous, but in the age between 20 and 44 years, it has 
been recently estimated that the incidence of myocarditis 
is 6.1 per 100,000 in men and 4.4 per 100,000 in women 
[2]. Myocardial injury can be due to heterogeneous causes 
but is most frequently due to infective pathogens, especially 
viruses [3••]. It is widely accepted that viruses can induce 
myocarditis, both through a direct myocardial injury and/
or triggering abnormal hyperactivity of the immune system 
against the myocardium [4••]. Autoimmune disorders are 
among other common causes of myocarditis, like exposure 
to toxic, or drugs (i.e., the new anticancer class of immune 
checkpoint inhibitors (ICI) [5, 6]). A genetic susceptibil-
ity has been more recently recognized [7•, 8, 9]. The term 
myocarditis encompasses both acute myocarditis (AM) and 
chronic inflammatory cardiomyopathy (infl-CMP). These 
conditions differ in terms of clinical presentation, diagnos-
tic yields of imaging-based and invasive tools, and treat-
ment strategies [10]. The term AM refers to a disorder in 
which cardiac symptoms lasting less than 1 month, usually 
associated with chest pain with significant increased levels 
of high-sensitivity troponin (hs-Tn). Evidence of edema at 
cardiac magnetic resonance imaging (CMRI) [11] or a florid 
inflammatory myocardial infiltrate when an endomyocardial 
biopsy (EMB) is performed are diagnostic hallmarks [4••]. 
Chronic infl-CMP indicates a persistent/chronic inflamma-
tory condition lasting more than 1 month with a clinical 
phenotype of hypokinetic myocardium that can be associated 
with increased risk for arrhythmia. Patients with chronic 
infl-CMP generally present with signs and symptoms of HF, 

and only mildly increased levels of hs-Tn. CMRI can have 
reduced diagnostic accuracy since edema may not be present 
or readily identifiable [4••, 10, 12]. Histologically, infl-CMP 
is characterized by myocyte abnormalities, focal, or diffuse 
fibrosis with inflammatory infiltrates [4••].

Diagnostic challenges concerning myocarditis have long 
been known. Jean-Baptiste de Sénac [13], famous French 
physician operating during the eighteenth century, wrote: 
“Cardiac inflammation is difficult to diagnose, and even if 
diagnosed, can we treat it effectively?” Almost three centu-
ries later, these words still sound contemporary. To reach a 
definite diagnosis of myocarditis, current expert consensus 
documents require histologic evidence of myocardial inflam-
matory infiltrate not secondary to an ischemic injury [3••, 
14, 15••]. Historically, active myocarditis was defined by the 
presence of infiltrating inflammatory mononucleated cells 
and myocyte necrosis—with or without fibrosis (Dallas crite-
ria) [16]. Currently, the only way to identify and characterize 
the inflammatory cell infiltrate is by performing an EMB. 
Transvenous EMB was first performed by Sakakibara and 
Konno in 1962 [17] using a technique similar to today’s, with 
minor changes related to the adoption of modern single-use 
bioptomes with smaller jaws [18•, 19]. However, EMB use 
has decreased over time, likely due to its invasive nature [20, 
21•]. Nevertheless, it provides unique useful information for 
diagnosis, prognosis, and treatment of myocarditis [22, 23]. 
Since EMB remains a cornerstone in myocarditis diagnos-
tic workup, clinicians should be aware that the diagnostic 
performance of EMB depends on many aspects (Fig. 1) and 
only its rational use can ensure an optimal yield. Issues that 
affect the diagnostic performance in the setting of AM and 
chronic infl-CMP will be discussed in this review, including 
(1) clinical pre-test probability, (2) timing of sampling, (3) 
technical issue of sampling, (4) site of sampling, (5) histo-
logic type of myocarditis, and (6) analytic methods that are 
applied. Based on these concepts, we will weigh the pros and 
cons of EMB and discuss future directions related to the use 
of this diagnostic tool.

Who Should Be Referred to EMB?

EMB is indicated based on clinical signs, symptoms, and 
patient history that support the diagnosis of AM or chronic 
infl-CMP [4••]. In fact, the higher is the pre-test likelihood, 
the more informative is the EMB [24•]. In most cases, we 
cannot verify the validity of negative EMB findings. Only a 
few studies on a post-mortem or explanted hearts compared 
biopsy specimens to the histologic analysis of the whole 
heart [25, 26]. Thus, it should be more appropriate to define 
EMB as a reference standard rather than a gold standard for 
the diagnosis of myocarditis. The integration of all available 
information, such as personal history, clinical presentation, 
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age, presence of cardiovascular risk factors, exclusion of 
other differential diagnosis, laboratory tests (i.e., troponins, 
C-reactive proteins), electrocardiogram (ECG), echocardio-
gram in combination with CMRI, and/or EMB can allow the 
identification of myocarditis with higher accuracy than any 
single exam, including histology [27, 28]. Furthermore, the 
higher the extent of the inflammatory infiltrate, the higher 
the likelihood of a diagnostic EMB. For this reason, ful-
minant myocarditis, that is generally associated with dif-
fuse inflammatory infiltrate can be identified with a higher 
probability than AM with preserved LV ejection fraction 
in which focal infiltrates are expected [24•, 29]. According 
to the 2013 position statement of the European Society of 
Cardiology (ESC) Working Group on Myocardial and Peri-
cardial Diseases [14], all patients with suspected myocarditis 
should undergo EMB.

Nevertheless, the prognosis varies according to the pres-
entation [30••, 31]. For these reasons, two American Heart 
Association (AHA) scientific statements recommend EMB 
as first-line diagnostic modality (class of recommendation 
(COR) I, level of evidence (LOE) B) in every unexplained 
acute cardiomyopathy complicated by hemodynamic insta-
bility requiring inotropic or mechanical circulatory support, 
Mobitz type 2 II or III degree atrioventricular block, sus-
tained or symptomatic ventricular tachycardia, or failure to 

respond to medical therapy within 1–2 weeks [30••, 32]. In 
all other cases, CMRI can be considered as the first modality 
to confirm/exclude the diagnosis (COR II, LOE C).

The AHA indications have been validated in a large ret-
rospective analysis that assessed 851 patients with unex-
plained HF [33••]. Specifically, Bennett et al. found that 
EMB diagnostic yield was the highest when the suspicion 
of myocarditis is high, namely when there is new-onset HF 
(within 2 weeks) with normal or dilated LV and hemody-
namic compromise. In this clinical scenario, EMB has a 39% 
diagnostic ability to identify the cause of new-onset HF and 
can change the clinical course in 28% of cases. The clinical 
impact was related to the fact that in most cases steroids 
were administered or discontinued as a consequence of EMB 
results. In the case of HF associated with dilated cardio-
myopathy of any duration associated with allergic reaction 
and/or eosinophilia, EMB has a 33% diagnostic yield and 
can change the clinical course in 33% of cases. Finally, in 
the scenario of HF onset between 2 weeks and 3 months 
with LV dilation and ventricular arrhythmias or II/III degree 
atrioventricular block or failure to respond to usual care 
within 1 to 2 weeks of therapy, EMB has 21% diagnostic 
yield and can change the clinical course in 28% of patients 
[33••]. In another series of 23 patients who undergo EMB 
for cardiogenic shock needing venous-arterial extracorporeal 

Fig. 1   Aspects influencing endomyocardial biopsy (EMB) diagnostic performance
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membrane oxygenator (VA-ECMO) collected in 30 years 
from 1990 and 2020, EMB led to a histologic diagnosis in 
up to 78.3% of the patients, which consisted primarily of 
patients with myocarditis (73.9%) [24•]. On the other hand, 
the relatively low diagnostic yield of EMB and the good 
prognosis of patients presenting with chest pain only makes 
EMB likely unnecessary in most cases of AM [1•]. This 
concept challenges the 2013 ESC position statement, but it 
is in accordance with AHA scientific statements and most 
national expert consensus documents [34–37]. It must be 
considered that EMB in the 23 patients requiring VA-ECMO 
was associated with a relatively high rate of significant com-
plications in up to 26.1% associated mainly with sustained 
ventricular tachycardia and need of resuscitation (13.0%) 
[24•]. In the control group of 125 patients who underwent 
an unplanned admission due to acute HF, the rate of signifi-
cant EMB complications was 8.0%, which was significantly 
lower [24•].

In two recent international expert consensus documents, it 
has been proposed to expand the indications to EMB beyond 
AHA scientific statements, in particular in the following set-
tings: (1) myocarditis in the setting of ICI where an appropri-
ate diagnosis has implications for a patient receiving addi-
tional cancer therapy and where CMRI diagnostic yield is 
unknown and (2) AM or suspected chronic infl-CMP with 
persistent/relapsing release of myocardial necrosis markers, 
especially if associated with suspected/known autoimmune 
disorders for therapeutic implications (Table 1, and Fig. 2) 
[4••, 15••]. The HF Association of the ESC/HF Society 
of America/Japanese HF Society position statement also 
includes the indication to perform EMB for dilated cardio-
myopathy that has recent onset HF, moderate-to-severe LV 
dysfunction, and no response to standard treatment [15••]. 

In new scenarios of suspected AM due to coronavirus dis-
ease 2019 (COVID-19) [38], or after mRNA COVID-19 vac-
cine [39, 40], the indications still follow the AHA scientific 
statement.

In conclusion, it is reasonable to consider CMRI first in 
cases of the uncomplicated presentation without more than 
mild cardiac systolic dysfunction. In patients with CMRI 
supporting an inflammatory myocardial disease with moder-
ate LV systolic dysfunction without HF, EMB may be justi-
fied as it has the potential to confirm and define the type of 
inflammatory infiltrate before starting an immunosuppres-
sive treatment.

Time‑Performance Relationship: Is Timing 
of Sampling Crucial?

Most of the time, the acute phase of myocarditis resolves 
spontaneously without clinically relevant residual dam-
age [4••, 41]. On the other hand, persistent inflammatory 
stimuli can be the pathogenic mechanism involved in the 
progression to chronic infl-CMP. Therefore, dilated car-
diomyopathy may be the consequence of a long-standing 
inflammatory-mediated damage to the heart (i.e., chronic 
infl-CMP) [10]. The time from the onset of illness to EMB 
is one of the major determinants of diagnostic performance. 
Dec et al. showed that the rate of positive biopsies was 89% 
when exams were performed within the first 4 weeks from 
the onset of the symptoms in 27 patients with acute onset 
of dilated cardiomyopathy, with a dramatically decrease 
as the time passed (70% within 3 months, then 38%) [42]. 
This concept has been taken up by 2007 AHA/American 
College of Cardiology/ESC scientific statement on the role 

Table 1   Indication to endomyocardial biopsy based on a recent international expert consensus document on myocarditis

Expert consensus document on management of AM and Infl-CMP 
Ammirati et al. [4••]

ESC/HFSA/JHFS position statement on EMB—indications for myocarditis 
Seferovic et al. [15••]

*Acute myocarditis presenting with cardiogenic shock (i.e., fulminant 
myocarditis)/acute HF, ventricular arrhythmias, or high-degree 
atrioventricular block, especially in case of non/mildly dilated left 
ventricle and recent onset of symptoms (< 1 month)

*Suspected fulminant myocarditis or acute myocarditis with acute HF, 
left ventricular dysfunction, and/or rhythm disorders

* High-degree atrioventricular block, syncope, and/or unexplained 
ventricular arrhythmias refractory to treatment, without obvious 
cardiac disease or with minimal structural abnormalities

*Myocarditis in the setting of immune checkpoint inhibitors therapy 
where the appropriate diagnosis has implications for the patient 
receiving additional cancer therapy and accuracy of cardiac magnetic 
resonance imaging for diagnosis is not known

*Suspected immune checkpoint inhibitors-mediated cardiotoxicity: 
acute HF with/without haemodynamic instability early after drug 
initiation (∼ first 4 cycles)

*Acute myocarditis or hypokinetic dilated or non-dilated 
cardiomyopathy suspected for chronic inflammatory cardiomyopathy 
with persistent/relapsing release of myocardial necrosis markers, 
especially if associated with suspected/known autoimmune disorders 
or ventricular arrhythmias or II/III-degree atrioventricular block for 
therapeutic implications

*Autoimmune disorders with progressive HF unresponsive to treatment 
with/without sustained ventricular arrhythmias and/or conduction 
abnormalities

*Acute myocarditis or chronic inflammatory cardiomyopathy 
associated with peripheral eosinophilia

*Dilated cardiomyopathy with recent-onset HF, moderate-to-severe left 
ventricular dysfunction, refractory to standard treatment
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of EMB in the management of the cardiovascular disease 
[43], as previously mentioned, and it has been confirmed 
in recent consensus documents [4••, 30••, 32]. Different 
diagnostic performances of EMB may be due to the pres-
ence of a more diffuse inflammatory infiltrate in the acute 
setting, whereas in chronic infl-CMP, infiltrates are sparse 
and a larger amount of fibrosis can be found, thus increasing 
the probability of a non-diagnostic EMB [4••].

How Much Do Technical Aspects Account 
for the Final Result?

EMB is a non-targeted procedure which may increase the 
risk of false-negative results, especially when the disease is 
multifocal, focal, or localized [44, 45]. Adequate myocar-
dial sampling with multiple specimens from different sites 
(guided by imaging techniques when indicated) is required 
to minimize the risk of a geographical miss in case of patchy 
myocardial involvement by the underlying disease process. 
According to the 2011 Consensus statement on EMB from 
the Association for European Cardiovascular Pathology and 

the Society for Cardiovascular Pathology at least three [46], 
preferably four, endomyocardial fragments, each of 1–2 mm 
in size should be sampled and immediately fixed in 10% 
buffered formalin at room temperature for light microscopic 
examination. To optimize the diagnostic accuracy of EMB, 
additional samplings are recommended in case of expected 
focal myocardial lesions. In addition, the same authors sug-
gest that two fragments (or one if greater than 3 mm) should 
be snap-frozen or preserved in RNA-later for virus molecu-
lar investigation if a viral myocarditis is suspected.

Recently, new tools to guide EMB have been tested, 
including electroanatomic mapping (EAM) [47–49], while 
new bioptomes to perform EMB during CMRI are currently 
under investigation [50]. The main reason for the enhanced 
sensitivity of EAM-guided EMB is linked to the identifi-
cation of diseased myocardium based on low-voltage areas 
and abnormal electrograms on electroanatomic maps, thus 
increasing the likelihood of drawing diagnostic samples and 
reducing the number of biopsies. Indeed, in a recent single-
center retrospective study that enrolled 162 consecutive 
patients submitted to EMB, EAM proved to be an excellent 
tool to guide EMB because of its sensitivity and specificity 

Fig. 2   Proposed diagnostic algorithm in patients with suspected 
acute myocarditis. The figure shows when an endomyocardial biopsy 
(EMB) should be the first-line exam and when cardiac magnetic reso-
nance (CMR) should be the first-line exam. The images on the left 
show a fluoroscopic-guided biopsy, with evidence on histology of 
eosinophilic myocarditis remaking the unique value of biopsy that 

can determine the type of inflammatory infiltrate. On the right, CMR 
images show the extent of late gadolinium enhancement and edema 
on T2-weight short tau inversion recovery sequences. The advan-
tage of CMR is providing a complete vision of the heart showing the 
extent and the localization of the inflammatory process. AV indicates 
atrioventricular; VT, ventricular tachycardia; LV, left ventricular
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in identifying myocardial pathological substrates [49]. In this 
study, EAM showed an accuracy comparable to CMRI, with 
the combination of EAM-guided EMB and CMRI providing 
a positive predictive value of 89% on EMB. Nonetheless, 
EAM-guided EMB was not superior to CMRI in identify-
ing patients with myocarditis, although it detected abnor-
malities in a small subset with negative CMRI and chronic 
myocarditis with ventricular arrhythmias [49]. Similarly, 
the execution of EAM-guided EMB in competitive athletes 
with ventricular arrhythmias and an apparently normal heart 
allowed the identification of a pathological substrate in 100% 
of cases with myocarditis diagnosed in 53% of subjects [51]. 
EAM guidance can significantly increase EMB diagnostic 
yield over conventional fluoroscopy-guided biopsy in patients 
with ventricular arrhythmias and suspected myocarditis, 
even if no prospective trials are available [48]. Accordingly, 
EAM-guided EMB should be considered when both EAM 
and EMB are indicated to assess the electrical and patho-
logical substrate, either for diagnostic or therapeutic pur-
poses. On the other hand, technical considerations prevent 
EAM-guided EMB for routine diagnosis of myocarditis due 
to the costs and the time needed for EAM procedure. How-
ever, it should also be emphasized that EAM-guided EMB 

represents an important research tool to further define the 
role of myocardial inflammation in the pathogenesis of inher-
ited and acquired arrhythmic conditions [52]. EAM-guided 
EMB could theoretically increase the diagnostic accuracy 
of EMB in cases of suspected cardiac sarcoidosis, granu-
lomatous myocarditis with the known patchy myocardial 
disorder (Fig. 3) [53, 54]. In conclusion, EAM-guided EMB 
is an emerging albeit costly tool that could be considered 
especially in suspected focal myocarditis associated with a 
ventricular arrhythmic burden.

Where Should EMB Be Performed: Right, 
Left, or Both the Ventricles?

Traditionally, EMB has been obtained from the right ventri-
cle (RV) via central venous access. Right internal right jug-
ular and femoral vein are the most common access sites to 
perform RV-EMB, with jugular access preferred (Fig. 4A, 
B) [18•]; the femoral vein approach needs longer biop-
tomes within a long sheath. Given the stiffness of the 
sheath used for femoral biopsy, damage to the tricuspid 
valve or right atrial wall can occur. Samples are generally 

Fig. 3   Electroanatomic mapping (EAM)-guided endomyocardial 
biopsy (EMB) in a patient with suspected cardiac sarcoidosis. A 
Bipolar EAM by CARTO3® system and high density mapping Pen-
taRay® (black arrow,  Biosense Webster®)  of the right side of the 
interventricular septum (IVS), where  healthy myocardium with a 
signal > 1.5  mV is depicted in violet. Focal pathologic areas with 
decreased voltages are found in the middle of the IVS (** green–
blue signal < 1.5  mV). Modified biopsy forceps (Cordis®—white 
arrow) are visualized in the map and can identify the precise point 
where performing EMB. B Fluoroscopic visualization (anteroposte-

rior view) of the mapping catheter (black arrow) and biopsy forceps. 
## Atrial pacing wire and § ventricular pacing wire in a patient with 
a permanent  pacemaker. C Fluorodeoxyglucose positron emission 
tomography (FDG-PET) of the same patient shows a focal lesion in 
the middle of IVS suspected of granuloma. FDG-PET showed also 
several pulmonary lesions consistent with sarcoidosis. The patient 
presented a year before with a complete atrioventricular block. LV 
indicates left ventricle; IVS, interventricular septum; PA indicates 
pulmonary artery; RA, right atrium; RV, right ventricle; RVOT, right 
ventricular outflow tract
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obtained from the ventricular septum. Fluoroscopic guid-
ance in combination with ECG monitoring is commonly 
used. Transeosophageal or transthoracic echocardiography 
can be an alternative to fluoroscopy. Ventricular ectopy 
or non-sustained ventricular tachycardia is observed when 
bioptome’s jaws are in contact with the ventricular sep-
tum. Though RV biopsy is technically easier with less risk 
of adverse events, myocarditis frequently affects the LV 
in isolation [55]. A small study assessed the diagnostic 
yield of EMB on post-mortem hearts from patients with 
known lymphocytic myocarditis (N = 38). Biopsies were 
performed ex vivo and showed that the diagnostic yield of 
Dallas criteria was 63% from the RV and 55% from the LV 

[26]. Although 10 specimens were obtained in each ven-
tricle, the frequency of false-negative biopsies was 45% in 
the LV and 37% in the RV. The authors concluded that the 
sampling error of EMB in patients with known lympho-
cytic myocarditis was mainly due to the focal nature of the 
inflammatory infiltrates or the involvement of regions that 
were inaccessible to the bioptome (i.e., mid and epicardial 
layers) (Fig. 4C, D). They also remarked that when myo-
carditis is evaluated by biopsy alone, only positive find-
ings can be considered diagnostic [26]. In a similar study 
including 14 explanted hearts of patients with confirmed 
myocarditis, the false-negative rate was approximately 50% 
despite five bioptome-derived EMB of the ex vivo RV [25].

Fig. 4   Right ventricular endomyocardial biopsy (EMB). A Fluoroscopy-
guided biopsy from the right internal jugular vein. The bioptome passes 
the tricuspid valve (dashed oval) and reaches the ventricular septum (* 
and dashed line). B Explanted heart seen from the right ventricle of a 
patient with lymphocytic fulminant myocarditis shows the relationship 
between tricuspid valve and the ventricular septum (* and dashed line). 
Tricuspid chordal rupture can be a complication of biopsy from the right 

jugular vein. C From the same patient, the result of hematoxylin–eosin 
stain did not show an active myocarditis, while in D in the explanted 
heart an active lymphocytic myocarditis was demonstrated. This repre-
sentative case underlines the false-negative results associated with biopsy 
due to the non-homogenous distribution of the inflammatory infiltrate 
and the potential sampling error
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LV-EMB is usually performed through the right femo-
ral artery, although radial access has been used [56]. In the 
femoral approach, a long guiding sheath is mounted over 
an angulated pigtail catheter that is used as a support dur-
ing the positioning of the sheath [18•]. The bioptome is 
then slowly advanced against the cardiac wall outside the 
sheath to get the myocardial specimens (Fig. 5). Ischemic 
stroke and hemopericardium/tamponade are rare compli-
cations that can be associated with LV-EMB (reported in 
0.64% in a large volume center) [57]. Yilmaz et al. [57] in 
a 2-center study assessed the respective diagnostic perfor-
mance of LV, RV, and biventricular EMB in 481 patients 
with clinically suspected myocarditis. Almost all patients 
underwent CMRI before EMB, and myocardial samples 
were preferentially obtained from the ventricle showing 
late gadolinium enhancement (LGE). In particular, patients 
with LGE exclusively in the lateral LV free wall underwent 
LV-only or biventricular EMB, whereas patients with LGE 
in a septal wall or no LGE were submitted to RV-only or 
biventricular EMB. Biventricular EMB was diagnostic in 
a higher percentage of cases compared to selective single-
chamber EMB (71.1% vs 51.3%, p < 0.001). Of note, patients 
in this series received a histologic diagnosis of myocarditis 
according to immunohistochemical and/or virologic find-
ings and not based on Dallas criteria. When excluding the 
subset of patients in which only the presence of viral genome 
was detected, the difference between the biventricular and 
single-chamber approach remained significant (56.9% vs 
31.7%, p < 0.001). Furthermore, the diagnosis of myocardi-
tis would have been missed in 18.7% of cases when omitting 

the LV-EMB and in 7.9% of cases (p = 0.002) when omitting 
RV-EMB. Similar findings were reported by Chimenti and 
Frustaci [58], who retrospectively evaluated the diagnos-
tic contribution and the risks of EMB in a large population 
including 4221 patients with clinically suspected myocar-
ditis or non-ischemic cardiomyopathies. In this study, the 
decision to perform a biventricular EMB rather than an 
isolated RV-EMB or LV-EMB was based on various clini-
cal and technical considerations, including involvement of 
a specific ventricular chamber on echocardiogram (94.2% 
of cases showed a LV involvement, alone in 67% and in 
association with RV involvement in 26.9%). Among the 
706 patients diagnosed with myocarditis, a histologic and 
immunohistochemical diagnosis was evident in 95.7% of 
LV-EMB and in 54.2% of RV-EMB (p < 0.001) from patients 
with isolated LV echocardiographic involvement, whereas, 
in patients with associated echocardiographic RV involve-
ment, the diagnostic yield of LV-EMB and RV-EMB was 
similar (96.6% vs. 96.1% respectively). Among unusual 
cases of isolated RV echocardiographic involvement, the 
diagnostic accuracy of RV-EMB was superior to LV-EMB 
(93% vs 62.8%, p < 0.001). In both studies, a very low rates 
of cardiac complications for LV-EMB (0.64% and 0.33%) 
and RV-EMB (0.82% and 0.45%) were reported. Other 
studies have found a cardiac complication rate of 1–2% at 
expert centers, that increases up to 8.9% at low-volume cent-
ers [21•, 33••]. Interestingly in both studies [57, 58], the 
authors consider the higher diagnostic yield of the biven-
tricular approach mainly related to the higher number of 
myocardial samples obtained, leading to a reduction of 

Fig. 5   Left ventricular endomyocardial biopsy (LV-EMB). A Fluoroscopy-guided LV-EMB in a patient with myocarditis. The bioptome is 
directed towards the septal-apical portion of the LV. B Visualization of the open bioptome in the LV of an explanted pig heart
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sampling error. A more recent study on 144 patients with 
myocarditis further supports the accuracy of RV-EMB in 
patients with CMRI-confirmed LV myocarditis [59]. Peretto 
et al. [59] found that RV-EMB sensitivity in patients with 
LGE involving both RV and ventricular septum, isolated 
RV or ventricular septum, and remote LV areas (N = 10, 
49, and 67 cases) was not different with a 83.3, 84.4, and 
90.5% diagnostic yield, respectively (p = 0.52). In this study, 
the sample size area of myocardial specimens was the only 
factor associated with RV-EMB sensitivity [59]. In conclu-
sion, RV-EMB seems a reasonable approach in most cases 
of clinically suspected myocarditis. LV-EMB can be consid-
ered in experienced centers in cases where imaging suggests 
isolated LV involvement.

Type of Inflammation: All Myocarditis Are 
Equally Detectable?

The histological diagnosis of myocarditis includes different 
forms, classified according to the type of inflammatory cell 
that infiltrates the myocardium. The most common types are 
lymphocytic, eosinophilic, giant cell myocarditis (GCM), 
and granulomatous myocarditis (aka cardiac sarcoidosis). 
Their prevalence is different, for example, the lymphocytic 
subtype is reported to be the most frequent form, in about 
70% of cases [28, 60••]. In contrast, eosinophilic [61], GCM 
[62], and cardiac sarcoidosis are relatively rare [63]. Myo-
carditis can be divided into two major clinical presentations: 
fulminant (characterized by rapid onset of hemodynamic 
instability requiring inotropes or mechanical circulatory sup-
ports) and non-fulminant. Histologically, fulminant myocar-
ditis is generally associated with an extensive inflammatory 
infiltrate, with lymphocytic cells being the most common 
infiltrate. Of note, GCM is more frequent among patients 
with a fulminant presentation, estimated to account for 
approximately 10%, while it is rarely seen as non-fulminant 
[60••]. For non-lymphocytic myocarditis, achieving histo-
logical proof by EMB is of utmost importance to rapidly 
start appropriate pharmacologic therapy. EMB’s accuracy 
to identify the different types of myocarditis is strictly con-
nected with the extent and distribution pattern presented by 
an inflammatory infiltrate: diffuse infiltration of the myo-
cardium is associated with a higher rate of EMB sensitivity 
when compared to focal or patchy distributions [24•]. For 
this reason, EMB sensitivity is relatively low for the detec-
tion of lymphocytic myocarditis [25, 57]. EMB sensitivity 
for detecting cardiac sarcoidosis is also low, estimated to be 
around 20–30%; this is most likely due to the focal nature 
of granulomas [64]. On the other hand, GCM is associated 
with high EMB sensitivity, with a reported range of 80–93% 
[65]. Estimation of EMB accuracy in eosinophilic myocardi-
tis is more difficult because a patchy interstitial myocardial 

eosinophilic and lymphocytic infiltrate may be present as 
well as a more severe diffuse form of necrotizing myocar-
ditis, reflecting the wide spectrum of diseases in this group 
(hypersensitivity response to drugs or illness characterized 
by chronic hypereosinophilia, such as hypereosinophilic or 
Churg-Strauss syndrome) [4••, 61]. As demonstrated in a 
series of 69 patients with hypersensitivity eosinophilic myo-
carditis diagnosed at autopsy [66], the eosinophilic myo-
cardial infiltrates ranged from mild to severe, and one-half 
of the cases had infiltrates with focal lesions that could be 
missed by EMB. Moreover, in this cohort, the histopatho-
logic finding did not correlate with the severity of clinical 
symptoms or the incidence of sudden cardiac death. In con-
clusion, cardiac biopsy for myocarditis has high specificity 
and modest sensitivity for most forms. GCM, which is the 
subtype associated with the most severe forms of myocardi-
tis and diffuse inflammatory infiltrates, can be detected with 
a high degree of accuracy by EMB.

Analytic Methods Applied to the Samples:  
Does it Truly Increase Sensitivity?

Developed during the 1980s, Dallas criteria have long rep-
resented the preferential method to reach the diagnosis of 
myocarditis. As such, most data concerning the diagnostic, 
prognostic, and therapeutic value of EMB are based exclu-
sively on these criteria. However, the sensitivity of the Dal-
las criteria is relatively low [25, 26, 67]. Many interstitial 
cells may be difficult to characterize on routine hematoxylin 
and eosin-stained sections and normal components such as 
mast cells, fibroblast nuclei cut in cross-section, pericytes, 
histiocytes, and endothelial cells may resemble lymphocytes 
[68]. As demonstrated by several studies, viruses can be pre-
sent and replicating in the myocardium without sufficient 
myocardial inflammation to meet Dallas criteria [3••, 57, 
69]. Some authors consider that the presence of viruses in 
the myocardium without demonstration of inflammatory 
cells is a finding consistent with the definite diagnosis of 
myocarditis [69], though expert consensus documents do not 
classify this condition as myocarditis [4••, 14, 15••]. In any 
case, several experts regard the search for the viral genome 
as essential information to define the etiology of myocarditis 
[14]. In clinical practice, myocardial viral search in patients 
with AM is rarely performed [70, 71]. Furthermore, the most 
commonly detected virus is parvovirus B19 (PVB19), which 
is viewed by many investigators as a bystander without a 
definitive pathogenic role in myocarditis [72, 73]. The patho-
genicity of enteroviruses may vary by age—while they are 
rarely found to cause cytolysis in adults [4••, 74], they have 
been found to definitively cause myocarditis in infants under 
2 years of age [75].
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Despite low sensitivity, histologic hematoxylin and eosin 
staining remains fundamental since it provides information 
concerning the presence and type of inflammatory infiltrate, 
the type of myocyte damage (myocytolysis, apoptosis, or 
other myocyte alteration), and the presence of fibrosis [76]. 
To overcome the low diagnostic yield of histologic process-
ing, new criteria based on immunohistochemistry have been 
developed. Even though its use is still not standardized (pro-
posed for the first time in the 1990s), immunohistochemistry 
can improve EMB sensitivity. Quantification of interstitial 
inflammatory cells consistent with active myocarditis is 
based on a cutoff threshold of ≥ 14 leukocytes/mm2 including 
up to 4 monocytes/mm2 with the presence of CD3 positive 
T-lymphocytes ≥ 7 cells/mm2 [4••, 14, 76]. Even if not fully 
mentioned in the ESC 2013 position statement, the presence 
of myocardial necrosis should be recognized in association 
with immunohistochemistry findings. The antibodies that 
are mainly used are CD45 (leukocyte antigen common), 
CD3 (T cell marker), CD20 (B-lymphocytes marker), CD4 
(helper T cell marker), CD8 (cytotoxic T cell marker), CD68 
(macrophages marker), plus other stains to detect immune 
activation (i.e., HLA-DR) [4••, 14]. Immunohistochemical 
criteria seem to be particularly useful in chronic Infl-CMP; 
its application has improved the sensitivity to 40% for dilated 
cardiomyopathy [77]. Among 182 patients with dilated car-
diomyopathies who underwent EMB, evidence of myocardial 
inflammation detected by immunohistochemistry (defined as 
an increased count of CD3 + T cells or CD68 + macrophages 
or CD163 + M2 macrophages) was associated with a poor 
prognosis [78]. Similarly, in 181 patients with suspected 
myocarditis the presence of increased inflammatory cells in 
the myocardium (≥ 14 leucocytes/mm2 plus positive stain for 
HLA-DR) was an independent predictor of outcome (cardiac 
death or heart transplant).

In the same study, viral genomes (comprising enterovi-
ruses, PVB19, Epstein-Barr virus, and human herpesvirus 
type-6) in the myocardium were detected in 44% of patients 
but the presence of viral deoxyribonucleic acid (DNA)/
ribonucleic acid (RNA) was not associated with outcome 
[79]. These findings challenge the clinical utility of viral 
testing in myocarditis. Some experts still advocate that the 
detection of the viral genome should influence treatment 
strategy [14, 80, 81]. Since it is believed that a myocardial 
viral presence represents active infection, these authors 
argue that viral presence should be a contraindication to 
immunosuppressive treatment. Nevertheless, in the setting 
of AM and fulminant myocarditis, there is no evidence 
to support this statement [31, 70]. In an analysis of 120 
patients with fulminant lymphocytic myocarditis, there 
was no difference in outcomes or use of immunosuppres-
sive therapies between 27 patients in whom a viral search 
was performed and 93 patients in whom it was not. In 5 
out of 27 (18.5%) patients, a virus was detected, and in all 

was a PVB19 [70]. Furthermore, a recent study suggests 
that immunosuppression does not affect PVB19 replication 
in the myocardium of patients with infl-CMP [82]. Thus, 
a reappraisal of the common term infectious myocarditis 
referring to the presence of viral genome in the myocardium 
should be considered [14]. In conclusion, while immunohis-
tochemistry can increase the diagnostic sensitivity of EMB 
for the diagnosis of AM or infl-CMP, the detection of viral 
DNA/RNA in the myocardium without myocardial inflam-
mation does not aid diagnosis. Further studies are needed 
to establish how high genome copies or replicative phase 
viruses impact the diagnosis of myocarditis. The statement 
by 2007 joined scientific statement on EMB is still valid: 
“because of uncertainties in the methods (for instance sam-
pling errors and false-negative results), and interpretation at 
centers not experienced in these techniques, the consensus 
is that routine testing for viral genomes in EMB specimen 
is not recommended at this time outside of centers with 
extensive experience” [43]. Furthermore, there are inves-
tigational markers of inflammation and myocardial injury 
on histology, such as markers of cardiomyocyte apoptosis 
[83], and inflammatory activation in infiltrating leukocytes 
[84] that must be further assessed in prospective studies.

Conclusions

Myocarditis is a complex cardiac disease that can be associ-
ated with poor outcomes, especially in cases complicated 
by acute HF and ventricular arrhythmias [60••, 85]. While 
CMRI is a valid tool to reach the diagnosis [3••, 11], EMB 
is the reference standard that provides definitive diagnosis 
along with other unique and timely information. EMB is 
of particular value in patients with acute clinical presenta-
tions [3••, 4••, 15••], where rapid and effective treatment 
is needed. To optimize EMB diagnostic performance, it is 
important to keep in mind the different aspects that influ-
ence diagnostic yield, such as limiting EMB to patients with 
clinically suspected myocarditis and performing adequate 
sampling. Future studies will establish whether EAM-guided 
EMB can be routinely used and increase the rate of diagnosis 
compared with EMB and if viral genome detection can affect 
the diagnostic and therapeutic management.
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