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Abstract Background: The diagnosis of myocarditis is still a challenge. The true incidence of the

disease is unknown due to great variation in clinical manifestations.

Objective: The aim of this study was to identify the demographic features and in-hospital preva-

lence of myocarditis in patients undergoing transarterial endomyocardial biopsy (EMB) for unex-

plained cardiomyopathy.

Patients and methods: This was a prospective observational study. We recruited all patients with

unexplained cardiomyopathy presented at Assiut University Hospital from January 2014 till

December 2014. The inclusion criteria were namely acute symptoms of heart failure, worsening

of ejection fraction (EF) despite optimized therapy, hemodynamically significant arrhythmias, heart

failure with concurrent rash, fever, or peripheral eosinophilia and new-onset cardiomyopathy in the

presence of known amyloidosis. We excluded patients with uncontrolled hypertension, diabetes

mellitus, ischemic, congenital, rheumatic heart disease, peripartum cardiomyopathy, cardiotoxic

exposure, alcoholic and familial cardiomyopathies. All patients were subjected to full examination

with ECG, echocardiography and coronary angiography, and then 3 EMB samples via femoral

artery were taken from the LV. The histopathological examination of all biopsies was done.

Results: Out of the 1100 patients admitted to our department, 15 patients (1.4%), who had unex-

plained cardiomyopathy were included in our study. Seventy-three percent were males with mean

age 37.8 ± 17 y. 87% were from rural areas, and 73.3% presented with dyspnea grade III to IV

for a duration period that varied from 2 to 8 weeks. 33% had an EF > 40%. 33 EMB samples from

11 patients were examined. 7 out of 11 patients (63.6%) proved to have myocarditis on pathological

examination, 5 of them had active myocarditis, 1 had chronic myocarditis and 1 had borderline

myocarditis. Three patients (27.3%) had no pathological evidence of inflammation and one patient
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(9.1%) had cardiac amyloidosis. Four out of 15 patients (26.7%) did not undergo EMB because of

LV thrombus or bleeding tendency. None of our patients had any complication from EMB.

Conclusion: The in-hospital prevalence of myocarditis is high among patients with unexplained car-

diomyopathy. EMB via femoral artery is safe and essential in confirming the diagnosis.

� 2016 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Myocarditis is clinically and pathologically defined as ‘‘inflam-

mation of the myocardium”. The true incidence of the disease
is unknown due to a great variation in clinical manifestations
from asymptomatic changes on electrocardiogram to fulmi-

nant heart failure, arrhythmias and sudden cardiac death [1].
The diagnosis of myocarditis is still a challenge, due to the
non-specific pattern of clinical presentation and the lack of
standardized diagnostic algorithm [2]. Cardiac magnetic reso-

nance (CMR) is the ideal technique to detect soft tissue
changes such as edema and inflammation [3,4]. However,
imaging techniques such as CMR or echocardiography can

only provide non-invasive tissue characterization but fail in
revealing the true underlying causes that determine prognosis
and treatment of the disease. Invasive removal of a sufficient

number of tissue samples by endomyocardial biopsy (EMB)
is always necessary when an exact diagnosis is needed [5–8].
EMB is an invasive, nonsurgical diagnostic technique, which

makes it possible to obtain histological samples of myocardial
tissue through the use of biopsy forceps [9]. Cardiac biopsy
was initially performed in the 1950s by means of limited thora-
cotomy [10–14]. The role of EMB in the diagnosis and treat-

ment of cardiovascular diseases is still controversial.
However, EMB is the gold standard for heart disease when
the common non-invasive methods do not make precise

histopathological diagnosis possible [15–19]. EMB samples
can be taken from the right or left ventricle, via the venous
or arterial route [20]. EMB may be guided by fluoroscopy,

2-D echocardiography, or both [9,21,22]. However, fluo-
roscopy alone is the most common method used [23].

Also, because of the lack of available facilities and clinical
experience, EMB appears to be infrequently used to diagnose

myocarditis [20,22,23]. Reported complications range from
minor site hematoma, to right ventricular perforation; and
were reported in less than 1% of patients [24].

The aim of this study was to identify the demographic fea-
tures and in-hospital prevalence of myocarditis in patients
undergoing transarterial endomyocardial biopsy (EMB) for

unexplained cardiomyopathy.

2. Methods

2.1. Study group and design

We performed a prospective observational study. From
January 2014 to December 2014, 1100 patients who were
admitted to the cardiology department at Assiut University

Hospital complaining of dyspnea on exertion or chest pain
were assessed for eligibility. Fifteen patients with unexplained
cardiomyopathy were included. The inclusion criteria were as
follows: acute symptoms of heart failure refractory to standard

management, substantial worsening of EF despite optimized
pharmacological therapy, development of hemodynamically
significant arrhythmias, particularly progressive heart block
and ventricular tachycardia, heart failure with concurrent rash,

fever, or peripheral eosinophilia, new-onset cardiomyopathy in
the presence of known amyloidosis, sarcoidosis, or hemochro-
matosis. The exclusion criteria were patients with a history of

ischemic heart disease, uncontrolled hypertension, diabetes,
congenital or rheumatic heart disease, patients with familial
cardiomyopathy, peripartum cardiomyopathy, patients with

cardiotoxic exposure and alcoholic patients [25]. The trial pro-
tocol was reviewed and approved by the institutional review
committee, and all patients granted their informed consent
to be included in the trial. The demographic and clinical data

were collected using a standardized ‘‘procedural datasheet”.

2.2. Patients diagnosis protocol

All patients were subjected to full history taking to identify the
most common symptoms of myocarditis such as chest pain,
breathlessness, fatigue, palpitations and fainting attacks. The

history of flu-like symptoms (a cough, fever, malaise) and med-
ications was used. Then this was followed by full physical
examination and 12 lead electrocardiogram (ECG). All

patients had detailed echocardiography (ECHO) study by an
independent operator to analyze the suspected etiology of
heart failure symptoms. It was only after ECHO assessment
that patients were included into the study as unexplained

cardiomyopathy.

2.3. Cardiac catheterization

Coronary angiography (CA) was carried out on all included
patients to exclude coronary artery disease before doing the
EMB. CA was performed using the femoral approach in all

our patients with 6 F catheters through the common femoral
artery according to standard guidelines [26].

2.4. Endomyocardial biopsy (EMB)

EMB was taken from the left ventricle (LV). 6 French femoral
artery sheaths were inserted into the left or the right femoral
artery. Judkins right (JR) 3.5 guiding catheter was introduced

via the femoral sheath into the LV. A Cook� Flexible Biopsy
forceps (with a standard cup for tissue sampling of 5.2 Fr vol-
ume 2.25 mm3) were used to take EMB. At least 3 samples of

biopsy from the interventricular septum, apex and lateral wall
of the LV were taken under fluoroscopic guidance in right
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anterior oblique and left anterior oblique views [10–14].
2500 IU of heparin was given in the sheath at the beginning
of CA in all patients. At the end of EMB, mandatory 2D echo

assessment was done for all patients for the exclusion of any
complications. The main reported complications were pericar-
dial effusion or new onset mitral incompetence due to chordal

involvement.

2.5. Histopathological analysis

From each patient, 3 endomyocardial biopsies were taken
into 3 separate bottles containing 10 mL of 10% formalin
and were referred to a specialist in cardiac pathology for fix-

ation and further assessment [9,27,28]. Tissue specimens were
processed and 5 lm sections were cut and stained with hema-
toxylin and eosin or other specific stains according to each
case. Sections were examined by light microscopy and the

following features were evaluated: these were the presence
of inflammatory cells, number, and distribution of inflamma-
tory cells, the presence of necrosis or fibrosis. The confirmed

diagnosis of myocarditis was according to the Dallas criteria
[29].

2.6. Study end points

Our study aimed to identify the in-hospital prevalence of unex-
plained cardiomyopathy among all patients presented with
dyspnea or chest pain, and it also had the purpose of elucidat-

ing the rate of confirmed myocarditis among these patients and
its subtypes by the histopathological analysis of EMB. The
analysis of the safety of EMB from the LV using the femoral

artery sheath was another end point of the study.
Table 1 Patients’ demographic criteria.

Variable Unexplained CM N = 1

Age (years) 37.8 ± 17.7

Male gender n (%) 11 (73.3%)

Geographical distribution

Rural 13 (86.6%)

Urban 2 (13.3%)

Hypertension n (%) 0

Diabetes mellitus n (%) 0

Hepatitis C infection n (%) 1 (6.6%)

Smoking n (%) 5 (33%)

Known ischemic heart, n (%) 0

Dyslipidemia, n (%) 4 (26%)

Systolic BP (mmHg) 122 ± 62

Diastolic BP (mmHg) 76 ± 26

Pulse (bpm) 99 ± 26

Weight (kg) 80 + 17

Height (m) 166 ± 7

Hemoglobin (mg/dl) 11 + 3

Platelets (u/L) 273 + 77

INR impaired n (%) 2 (13%)

Chronic Diuretics therapy 4 (26%)

Chronic ACEI or ARB therapy 4 (26%)

Chronic BB therapy 2 (13%)

Data are presented as mean ± standard deviation, number (%) of patient

receptor blocker; BB, Beta blockers; CM, cardiomyopathy.
2.7. Statistical analysis

Categorical data were presented as counts and proportions
(percentages). The normal distribution of continuous data
was tested using a Kolmogorov–Smirnov test. Continuous

and normally distributed data are presented as mean ±1 stan-
dard deviation. These comparisons were performed using the
SPSS version 16.0 software package (SPSS Inc., Chicago,
IL), and a p-value of 60.05 was considered to be significant.

3. Results

3.1. Patients’ characteristics

The baseline demographic and clinical characteristics of the

study group are summarized in Table 1. Fifteen patients with
unexplained CM were significantly younger compared to other
screened patients and 73.3% of them were males. One patient

was known to have hepatitis C, and 86.6% were from rural
areas. Clinical examination of admission and history of previ-
ous drugs were not significantly different between those with

suspected unexplained CM and other screened patients except
for age (Table 1). The younger patients were presented in the
unexplained CM group with less use of diuretic treatment com-
pared with other screened patients. None of our patients had

significant eosinophilia in their blood picture analysis.

3.2. Symptoms, ECG and ECHO findings

The baseline clinical presentation of the included patients with
ECG and ECHO findings is summarized in Table 2. Most of
the patients presented with dyspnea grade III to IV, varied
5 Patients screened N= 1085 p

60.9 ± 10.7 0.002

801 (73%) NS

NS

868 (80%)

217 (20%)

499 (46%) –

401 (37%) –

217 (20%) 0.02

509 (47%) NS

358 (33%) –

325 (30%) NS

134 ± 30 NS

80 ± 14 NS

88 ± 14 NS

77 ± 12 NS

164 ± 7 NS

12 ± 2 NS

261 ± 66 NS

217 (20%) NS

499 (46%) 0.01

358 (33%) NS

217 (20%) NS

s, ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin



Table 2 Complaint and electrocardiographic and echocardio-

graphic findings in the study patients.

Variables Unexplained CM, N (%)

Clinical presentation

Attacks of palpitations 1 (6.7)

Chest pain 2 (13.3)

Dyspnea 11 (73.3)

Orthostatic hypotension 1 (6.7)

ECG changes

Sinus rhythm 14 (93.3)

Atrial fibrillation 1 (6.7)

Normal axis 9 (60)

Left axis deviation 6 (40)

Diffusely Inverted T wave 4 (26.7)

Normal QRS duration 11 (73)

LBBB 4 (27)

ECHO analysis

EF 6 40% 10 (67)

EF > 40% 5 (33)

Normal chamber dimensions 2 (13)

Dilated all chambers 9 (60)

Dilated atria only 1 (7)

Concentric LVH 2 (13)

Dilated LV 1 (7)

EF, Ejection fraction; CM, Cardiomyopathy; LBBB, Left bundle

branch block; LV, left ventricle.
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for a duration from 2 to 8 weeks (73%) and sinus tachycardia

(93%). A normal ECG axis between �30 and +90 was present
in 60% of patients. Through the means of detailed ECHO
assessment, we found 10 patients (66.7%) had a picture of

dilated cardiomyopathy (DCM) with an ejection fraction
(EF) 640% and global hypokinesia. On the other hand, 5
patients (33.3%) had EF > 40% with normal wall motion, 2
of them had normal dimensions, another 2 had concentric

LVH and one patient had dilated the atria (Table 2).
Figure 1 Distribution of patien
3.3. Distribution of patient according to biopsy results

The results of pathological examination of the 33 EMB sam-
ples are summarized in Fig. 1. Seven patients proved to be
myocarditis according to the Dallas criteria [29]. Five of them

had active myocarditis showing infiltration with inflammatory
cells (polymorphs and lymphocytes) and focal necrosis of car-
diomyocytes. The remaining 2 patients had borderline

myocarditis where no necrosis was present in cardiomyocytes

but there was infiltration with inflammatory cells as presented
in Fig. 2. Three patients had no pathology detected and were
considered negative for myocarditis, and one patient had car-

diac amyloidosis with amyloid deposition identified by Congo
red stain (Fig. 2). 10 patients included in the study had DCM,
by EMB, 4 of them (40%) were found to have myocarditis.

Four patients did not undergo biopsy because of con-
traindications to the maneuver, 2 had LV thrombus and 2
had a bleeding tendency with INR> 3.

4. Discussion

The main finding in our study was as follows:

1. The in-hospital prevalence of unexplained CM was 1.4%

and myocarditis was 0.63%.
2. Myocarditis proved by pathological examination of EMB

represents 64% of these patients.
3. EMB from the LV using Cook bioptomes via transfemoral

artery sheath is safe and essential in confirming the
diagnosis.

With all modesty, to the best of our knowledge, this is the
first report on the use of transarterial EMB for the diagnosis of
myocarditis in Upper Egypt. EMB is mandatory in suspected

myocarditis of unknown etiology [9]. According to the Dallas
criteria [29], acute myocarditis is defined by lymphocytic infil-
trates in association with cardiomyocyte necrosis. Borderline
myocarditis is characterized by inflammatory infiltrates
t according to biopsy result.



Figure 2 (a) Acute myocarditis showing diffuse infiltrate by mixture of polymorphs and lymphocytes (arrows) with cardiomyocyte

necrosis. (b) Cardiac amyloidosis showing homogenous structureless pink material (amyloid) in between cardiac muscles. (c) Borderline

myocarditis: demonstrating few inflammatory cells without cardiomyocytes necrosis. (d) EMB showing the absence of inflammation or

necrosis and diagnosed as negative for myocarditis (H&Ex400).
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without evidence of cardiomyocyte necrosis. Limitations of
Dallas criteria are high inter-observer variability in interpret-
ing biopsy (especially borderline myocarditis) [29]. EMB is

considered to be positive for inflammation by immune-
histochemical detection of focal or diffuse mononuclear infil-
trates with >14 cells/mm2, in addition to enhanced expression

of HLA class II molecules [7].
None of our patients had any reported complication after

doing EMB in accordance with Karjalainen and Heikkila [30].
The actual prevalence of myocarditis is unknown in our

locality, in accordance with previous reports because the infre-
quency of the disease requires a large study population and the
patient will have to be examined during the early course of the

disease leading to wide variation in the results found [31]. Dur-
ing our study that took one year from the beginning to the end
of 2014, 15 patients were diagnosed as unexplained cardiomy-

opathy and suspected to have myocarditis due to their clinical
presentation out of 1100 patients admitted to cardiology
department complaining of dyspnea or chest pain. Only 7 of
these patients were diagnosed to have myocarditis by EMB

within hospital prevalence of myocarditis 0.63%. This number
is a bit higher compared to a study done by Karjalainen and
Heikkila [30] which included 672 Finnish soldiers in Central

Military Hospital in Helsinki over a 20 year period. All cases
with suspected heart disease (chest symptoms, changes in
ECGs, detection of markers of myocardial injury in serum,

DCM of recent onset) in the hospital were subjected to
EMB, in order to reach a final diagnosis, and 99 patients were
diagnosed myocarditis by EMB within hospital prevalence
0.014%. Another study was done in China in nine hospitals

by Lv et al. [32] on 1709 patients in a 3 year period, and the
prevalence rate was found to be 0.041%. The difference in
the prevalence rates can be explained by the small number of

our studies.
In our study only 7 out of 15 patients (46.6%) were posi-

tively diagnosed as having myocarditis by pathological exam-
ination, and this is in agreement with Yilmaz et al. [20] who

had a 2-center study on 755 patients with clinically suspected
myocarditis. Myocarditis was the most frequent diagnosis in
the study group and was found in 329 (43.6%) of patients. It

is also in agreement with Kasner et al. [33] who had a study
on 43 patients with clinically suspected myocarditis, and 14
(41.2%) of the patients were found to have active myocarditis.

On the other hand, Gilotra et al. [34] studied 236 patients who
presented with acute unexplained HF during the period from
2000 to 2009 and had undergone EMB, and 48 (20.3%) of sus-
pected patients were found to have myocarditis in the biopsy.

Also Mavrogeni et al. [3] studied 20 patients with clinically sus-
pected myocarditis. He found only 25% of patients had proven
myocarditis by EMB. It is also published in a review article by

Veinot [35] that in cases of clinically suspected myocarditis,
only 17–29% are biopsy confirmed.

Results of EMB are usually affected by two opponents, and

the 1st opponent is the fading of infiltration of inflammatory
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cells after treatment or in the late stage of the disease. The 2nd
opponent is sampling errors [36]. These aforementioned fac-
tors made us to adopt the methodology in this study by taking

the biopsies during the early stage of the disease and taking
biopsies from different areas of LV which may help to get
higher results.

In the present study, 10 of the 15 patients (66.6%) had the
picture of dilated cardiomyopathy with EF > 40%, and
myocarditis was found in 4 patients (40%) of them. This is in

agreement with Towbin et al. [37], who had a study on 1426
patients diagnosed as having DCM, 89 centers shared in this
study in North America during the period from 1990 to 2003,
primary DCM was determined by strict criteria, and patients

with disease due to immunologic, endocrine, drug toxicity or
any other cause were excluded. The most common cause, they
found for DCM by EMB was myocarditis in 46% of patients.

However, Tian et al. [36] found in a study on 53 patients that
suffered from unexplained cardiomyopathy during the period
from 2006 to 2009, 19 of the said patients were diagnosed as

DCM by echocardiography, all the patients underwent EMB
and 5 (26.3%) of the 19 were found to have myocarditis by
biopsy. Also, the consensus statement on EMB from the asso-

ciation for European Cardiovascular Pathology and the Society
for Cardiovascular Pathology, stated that myocarditis is found
in about 10% of cases of clinical DCM [1].

This study had several limitations, among which were the

small number of biopsy samples, the absence of ECG and
ECHO data for all screened patients, and the lack of follow-
up. One other shortcoming of this study was the lack of

immune histochemical analysis of biopsy samples and molecu-
lar analysis with DNA-RNA extraction and RI-PCR amplifi-
cation of the viral genome to rule in/out viral etiology was

not performed. However, this is our first report and our main
concern was to develop the system to implement EMB sam-
pling technique and set in motion the process of the preserva-

tion of samples and the onward collaboration with a specialist
in the pathology department to handle and study all cardiac
specimens in this early report of our continuing project on
unexplained CM patients.

5. Conclusion

The in-hospital prevalence of myocarditis is high among

patients with unexplained cardiomyopathy. EMB via femoral
artery is safe and essential in confirming the diagnosis.

Funding

The authors received no specific funding for this work.
Conflicts of interest

The authors have declared that no competing interests exist.

References

1. Leone O, Veinot JP, Angelini A, et al. 2011 consensus statement

on endomyocardial biopsy from the Association for European

Cardiovascular Pathology and the Society for Cardiovascular

Pathology. Cardiovasc Pathol 2012;21:245–74.
2. Blauwet LA, Cooper LT. Myocarditis. Prog Cardiovasc Dis

2010;52:274–88.

3. Mavrogeni S, Bratis K, Georgakopoulos D, et al. Evaluation of

myocarditis in a pediatric population using cardiovascular mag-

netic resonance and endomyocardial biopsy. Int J Cardiol

2012;160:192–5.

4. Mavrogeni S, Bratis K, Terrovitis J, et al. Fulminant myocarditis.

Can cardiac magnetic resonance predict evolution to heart failure?

Int J Cardiol 2012;159:e37–8.

5. Escher F, Tschoepe C, Lassner D, et al. Myocarditis and

inflammatory cardiomyopathy: from diagnosis to treatment. Turk

Kardiyol Dern Ars 2015;43:739–48.

6. Felker GM, Hu W, Hare JM, et al. The spectrum of dilated

cardiomyopathy. The Johns Hopkins experience with 1278

patients. Medicine (Baltimore) 1999;78:270–83.

7. Kindermann I, Barth C, Mahfoud F, et al. Update on myocarditis.

J Am Coll Cardiol 2012;59:779–92.

8. Noutsias M, Rohde M, Goldner K, et al. Expression of functional

T-cell markers and T-cell receptor Vbeta repertoire in endomy-

ocardial biopsies from patients presenting with acute myocarditis

and dilated cardiomyopathy. Eur J Heart Fail 2011;13:611–8.

9. Cooper LT, Baughman KL, Feldman AM, et al. The role of

endomyocardial biopsy in the management of cardiovascular

disease: a scientific statement from the American Heart Associa-

tion, the American College of Cardiology, and the European

Society of Cardiology. Circulation 2007;116:2216–33.

10. Sekiguchi M, Umemura J, Hiroe M, et al. Endomyocardial biopsy:

technique and processing of specimen. Kokyu To Junkan

1988;36:1155–63.

11. Why H. Cardiology update. Endomyocardial biopsy technique.

Nurs Stand 1991;6:49–50.

12. Schulz E, Jabs A, Gori T, et al. Feasibility and safety of left

ventricular endomyocardial biopsy via transradial access: tech-

nique and initial experience. Catheter Cardiovasc Interv

2015;86:761–5.

13. Reitz BA. 50th anniversary landmark commentary on Caves PK,

Stinson EB, Billingham M, Shumway NE. Percutaneous transve-

nous endomyocardial biopsy in human heart recipients: experience

with a new technique. Ann Thorac Surg 1973;16:325–36. Ann

Thorac Surg 2015;99:1875–6.

14. Cooper DK, Fraser RC, Rose AG, et al. Technique, complica-

tions, and clinical value of endomyocardial biopsy in patients with

heterotopic heart transplants. Thorax 1982;37:727–31.

15. From AM, Maleszewski JJ, Rihal CS. Current status of endomy-

ocardial biopsy. Mayo Clin Proc 2011;86:1095–102.

16. Hrobon P, Kuntz KM, Hare JM. Should endomyocardial biopsy

be performed for detection of myocarditis? A decision analytic

approach. J Heart Lung Transplant 1998;17:479–86.

17. Mills AS, Hastillo A, Thompson JA, et al. Expectations and

limitations of endomyocardial biopsy. Can J Cardiol

1985;1:358–62.

18. Salvi A, Silvestri F, Gori D, et al. Endomyocardial biopsy:

experience with 156 patients. G Ital Cardiol 1985;15:251–9.

19. Przybojewski JZ. Endomyocardial biopsy: a review of the litera-

ture. Cathet Cardiovasc Diagn 1985;11:287–330.

20. Yilmaz A, Kindermann I, Kindermann M, et al. Comparative

evaluation of left and right ventricular endomyocardial biopsy:

differences in complication rate and diagnostic performance.

Circulation 2010;122:900–9.

21. Blomstrom-Lundqvist C, Noor AM, Eskilsson J, et al. Safety of

transvenous right ventricular endomyocardial biopsy guided by

two-dimensional echocardiography. Clin Cardiol 1993;16:487–92.

22. Han J, Park Y, Lee H, et al. Complications of 2-D echocardio-

graphy guided transfemoral right ventricular endomyocardial

biopsy. J Korean Med Sci 2006;21:989–94.

23. Amitai ME, Schnittger I, Popp RL, et al. Comparison of three-

dimensional echocardiography to two-dimensional echocardiog-

http://refhub.elsevier.com/S1110-2608(16)30054-0/h0005
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0005
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0005
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0005
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0010
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0010
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0015
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0015
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0015
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0015
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0020
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0020
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0020
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0025
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0025
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0025
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0030
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0030
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0030
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0035
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0035
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0040
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0040
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0040
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0040
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0045
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0045
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0045
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0045
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0045
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0050
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0050
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0050
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0055
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0055
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0060
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0060
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0060
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0060
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0065
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0065
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0065
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0065
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0065
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0070
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0070
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0070
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0075
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0075
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0080
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0080
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0080
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0085
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0085
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0085
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0090
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0090
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0095
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0095
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0100
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0100
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0100
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0100
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0105
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0105
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0105
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0110
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0110
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0110
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0115
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0115


Demographic features and prevalence of myocarditis in patients 35
raphy and fluoroscopy for monitoring of endomyocardial biopsy.

Am J Cardiol 2007;99:864–6.

24. Sloan KP, Bruce CJ, Oh JK, et al. Complications of echocardio-

graphy-guided endomyocardial biopsy. J Am Soc Echocardiogr

2009;22:324.

25. Magnani JW, Dec GW. Myocarditis: current trends in diagnosis

and treatment. Circulation 2006;113:876–90.

26. Kubica J, Gil RJ, Pieniazek P. Guidelines for coronary angiog-

raphy. Kardiol Pol 2005;63:S491–500.

27. Veinot JP. Diagnostic endomyocardial biopsy pathology–general

biopsy considerations, and its use for myocarditis and cardiomy-

opathy: a review. Can J Cardiol 2002;18:55–65.

28. Veinot JP. Diagnostic endomyocardial biopsy pathology: sec-

ondary myocardial diseases and other clinical indications – a

review. Can J Cardiol 2002;18:287–96.

29. Baughman KL. Diagnosis of myocarditis: death of Dallas criteria.

Circulation 2006;113:593–5.

30. Karjalainen J, Heikkila J. Incidence of three presentations of acute

myocarditis in young men in military service. A 20-year experi-

ence. Eur Heart J 1999;20:1120–5.
31. Friman G. The incidence and epidemiology of myocarditis. Eur

Heart J 1999;20:1063–6.

32. Lv S, Rong J, Ren S, et al. Epidemiology and diagnosis of viral

myocarditis. Hellenic J Cardiol 2013;54:382–91.

33. Kasner M, Sinning D, Escher F, et al. The utility of speckle

tracking imaging in the diagnostic of acute myocarditis, as proven

by endomyocardial biopsy. Int J Cardiol 2013;168:3023–4.

34. Gilotra NA, Minkove N, Bennett MK, et al. Lack of relationship

between serum cardiac troponin I level and giant cell myocarditis

diagnosis and outcomes. J Card Fail 2016;22(7):583–5.

35. Veinot JP. Endomyocardial biopsy–when and how? Cardiovasc

Pathol 2011;20:291–6.

36. Tian Z, Zeng Y, Cheng KA, et al. Importance of endomyocardial

biopsy in unexplained cardiomyopathy in China: a report of 53

consecutive patients. Chin Med J (Engl) 2010;123:864–70.

37. Towbin JA, Lowe AM, Colan SD, et al. Incidence, causes, and

outcomes of dilated cardiomyopathy in children. JAMA

2006;296:1867–76.

http://refhub.elsevier.com/S1110-2608(16)30054-0/h0115
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0115
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0120
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0120
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0120
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0125
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0125
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0130
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0130
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0135
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0135
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0135
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0140
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0140
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0140
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0145
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0145
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0150
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0150
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0150
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0155
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0155
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0160
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0160
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0165
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0165
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0165
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0170
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0170
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0170
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0175
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0175
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0180
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0180
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0180
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0185
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0185
http://refhub.elsevier.com/S1110-2608(16)30054-0/h0185

	Demographic features and prevalence of myocarditis in patients undergoing transarterial endomyocardial biopsy for unexplained cardiomyopathy
	1 Introduction
	2 Methods
	2.1 Study group and design
	2.2 Patients diagnosis protocol
	2.3 Cardiac catheterization
	2.4 Endomyocardial biopsy (EMB)
	2.5 Histopathological analysis
	2.6 Study end points
	2.7 Statistical analysis

	3 Results
	3.1 Patients’ characteristics
	3.2 Symptoms, ECG and ECHO findings
	3.3 Distribution of patient according to biopsy results

	4 Discussion
	5 Conclusion
	Funding
	Conflicts of interest
	References


