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Abstract Endomyocardial biopsy (EMB) is a common

procedure used to aid in the diagnosis, prognosis and

treatment of suspected pediatric cardiomyopathy. In sus-

pected cardiomyopathy, no multicenter experience has

previously reported on the safety and utility of EMBs.

Retrospectively, adverse event (AE) and patient and pro-

cedural characteristics were obtained at seven institutions

participating in the Congenital Cardiac Catheterization

Outcomes Project for both a cardiomyopathy (n = 158)

and a post-transplant surveillance (n = 2665) cohort.

Descriptive information regarding biopsy indication,

pathology and clinical management based on EMB find-

ings were retrospectively obtained. High-severity AEs

were more common in the cardiomyopathy cohort when

compared to the post-transplant surveillance cohort. The

cardiomyopathy cohort was younger, more hemodynami-

cally vulnerable and required more cardiorespiratory

support during the procedure. The eight high-severity AEs

in the cardiomyopathy group included one myocardial

perforation, two ECMO cannulations and three deaths

following the EMB. Factors associated with high-severity

AEs included performing another catheter-based interven-

tion during the EMB and longer fluoroscopy time. Notably,

an increased number of biopsy attempts did not increase

the risk of an AE. Suspected myocarditis was the most

common indication. Diagnostic EMB pathology and thus

alteration to clinical management based on pathology

occurred more frequently in patients with suspected

myocarditis. In conclusion, there is an increased incidence

of high-severity AEs in patients undergoing EMB for

suspected cardiomyopathy. EMB may be more clinically

useful in the management of suspected myocarditis. The

increased risk of high-severity AEs when additional inter-

ventions are performed highlights the hemodynamic vul-

nerability in patients with suspected cardiomyopathy.
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Introduction

Cardiomyopathies are a heterogeneous group of myocar-

dial diseases that alter systolic or diastolic performance as a

result of mechanical or electrical dysfunction of the heart

[1]. Although cardiomyopathies can be classified by

echocardiography into dilated (DCM), restrictive (RCM),

hypertrophic (HCM), and arrhythmogenic right ventricular

cardiomyopathy (ARVC), identifying the specific etiology

of heart failure can guide management and provide

important prognostic information [2]. Depending upon the

etiology of the diagnosis, the clinical outcomes of children
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with cardiomyopathy are highly variable with 5-year

transplant-free survival ranging from 20 to 94 % [3].

Endomyocardial biopsy (EMB) is a common cardiac

interventional procedure used to aid in the diagnosis,

prognosis and treatment of cardiomyopathies [4]. However,

due to the lack of prospective studies describing the utility

of EMB, current recommendations are based on case–

control series and expert opinion [4]. In 2007, the Ameri-

can Heart Association (AHA), the American College of

Cardiology (ACC), and the European Society of Cardiol-

ogy (ESC) endorsed a scientific statement outlining clinical

scenarios in which EMBs are recommended [4]. The con-

sensus statement highlighted the paucity of published lit-

erature addressing the safety and efficacy of EMB in

children. Due to the lack of studies defining the utility and

risks of EMB in pediatric cardiomyopathy patients, prac-

titioners must rely on clinical judgment when deciding to

refer their patient for an EMB [5].

Several single-center case series have retrospectively

reviewed the safety of EMB in children. The studies report

serious adverse event (AE) rates between 1 to 10 % and

myocardial perforation rates as high as 5.2 % in children

undergoing EMB [5–8]. Utilizing the Congenital Cardiac

Catheterization Outcomes Project (C3PO) database, Daly

et al. previously reported a 1 % rate of high-severity AEs

associated with performing EMBs in the post-transplant

surveillance population. These studies are often cited when

describing the risk and utility of EMB in children with

suspected cardiomyopathy; however, they are limited in

either their retrospective nature, long periods of data col-

lection or over-representation of post-transplant surveil-

lance EMBs in the study population.

In this study, we queried the C3PO database to com-

prehensively examine risk factors associated with EMBs

that resulted in AEs during cardiac catheterization proce-

dures in pediatric patients with a suspected cardiomyopa-

thy. We also sought to describe the utility of EMB in the

management of pediatric cardiomyopathy by examining

the influence pathology results had on the diagnosis and

clinical management.

Methods

Congenital Cardiac Catheterization Outcomes

Project (C3PO) Database

The C3PO is a multi-institutional, collaborative database of

patient, procedural, and AE characteristics collected in a

cross-sectional manner via a Web-based data entry tool [9].

Following IRB approval with a waiver for informed con-

sent at each center, data collection began on February 1,

2007 at six institutions and two additional centers were

incorporated in April 2008 and June 2009 (‘‘Appendix’’).

All eight centers concluded data collection on June 30,

2010. As previously described, the occurrence of an AE

was documented at the time of the procedure and updated

for late AEs by the operating physician following the case

[9]. Detailed data collection, validation and auditing have

been previously published and demonstrated reliable cap-

ture of high-severity AEs (Level 3, 4, or 5) [10]. Classifi-

cation of AE severity (ranging from Level 1–5) and

attributability were based on established nomenclature

(Supplemental Table 1) [9, 10].

Study Cohort

A retrospective review of all consecutive cases collected in

the C3PO database between February 1, 2007 and June 30,

2010 was performed. The first case for any given patient

recorded in the C3PO database with an intervention code

listed as ‘‘RV biopsy diagnostic’’ or ‘‘Biopsy site not RV’’

was identified and cross-referenced with the indication for

cardiac catheterization to ensure all suspected myocarditis,

cardiomyopathy and new-onset heart failure biopsies were

captured. One of the eight C3PO study centers did not

perform any EMBs in subjects with a suspected car-

diomyopathy during the study period, thus only seven

centers were included in our cohort. A contemporaneous

post-transplant cohort captured in the C3PO database that

had undergone surveillance EMBs to screen for allograft

rejection was used as a comparison group. The character-

istics of the contemporaneous post-transplant surveillance

population have been previously described in detail by

Daly et al. [11].

Collected Data

Variables acquired included patient characteristics (age,

weight, gender, diagnosis), case descriptions (admission

status, case type, respiratory support, inotropic support, use

of extracorporeal membrane oxygenator, case length, flu-

oroscopy time), hemodynamic parameters (mixed venous

saturation, cardiac index, left ventricular end diastolic

pressure or mean pulmonary capillary wedge pressure) and

AE data (severity level, attributability). A separate IRB

was approved with a waiver for informed consent at six of

the seven participating centers where an attending pediatric

cardiologist retrospectively reviewed each subject’s medi-

cal record to collect further data regarding the EMB.

Objective data acquired included the EMB pathology

interpretation, the type of special stains used on the EMB

and whether a viral PCR was performed. Subjective data

obtained included determining if the primary indication for

cardiac catheterization was the EMB itself, if the EMB

pathology was diagnostic and if the EMB changed the
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clinical management of the patient subsequently. Finally,

in order to understand practice variability among the par-

ticipating centers, we completed a post hoc online survey

examining the reasoning behind indications for endomy-

ocardial biopsy and additional diagnostic testing the cen-

ters performed.

Primary Outcome Variables

The primary endpoint for the safety analysis was defined

by the occurrence of high-severity AEs associated with an

EMB. We hypothesized that EMBs could be safely per-

formed in children with a low rate of total and high-

severity AEs. In addition, we hypothesized that the inci-

dence of cardiac perforation associated with performing an

EMB was appreciably lower than previously reported by

Pophal et al. [7] (0.9 % overall, 5.4 % in children less than

10 kg). The utility of obtaining an EMB in pediatric car-

diomyopathies was descriptive in nature and highlighted

the diagnostic and clinical management strategies among

centers based on the results of the EMB.

Statistical Methods

Categorical variables were summarized as frequencies and

percentages. Comparisons between categorical variables

were made utilizing Chi-square analysis or Fisher’s exact

test, as appropriate. Continuous variables were presented as

mean ± standard deviation or median with interquartile

ranges [25th %, 75th %]. Comparisons among continuous

variables were made either by the student t test or the

Wilcoxon rank-sum test, depending upon the normality of

distribution. Univariate analyses were performed and a

two-sided p value of \0.05 was considered statistically

significant. Multivariable modeling was not performed

because the high-severity AE rate was too low to support

such a model. Statistical analysis was performed using SAS

v9.3 (SAS Institute Inc., Cary, NC).

Results

Patient and Procedural Characteristics

Overall, 158 individual subjects with a suspected car-

diomyopathy underwent cardiac catheterization involving

an EMB at seven C3PO centers over the course of the

40-month study period. Compared to the previously pub-

lished cohort of 2665 cardiac transplant recipients who

underwent surveillance post-transplant EMB, the car-

diomyopathy cohort was younger (12.6 years old [4.8,

16.7] vs. 10.6 [1.8, 15.9]; p\ 0.01), had a lower cardiac

index (3.3 L/min/m2 ± 1.2 vs. 3.7 ± 1.2; p\ 0.01), and a

higher left-sided filling pressure (14.8 mmHg ± 7.9 vs.

10.8 ± 4.4; p\ 0.01; Table 1). EMBs in the cardiomy-

opathy group were more likely to be performed on an

urgent or emergent basis when compared to the post-

transplant group (63.3 vs. 7.2 %; p\ 0.01; Table 1).

Cardiac catheterizations performed in the suspected car-

diomyopathy group were more likely to be performed with

the assistance of inotropic agents (37 vs. 3 %; p\ 0.01),

mechanical circulatory support (9 vs. 0.4 %; p\ 0.01) and

mechanical ventilation (68 vs. 49 %; p\ 0.01) when

compared to the post-transplant surveillance cohort

(Table 1). In addition to performing an EMB, additional

interventions at the time of cardiac catheterization were

more likely to occur in the cardiomyopathy cohort when

compared to the post-transplant surveillance group (78 vs.

2 %; p\ 0.01; Table 1). The indications for EMB in the

cardiomyopathy cohort were suspected myocarditis in

36 %, new-onset heart failure in 14 %, dilated cardiomy-

opathy in 22 %, restrictive cardiomyopathy in 10 %,

hypertrophic cardiomyopathy in 5 %, arrhythmia in 7 %,

and other in an additional 7 % (Table 2).

Patient and Procedural Risk Factors for High-

Severity Adverse Events

Within the cardiomyopathy cohort, 16 total AEs occurred

during or following 10 % of EMB cases, which is three

times the rate seen in the post-transplant surveillance

cohort (p\ 0.01; Table 1). Half of the AEs were classified

as high-severity and occurred during 5 % of suspected

cardiomyopathy EMB cases, a much higher incidence than

the 1.1 % observed in the post-transplant surveillance

population (p\ 0.01; Table 1). Highlighting the dispro-

portionate occurrence of AEs between the two groups,

there were a total of three catastrophic (Level 5) AEs in the

cardiomyopathy EMB cohort, all of which resulted in death

of the patient, in comparison to no deaths in the post-

transplant surveillance group (p\ 0.01; Table 1).

Performance of an additional catheter-based interven-

tion was the characteristic most significantly associated

with high-severity AEs with none occurring in cases where

the EMB was the only intervention (p\ 0.01; Table 3).

The most common additional intervention performed was

creation or dilation of an atrial septal defect (n = 15).

Longer fluoroscopy time was associated with those who

experienced a high-severity AE (23 min [15, 53] vs. 13 [9,

21]; p = 0.03); however, corrected case length (which

represents total case length minus the time added to man-

age an adverse event) was not significantly longer than

those who experienced a high-severity AE (109 min [47,

195] vs. 65 [42, 86]; p = 0.09; Table 3). While cardiac

index was lower (3.3 L/min/m2 ± 1.1 vs. 3.7 ± 2.5;

p = NS), and left-sided filling pressure was higher
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(14.6 mmHg ± 7.7 vs. 19 ± 11; p = NS), in subjects

experiencing a high-severity AE, this difference did not

reach statistical significance (Table 3). There were no other

differences in rate of high-severity AEs relative to other

collected patient or procedural variables, including number

of biopsy attempts (Table 3).

Adverse Event Description and Attributability:

Cardiomyopathy Cohort

During the study period, one Level 1 and seven Level 2

AEs occurred. The Level 1 AE involved a circumferential

balloon rupture while placing an atrial septal stent

Table 1 Comparison of patient

and procedural characteristics

between post-transplant and

suspected cardiomyopathy EMB

cohorts

Post-transplant EMB (n = 2665) CM EMB (n = 158) p value

Age (year) 12.6 [4.8, 16.7] 10.6 [1.8, 15.9] \0.01

Weight (kg) 36.5 [16.7, 56.8] 35 [11, 60] NS

Male (%) 1447 (54) 89 (56) NS

Admission status (%)

Elective 2475 (93) 58 (37) \0.01

Urgent 185 (7) 84 (53)

Emergent 5 (0.2) 16 (10)

Cardiorespiratory support (%)

Mechanical ventilation 1305 (49) 109 (69) \0.01

Inotropes 70 (2.6) 59 (37) \0.01

ECMO 11 (0.4) 15 (9) \0.01

Case type (%)

EMB only 2611 (98) 36 (23) \0.01

EMB ? intervention 54 (2) 122 (77)

Cases with any AE (%) 88 (3.3) 16 (10) \0.01

Cases with high-severity AE (%) 28 (1.1) 8 (5) \0.01

Death related to AE (%) 0 3 (2) \0.01

Hemodynamic parameters

Cardiac index (L/min/m2) 3.7 ± 1.2 3.3 ± 1.2 \0.01

Mixed venous saturation (%) 71 ± 7 66 ± 9 \0.01

LVEDp or mPCWP (mmHg) 10.8 ± 4.4 14.8 ± 7.9 \0.01

EMB endomyocardial biopsy, CM cardiomyopathy, ECMO extracorporeal membrane oxygenator, AE

adverse event, LVEDp left ventricular end diastolic pressure, mPCWP mean pulmonary capillary wedge

pressure

Table 2 Indication for EMB, utility in diagnosis, and effect on clinical management

Indication for EMB n (%) EMB was the primary

indication for catheterization

n (%)

EMB resulted in a

clinical diagnosis

n (%)

EMB changed clinical

management

n (%)

Overall 141 (100) 82 (58) 65 (46) 45 (32)

Suspected myocarditis 50 (36) 37 (74) 31 (62) 25 (50)

New-onset heart failure 21 (15) 11 (55) 5 (25) 4 (21)

Dilated CM 30 (21) 13 (43) 8 (27) 3 (10)

Restrictive CM 14 (10) 7 (50) 6 (43) 6 (43)

Hypertrophic CM 7 (5) 3 (43) 4 (57) 1 (14)

Arrhythmia 9 (6) 0 3 (33) 1 (11)

Miscellaneous 10 (7) 4 (44) 3 (33) 1 (11)

Results from 141 of the 158 cases in the study cohort were obtained

EMB endomyocardial biopsy, CM cardiomyopathy
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(Table 4). The Level 2 AEs included an atrial tach-

yarrhythmia related to performing an EMB, transient

hypotension attributed to anesthesia, transient ST-T wave

changes, pulse loss at the vascular access site, and throm-

bus noted on the right atrial side of an atrial septal defect

closure device post-cardiac catheterization. Two Level 3

AEs occurred and included a patient with repeated episodes

of hemodynamically significant supraventricular tachycar-

dia requiring electrical cardioversion and malposition of an

atrial septal defect stent that was ultimately repositioned in

the inferior vena cava. Three Level 4 AEs occurred and

included ventricular fibrillation during catheter manipula-

tion requiring defibrillation, interruption in an extracorpo-

real membrane oxygenator (ECMO) circuit during

transport requiring volume resuscitation and a single

myocardial perforation following EMB that required

treatment with pericardiocentesis.

The subject who suffered a myocardial perforation

during the EMB was the only high-severity AE directly

attributed to the EMB intervention itself (Table 4). The

patient was a 12.5-kg, 12-month-old with suspected

myocarditis secondary to complete heart block. Hypoten-

sion was noted following acquisition of the third biopsy

sample and a pericardial effusion was confirmed by

echocardiography. The perforation was treated with

emergent pericardiocentesis, protamine for heparin reversal

and fluid resuscitation. The patient was stabilized, trans-

ferred to the intensive care unit for monitoring and the

pericardial drain was uneventfully removed the following

day.

Table 3 Cardiomyopathy patient and procedural characteristics

CM EMB without AE (n = 150) CM EMB with high-severity AE (n = 8) p value

Age [year (%)]

\1 26 (17) 1 (13) NS

1–9 44 (29) 4 (50)

C10 80 (53) 3 (38)

Weight [kg (%)] (n = 157)

\4 5 (3) 1 (13) NS

4–9 23 (15) 1 (13)

10–19 30 (20) 2 (25)

C20 91 (60) 4 (50)

Male (%) 84 (55) 5 (63) NS

Admission status (%)

Elective 56 (37) 2 (25) NS

Urgent 82 (54) 4 (50)

Emergent 14 (9) 2 (25)

Cardiorespiratory support (%)

Mechanical ventilation 101 (66) 8 (100) NS

Inotropes 55 (36) 4 (50) NS

ECMO 14 (9) 1 (13) NS

Case type (%)

EMB only 36 (24) 0 \0.01

EMB ? intervention 116 (76) 8 (100)

Hemodynamic parameters

Cardiac index (L/min/m2) 3.3 ± 1.1 3.7 ± 2.5 NS

Mixed venous saturation (%) 66 ± 9 62 ± 15 NS

LVEDp or mPCWP (mmHg) 14.6 ± 7.7 19 ± 11 NS

Number of biopsy attempts (n = 65) 6 [4, 7] 5 [4, 6] NS

Number of biopsy specimens (n = 65) 5 [4, 6] 4 [4] NS

Case length (min) 65 [42, 86] 109 [47, 195] NS

Fluoroscopy time (min) 13 [9, 21] 23 [15, 53] 0.03

CM cardiomyopathy, EMB endomyocardial biopsy, AE adverse event, ECMO extracorporeal membrane oxygenator, LVEDp left ventricular end

diastolic pressure, mPCWP mean pulmonary capillary wedge pressure
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Finally, there were three catastrophic, Level 5 AEs (2 %

of total cases) that resulted in the death (Table 4). One

death occurred in a 12-year-old diagnosed with restrictive

cardiomyopathy that developed complete heart block fol-

lowing reversal of anesthesia and was unable to be resus-

citated despite attempts at ECMO used to support

cardiopulmonary resuscitation (E-CPR). A second death

occurred in a patient brought to the catheterization lab with

incessant and medically refractory ventricular arrhythmias

secondary to suspected myocarditis. Upon placement of a

right subclavian sheath, the patient developed sustained

ventricular tachycardia that degenerated into ventricular

fibrillation. The patient was subsequently cannulated onto

ECMO, but attempts at resuscitation were unsuccessful.

The third death occurred in a patient with new-onset heart

failure who was subsequently found to have left main

coronary artery (LMCA) stenosis that was stented during

the same procedure as the EMB. The following day, the

patient became hypotensive and bradycardic requiring

initiation of E-CPR. While the patient was in ventricular

fibrillation, subsequent angiography revealed partial

thrombosis of the recently placed LMCA stent prompting

transfer of the patient to the operating room where attempts

at surgical repair were unsuccessful. The patient subse-

quently suffered a catastrophic stroke while on ECMO and

the parents ultimately decided to redirect care with removal

of life-sustaining therapies.

Practice Variation in the Performance

of Endomyocardial Biopsy

Five of the seven centers that contributed cases responded

to our post hoc practice variation survey. Based on the

survey, the most common indication for referral for EMB

was suspected myocarditis, though 3 of the 5 centers

estimated that less than 33 % of the patients with sus-

pected myocarditis were referred for EMB. These centers

reported that patients with suspected myocarditis always

had an echocardiogram performed and usually had a

molecular marker of cardiac damage (i.e., troponin-T,

CK-MB) performed. Three of the five centers performed

cardiovascular magnetic resonance imaging (CMR)

exclusively in patients with suspected myocarditis and all

of the responding centers believed that CMR was per-

formed more often than EMB in patients with suspected

myocarditis.

Table 4 Adverse event attributability

Adverse event characteristic All levels

(n = 16)

Level 1

(n = 1)

Level 2

(n = 7)

Level 3

(n = 2)

Level 4

(n = 3)

Level 5

(n = 3)

Biopsy 2 – 1 – 1 –

Atrial arrhythmia 1 – 1 – – –

Myocardial perforation 1 – – – 1 –

Coronary angiography – – – – – –

Sedation or airway 1 – 1 – – –

Hypotension 1 – 1 – – –

General catheterization 8 – 3 1 2 2

Asystole 1 – – – – 1

Atrial arrhythmia 2 – 1 1 – –

Non-specific ST-T change 2 – 2 – – –

Other equipment problem 1 – – – 1 –

Ventricular arrhythmia 2 – – – 1 1

Access 1 – 1 – – –

Pulse loss 1 – 1 – – –

Angioplasty 1 1 – – – –

Circumferential balloon

rupture

1 1 – – – –

Stent 2 – – 1 – 1

Stent malposition 1 – – 1 – –

Ventricular arrhythmia 1 – – – – 1

Device 1 – 1 – – –

Device thrombus 1 – 1 – – –
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Utility of Endomyocardial Biopsy in New-Onset

Cardiomyopathy

Among the entire study cohort and in agreement with the

survey results, EMB was the primary indication for cardiac

catheterization most often in patients with suspected

myocarditis (Table 2). EMB was most likely to be diag-

nostic in patients with either suspected myocarditis,

hypertrophic or restrictive cardiomyopathy (Table 2). Of

the 50 patients who had undergone EMB for suspected

myocarditis, a pathologic diagnosis was made in 31

patients (62 %); 29 with a final diagnosis of acute

myocarditis and the other 2 diagnosed with dilated car-

diomyopathy. The 19 non-diagnostic EMBs for suspected

myocarditis consisted of 4 subjects whose final clinical

diagnosis were acute myocarditis and 6 subjects ultimately

diagnosed with dilated cardiomyopathy. The remaining

diagnoses included congenital complete heart block,

myocardial infarction, and multisystem organ failure sec-

ondary to bacterial sepsis. The results of the EMB changed

clinical management 50 % of the time in patients with

suspected myocarditis and 43 % of the time in patients

with restrictive cardiomyopathy (Table 2).

Discussion

Safety of Endomyocardial Biopsy in Children

with Cardiomyopathy

Our study is the first multicenter experience to report on the

safety and diagnostic yield of EMB in children with car-

diomyopathy, myocarditis and/or new-onset heart failure.

The study illustrates that the risk of AEs during cardiac

catheterization procedures involving EMB in children with

suspected cardiomyopathy is substantially higher than the

risk of AEs in the post-transplant population. The 2665

patients who underwent EMB for post-transplant surveil-

lance within the C3PO database only experienced a 1.1 %

rate of high-severity AEs and had no documented cases of

cardiac perforation or death [11]. Conversely, our study

demonstrated a 5 % rate of high-severity AEs in subjects

who underwent EMB for suspected cardiomyopathy at the

same centers and during the same time period within the

C3PO database. In addition, there was a single occurrence

of cardiac perforation and three catastrophic events within

our suspected cardiomyopathy cohort.

Comparing our findings to previously published single-

institution case series is challenging since most reports do

not separate out the cardiomyopathy patients and the

majority of the reported procedures were performed in

heart transplant recipients [6–8, 11–16]. However, Pophal

et al. [7] presented approximately 150 children who had

undergone an EMB to diagnose cardiomyopathy among a

larger cohort of 1000 total EMB procedures. Sub-analysis

of the non-transplant cohort demonstrated a 9 % incidence

of serious complications, compared to an overall incidence

of serious complications in 2 % of the study population

when the transplant cohort was included. In addition, car-

diac perforation occurred in 5 % of the non-transplant

biopsy cases [7]. Cowley et al. described 1051 EMBs

performed in children of which 8 % were conducted to aid

in the diagnostic workup of cardiomyopathy [4]. The

overall AE rate was 1 % and sub-analysis of the car-

diomyopathy cohort found only one of the 82 EMBs

(1.2 %) resulted in a serious AE [14]. In both studies,

procedural complications were defined as an AE that

required additional treatment or observation, a similar

definition to our own high-severity AEs. The variability in

the rate of high-severity AEs between the contemporary

data and these two studies may be due to differences in

patient selection for EMB, changes in EMB technique, and

availability of new equipment [7].

The increased incidence of total and high-severity AEs

in the suspected cardiomyopathy cohort compared to the

post-transplant population is undoubtedly influenced by the

underlying severity of illness. Poor hemodynamic param-

eters, the need for additional cardiorespiratory support and

a substantial percentage of patients undergoing supple-

mentary catheter-based interventions at the time of the

EMB highlight the population’s fragile physiologic state.

Univariate analysis within our study identified additional

catheter-based interventions and longer fluoroscopy time as

factors associated with the occurrence of a high-severity

AE. Other associations may exist but may not have been

elucidated due to our small patient population and low

number of high-severity AEs resulting in limited power.

Only one of the eight high-severity AEs within our cohort

was attributed to the EMB itself. Thus, the need and per-

formance of additional catheter-based interventions

appears to raise the occurrence risk of a high-severity AE.

However, only 52 percent of the catheterizations (64 out of

124) were performed with the primary indication of

obtaining an EMB. The most common additional catheter-

based intervention was the creation or dilation of an atrial

septal defect, most likely for left atrial decompression

while on ECMO. Similar to Eastaugh et al., we had only

one high-severity AE that was attributed to left atrial

decompression while on ECMO [17]. Finally, the associ-

ation of high-severity AEs with longer fluoroscopy times is

likely due to either the performance of additional catheter-

based interventions that require fluoroscopy to complete or

that additional fluoroscopy was necessary to manage an

adverse event that occurred during the case. It is unlikely

that longer fluoroscopy time itself results in a high-severity

AE. Finally, it is important to note there were no reported
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episodes of permanent conduction system disturbance or

injury to the tricuspid valve seen in the cardiomyopathy

cohort—both of which are associated with multiple EMB

procedures in the heart transplant population [18, 19].

Cardiac Perforation

The danger of myocardial perforation is frequently cited as

a clinical concern when assessing the risk of performing

EMBs in children, specifically in patients with dilated car-

diomyopathy and myocarditis. Prior reports have identified

younger age, smaller size, inotrope use and suspected

myocarditis to be risk factors for cardiac perforation [7].

Others have speculated that this may be due to thin ven-

tricular walls in patients with dilated cardiomyopathy and/

or myocarditis [7]. However, this hypothesis was not sup-

ported in a large adult EMB series where all of the cardiac

perforations occurred in patients without a dilated pheno-

type [18]. A recent case series reported that cardiac perfo-

ration occurred in 4 % of EMB procedures performed in

children less than 1 year of age—with a weight less than

8 kg and age less than 6 months being the primary risk

factors [5]. The single cardiac perforation in our series

occurred in a subject with suspected myocarditis secondary

to complete heart block and precludes an independent risk

factor analysis. The subject would not have been considered

high-risk based on previous publications, as the patient was

12.5 kg and 12 months old [5]. In addition, nearly 20 % of

our suspected cardiomyopathy cohort weighed less than

10 kg and 17 % were under a year of age. However, the low

incidence may be result of a change in practice based on

previously published data and improvement in biopsy

equipment and techniques. Nonetheless, the risks and ben-

efits of EMB should be carefully weighed in small infants

less than 8 kg. Given the increased risk for cardiac perfo-

ration, consideration could be given in the future for the use

of echocardiography to confirm bioptome position prior to

each attempt in infants under 8 kg [20].

Practice Variation in EMB in Patients

with Suspected Myocarditis

A recent report analyzing the Pediatric Health Information

System (PHIS) database showed a clear statistical trend

toward fewer EMBs and more CMRs in children with

myocarditis between 2006 and 2011 [21]. The study

demonstrated a fivefold increase in the use of CMR over

the 5-year study period (from 5.2 to 28.1 %) with a con-

comitant decline in the rate of EMB (from 24.7 to 14 %)

procedures [21]. Looking at the EMB case mix, the pro-

portion of EMBs performed in children with a suspected

cardiomyopathy relative to the number of total EMBs is

lower in the C3PO cohort (5.6 % of biopsy cases)

compared to single-center historical cohorts (Pophal et al.

reported 15.4 % and Cowley et al. described 7.8 %)

[7, 14]. In fact, the number of subjects with a suspected

cardiomyopathy in the Pophal et al. [7] series actually

exceeded the number of post-transplant surveillance sub-

jects (123 vs. 90). In the C3PO database, 158 individual

subjects underwent EMB for evaluation of a suspected

cardiomyopathy and 744 individual post-transplant sub-

jects underwent EMB for evaluation of rejection suggest-

ing a shift in EMB utilization [11]. This shift in EMB

utilization was supported by the post hoc survey of cardi-

ologists at the participating C3PO centers that suggested

that CMR was being utilized more often than EMB in

patients with suspected myocarditis. Just as we found

center-based variation in the number of suspected car-

diomyopathy EMBs, the PHIS analysis suggested that the

differences in the diagnostic approach to myocarditis were

regional with EMBs performed more often in the north-

eastern USA compared the central USA where CMR was

more commonly utilized [21].

In 1991,Gagliardi et al. [22] first described the application

of CMR to aid in the diagnosis of myocarditis in children.

Since then, several clinical studies have attempted to support

the diagnostic utility of CMR in patients with myocarditis

[23–36]. Although the publications provide evidence for the

use of CMR, it is important to acknowledge most of these

studies are single-center reports with small sample sizes,

variable inclusion criteria, differing CMR protocols, varying

diagnostic criteria and do not routinely validate the diagnosis

with an EMB sample. Furthermore, the prognostic value of

CMR remains unclear, as criteria have not been extensively

defined to aid in predicting functional recovery in subjects

with myocarditis [37]. Due to these findings, the ACC

recently published a Journal of American College of Cardi-

ology (JACC) White Paper regarding the use of CMR in

myocarditis [38]. The consensus group recommended that

CMR should be used as part of the comprehensive diagnostic

approach to patients with suspected myocarditis [38]. In

addition, the group determined that the CMR report should

include information regarding left ventricular volumes, left

ventricular function, and the presence or absence of markers

of inflammation through the use of T2-weighted images and

early and late-gadolinium enhancement [38]. The recom-

mendation for a follow-up CMR by the consensus group was

4 weeks after the onset of symptoms to provide important

prognostic information for the patient [38].

Utility of Endomyocardial Biopsy in Children

with Cardiomyopathy

The workup of children with a suspected cardiomyopathy

requires the integrated synopsis of serum biomarkers,

noninvasive imaging, cardiac catheterization and clinical
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history in order to arrive at an etiologic diagnosis, provide

important prognostic information, and direct clinical deci-

sion making. As a result, there is variation in how patients

are evaluated between physicians and centers. The role of

EMB in determining the etiology of myocardial failure in

children remains poorly defined. Although no current

guidelines recommend the universal utilization of EMB in

diagnosing suspected cardiomyopathies, it does remain the

‘‘gold standard’’ for diagnosis of myocardial disease [4].

The 2007 AHA/ACC/ESC scientific statement gave EMB a

class I recommendation in patients with new-onset heart

failure of\2 weeks duration with a normal-sized or dilated

left ventricle and hemodynamic compromise [4]. Unex-

plained cardiomyopathy in children was given a class IIa

recommendation with level of evidence C. Since these are

important and difficult clinical questions to address, we

retrospectively surveyed pediatric cardiologists to review

the role of EMB in arriving at an etiological diagnosis and

whether the EMB result aided in clinical decision-making.

We found that for patients with suspected myocarditis and

hypertrophic cardiomyopathy, the EMB resulted in a

clinical diagnosis more than half of the time. The patho-

logical results of the EMB were most useful in guiding

clinical management in patients with suspected myocarditis

or restrictive cardiomyopathy.

There are limitations to EMBs, however, that must be

considered. First the sensitivity of EMB is limited due to

sampling error [39]. Second, there is debate among several

professional organizations regarding the diagnostic criteria

for analyzing myocardial pathology [40]. Finally, several

publications have demonstrated poor inter-observer agree-

ment among pathology sample findings [41]. In addition,

the National Australian Childhood Cardiomyopathy study

found 36 % of the children presenting with a phenotypi-

cally dilated cardiomyopathy had evidence of lymphocytic

myocarditis on histology [42]. This is corroborated by a

publication reporting nearly 30 % of explanted hearts

undergoing orthotopic heart transplantation for phenotypi-

cally dilated cardiomyopathy were also found to have

lymphocytic infiltration [42]. It has been suggested that

routine clinical use of EMB in children presenting with

acute decompensated heart failure allows for identification

of patients with myocarditis who have a better long-term

prognosis and can guide listing decisions for heart trans-

plantation as well as reducing the incidence of lymphocytic

infiltrate seen at explantation [43].

Study Limitations

Our study should be considered in light of several limita-

tions. Data analysis was performed retrospectively and thus

is subject to the inherent constraints of data collection. In

addition, data collection was completed 5 years prior to

publication of our study; however, there has not been a

programmatic change in the indication and performance of

endomyocardial biopsies during this time period and thus

our data likely still represents current practice. As previ-

ously published in papers utilizing the C3PO database, the

reliability of event reporting varies at individual centers

and random misclassification of certain data elements in

the manual data entry tool can occur. Although the study

represents the largest cohort of children undergoing EMB

for suspected cardiomyopathy to date, there still were only

eight high-severity AEs that occurred in the cohort pro-

hibiting multi-variable analysis of risk factors. There is a

selection bias in patients who underwent EMB that likely

biased the study population toward sicker patients who are

more vulnerable to adverse events. Thus the adverse event

rates may be different in stable patients with cardiomy-

opathy. Finally, data collection regarding indication for

biopsy, diagnostic yield, and impact on clinical manage-

ment was obtained through retrospective chart review and

may be subject to misclassification bias.

Conclusions

There is an increased incidence of high-severity AEs in

patients undergoing EMBs for suspected cardiomyopathy

when compared to the post-transplant surveillance popula-

tion—highlighting the vulnerability of this patient popula-

tion. High-severity AEs in the suspected cardiomyopathy

cohort were associated with additional catheter-based pro-

cedures and longer fluoroscopy time. Among patients with a

suspected cardiomyopathy, EMB appears to be most clini-

cally relevant in the management of suspected myocarditis

and restrictive cardiomyopathy. Since EMB has an estab-

lished role in the identification and prognostic stratification

of patients presenting with possible myocarditis, a prospec-

tive multicenter study of the performance characteristics of

standardized CMR sequences to pathologic EMB diagnosis

for myocarditis is necessary. In addition, a prospective

multicenter study within the pediatric cardiomyopathy reg-

istry (PCMR) could potentially examine the rationale behind

why physicians chose certain diagnostic tests when consid-

ering the diagnosis of a suspected cardiomyopathy. Our

findings enhance the overall understanding of the risks and

utility of EMB in the clinical management of children with

suspected cardiomyopathy.
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