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Ambulatory Monitoring and Arrhythmic Outcomes in Pediatric and
Adolescent Patients With Duchenne Muscular Dystrophy
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Background—Patients with Duchenne Muscular Dystrophy (DMD) develop cardiac fibrosis and dilated cardiomyopathy. We
described the frequency of significant Holter findings in DMD, the relationship between cardiac function and arrhythmia burden,
and the impact of these findings on clinical management.

Methods and Results—A retrospective review was done of patients with DMD who received a Holter from 2010 to 2014. Clinical
and arrhythmic outcomes were analyzed. Patients were classified based on left ventricular ejection fraction (LVEF): >55%, 35% to
54% and <35%. Significant Holter findings included atrial tachycardia, ventricular tachycardia and atrial fibrillation /flutter. Logistic
regression was used to assess predictors of significant Holter findings and change in care. The study included 442 Holters in 235
patients. Mean age was 1444 years. Patients with cardiac dysfunction were older, and had increased late gadolinium
enhancement and left ventricular dilation (P<0.01). There were 3 deaths (1%), all with normal function and none cardiac. Patients
with LVEF <35% had more arrhythmias including nonsustained atrial tachycardia (P=0.01), frequent premature ventricular
contractions, ventricular couplets/triplets, and nonsustained ventricular tachycardia (P<0.001) compared to the other groups.
LVEF <35% (P<0.001) was the only predictor of clinically significant Holter finding. Four patients (40%) had change in medication in
the LVEF <35% group compared to 9 (3%) in the >55% and 4 (4%) in the 35% to 54% groups (P<0.001).

Conclusions—Sudden cardiac events are rare in DMD patients with an LVEF >35%. Significant Holter findings are rare in patients
with DMD who have an LVEF >35%, and cardiac dysfunction appears to predict significant Holter findings. Holter monitoring is

highest yield among DMD patients with cardiac dysfunction.
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uchenne muscular dystrophy (DMD) is an X-linked
disorder caused by mutations in dystrophin and charac-
terized by muscular degeneration. Though the potential for
development of dilated cardiomyopathy in DMD has been
known for decades,? advances in respiratory care have
improved life expectancy®* and thus unmasked almost uniform
progression to dilated cardiomyopathy in long-term survivors.
Advances in cardiac imaging, especially cardiac magnetic
resonance imaging (CMR), have expanded our understanding
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of the cardiac changes in DMD, which are present prior to the
development of global left ventricular (LV) systolic dysfunc-
tion. The development of late gadolinium enhancement (LGE),
in particular, predates the development of LV dysfunction.>”
LGE is thought to represent the earliest evidence of myocar-
dial damage, given that the distribution matches the fibrosis
found on autopsy specimens®® and thus has been used to
guide the study of potentially cardioprotective medications.'®
The presence of LGE is also thought to be a potential risk
factor for arrhythmia. The perceived risk of arrhythmia and for
sudden cardiac death within the DMD is also reflected in the
American Academy of Pediatrics Guidelines,'" which suggests
clinicians consider Holter monitors in patients with cardiac
dysfunction. More recent data support this recommendation,
because the development of LGE may not only predate
cardiac dysfunction, but may also serve as a substrate for
clinically important arrhythmias.'? The clinical utility of LGE in
predicting adverse events and disease-specific outcome is not
without precedent. LGE has been reported to be a marker for
malignant arrhythmia and sudden death in other cardiomy-
opathies.'® "¢
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Given this concern, the recent National Heart, Lung,
and Blood Institute/Parent Project Muscular Dystrophy
(NHLBI/PPMD) Working Group'’ recommended further
assessing the clinical utility of a variety of cardiac surveillance
methods, notably CMR. The group also singled out the area of
screening and therapies of cardiac arrhythmia in DMD as a
particularly understudied area.

Our center has recommended screening Holter monitoring
in DMD patients with evidence of LGE or systolic dysfunction
as routine care, given the perceived risk of arrhythmia and
sudden death. Herein, we report the results of this screening
protocol and relate these findings to cardiac imaging findings
and clinical outcomes in a large cohort of DMD patients.

Methods

Patient Demographics

This was a single-center retrospective analysis of patients with
a diagnosis of DMD who received a Holter monitor from 2010 to
2014. The study was approved by the Institutional Review Board
at Cincinnati Children’s Hospital Medical Center (IRB#2014-
4394). Given that the study was retrospective and there was
minimal risk to the participants, informed consent was waived
by the Institutional Review Board. Patients for this study were
identified from the Holter database. Patients were included in
the analysis if there was either an echocardiogram or CMR with
measured left ventricular ejection fraction (LVEF) performed
within 2 years of the Holter study. Patient demographics,
cardiac imaging (including echocardiogram and CMR) and
electrophysiologic data were obtained from the patient’s
medical record. Patient age at time of Holter, sex, race, use of
cardiovascular medications, history of cardiac arrhythmia, and
placement of pacemaker or implantable cardioverter defibril-
lator (ICD) were reviewed. Outcome data including initiation or
change in antiarrhythmic medication, death, aborted sudden
death, and cardiac transplantation were reviewed.

Holter Monitoring

The decision to perform a Holter monitor was determined by
each patient’s cardiomyopathy physician. Holter monitors
were 2-lead monitors (modified V1 and V5) and placed
routinely for 24 hours. Patient age and Holter indication
including asymptomatic screening, symptomatic screening, or
follow-up of a clinical finding were analyzed.

Holter data evaluated included the following: heart rate,
atrial ectopy, ventricular ectopy, supraventricular tachycardia,
atrioventricular block, symptoms, and whether specific symp-
toms correlated with a rhythm disturbance. Atrial and
ventricular ectopy were subclassified to rare/occasional
(<720 ectopic beats over 24 hours), frequent (>720 ectopic

beats over 24 hours), couplets/triplets (2—3 beats in a row),
nonsustained tachycardia (4-30 beats in a row), and
sustained tachycardia (>30 beats in a row).'®' Significant
Holter findings included the following: nonsustained atrial
tachycardia, sustained atrial tachycardia, nonsustained ven-
tricular tachycardia, sustained ventricular tachycardia, non-
sustained atrial flutter/fibrillation, sustained atrial flutter/
fibrillation, and a new finding of conduction system disease.

Holter-based arrhythmia burden was analyzed (1) by each
individual Holter as a separate event and (2) by individual
patient with cumulative data from one or more Holter studies.

Cardiac Imaging

Patients’ individual Holters were classified based on LVEF by
echocardiogram or CMR. The functional classes were divided
into: EF >55% (normal function), EF 35% to 54% (mild to
moderate dysfunction), and EF <35% (severe dysfunction). The
patient had to have either an echocardiogram or CMR with EF
calculated within 2 years of the individual Holter and if they had
multiple cardiac imaging studies performed, the study per-
formed closest in time to the Holter was included. Echocardio-
gram data included LVEF, absolute LV end diastolic dimension,
and LV end diastolic dimension indexed z-score. CMR data
included LVEF, RVEF, presence of LGE, and LV end diastolic
volume (mL/m?). LV dilation was defined as LV end diastolic
dimension >5.9 cm or LV end diastolic dimension z-score >2 in
patients under 18 years of age?® and LV end diastolic volume
>90 mL/m? (magnetic resonance imaging data).

Patients with multiple Holters during the study period were
included if there was cardiac imaging within 2 years of
the Holter performed. Patients’ overall LVEF classification for
the study was based on the lowest LVEF measured during the
study. Each individual Holter was classified based on the LVEF
at the time the Holter was performed.

Change in Management

A change in response related to the Holter data was evaluated
by chart review. Significant changes were assessed to be a
result of the Holter if a change occurred within 60 days of the
Holter monitor. Significant changes included pacemaker
placement, ICD placement, electrophysiology study, implan-
table loop recorder placement, and initiation or dose change of
anti-arrhythmic medication. Dose change in response to Holter
findings was assessed based on clinical decision making as
stated in clinical notes and attributed to Holter findings.

Statistical Analysis

Data were recorded and entered into a REDCap database and
analyzed by data management personnel for completeness
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and accuracy. All critical variables had a 100% check for
accuracy of entry. The patient demographics were compared
between the LVEF groups: EF >55%, EF 35% to 54%, and EF
<35%. Comparisons between the different LV EF groups based
on the Holter study findings were performed using combined
Holter results for each patient. Tests of differences in
proportions were made by Fischer’s exact test or other y?
test. Continuous variables were tested for normality. Com-
parisons of means or medians were made using 1-way ANOVA
or Kruskal-Wallis, respectively. Analyses for the composite
outcome of (1) significant Holter finding and (2) change in
care were performed using the variables: age, LVEF, RVEF, LV
dilation, presence of LGE, steroid medications, carvedilol,
angiotensin converting enzyme inhibitor-l, angiotensin recep-
tor blocker, Aldactone (spironolactone), frequent premature
atrial contractions, frequent ventricular contractions, nonsus-
tained atrial tachycardia, and nonsustained ventricular tachy-
cardia. Logistic regression with backward elimination was
used, and variables with P-value <0.05 were included in the
final model.

Results

Patient Demographics

During the 5-year study period, 235 patients met inclusion
criteria. The majority of patients had normal function, with
184 in the LVEF >55% group, 46 in the LVEF 54% to 35%, and
5 in the LVEF <35% group (Table 1). Most patients were white,
treated with steroids at the time of their study inclusion, and
all were male. Patients with LV dysfunction were less-often
treated with deflazacort therapy and more frequently treated
with carvedilol, angiotensin converting enzyme inhibitors, and
Aldactone (spironolactone). A single patient was treated with
digoxin. Patients with LV dysfunction were also significantly
older and were more likely to have LV dilation, RV dysfunction,
and evidence of LGE.

Individual Holter

A total of 442 Holters were performed during the study
period (Table 2). The majority of the Holters (88%) were
performed as a routine screen without symptoms. Atrial
ectopy was common, observed in 68% of the Holters. In
patients with cardiac dysfunction, frequent premature atrial
contractions and nonsustained atrial tachycardia were
seen more commonly. No patients had sustained atrial
tachycardia.

Ventricular ectopy was also frequent, observed in 45% of
the Holters. All ventricular arrhythmia subgroups were more
commonly observed in patients with cardiac dysfunction.
Notably, 30% of patients in the LVEF <35% group had

nonsustained ventricular tachycardia compared to 0% and 2%
in the EF >55% and EF 35% to 54% groups, respectively. No
patients had sustained ventricular tachycardia.

Significant Holter findings were rare (3%) in the full
cohort, but were seen more frequently in patients with an
LVEF <35% (40%). Nonsustained atrial tachycardia and
nonsustained ventricular tachycardia occurred most fre-
quently in patients with an LVEF <35%. Of note, there was
1 patient with nonsustained atrial fibrillation and 1 patient
with supraventricular tachycardia, both in the normal LVEF
group.

Though Holter monitoring rarely led to change in care (4%),
change in care occurred at a higher rate in patients with
severe cardiac dysfunction (40%), and the only change in care
seen in the entire cohort was either initiating or changing the
dose of antiarrhythmic medications.

Individual Patient

When assessing Holter data by each individual patient,
similar results were found. Nonsustained atrial tachycardia
and all ventricular arrhythmias (premature ventricular con-
tractions, ventricular couplets, and triplets and nonsus-
tained ventricular tachycardia) were more common among
patients with LV dysfunction (Table 3). Significant Holter
findings rarely occurred (5%) within the full cohort but
increased in frequency as cardiac dysfunction progressed.
Most notably, nonsustained atrial and nonsustained ventric-
ular tachycardias were more common in patients with LV
dysfunction. Initiation or change in antiarrhythmic medica-
tions was seen more frequently in patients with cardiac
dysfunction.

Outcomes

LVEF <35% was the only independent predictor of significant
Holter findings via logistic regression analysis (odds ratio of
122 [versus EF >55%] and odds ratio of 7 [versus EF 35-54%]
[P=0.002]). Patients with symptoms as the indication for
Holter were more likely to have significant Holter findings
compared to those without symptoms. Holters were placed
for clinical symptoms in 15 patients, most commonly for
palpitations 11 (73%), of which 10 patients (67%) had clinical
symptoms during the Holter. Significant Holter findings
occurred more frequently when placed for symptoms 3
(20%) compared to 9 (2%) of asymptomatic Holters (P<0.001).
The Holter findings included nonsustained ventricular tachy-
cardia, nonsustained atrial fibrillation, and supraventricular
tachycardia when placed for symptoms. There was no
difference in change in care, which occurred in 2 (13%) of
Holters with symptoms compared to 15 (4%) asymptomatic
Holters (P=0.052). Holter monitoring resulted in change of
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Table 1. DMD Patient Demographics
Total EF >55% EF 54% to 35% EF <35% P Value
Number of patients, n 235 184 46 5
Number of Holters, n (mean per patient) 442 (1.9) 317 (1.7) 112 (2.4) 13 (2.6) <0.001
Race, n (%) 1
White 223 (95) 174 (95) 44 (96) 5 (100)
Black or African American 1(<1) 0 1(2) 0
Asian 3(1) 2(1) 1(2 0
Other 83 8 (4) 0 0
Age at last follow-up, median (IQR) 14 (11, 17) 13 (11, 16) 17 (15, 20) 19 (18, 20) <0.001
Steroid therapy, n (%)
Deflazacort 173 (74) 142 (77) 30 (65) 1(20) <0.001
Prednisone 44 (19) 31 (17) 12 (26) 1 (20) 0.02
Cardiovascular medications, n (%)
Carvedilol 70 (30) 32 (17) 34 (74) 4 (80) <0.001
Digoxin 1 (<1) 0 0 1 (20) 0.02
ACE-I 124 (53) 80 (43) 39 (85) 5 (100) <0.001
ARB 31 (13) 26 (14) 5 (11) 0.08
Aldactone 48 (20) 23 (13) 22 (48) 3 (60) <0.001
Right ventricular ejection fraction, n (%) <0.001
RVEF >50% 192 (81) 154 (83) 36 (78) 2 (40)
RVEF 30% to 49% 4 (2) 0 3@ 1(20)
RVEF <30% 0 0 0 0
Late gadolinium enhancement (at any time), n (%) 96 (41) 61 (33) 32 (70) 3 (60) <0.001
Left ventricular dilation, n (%) 44 (19) 28 (15) 12 (26) 4 (80) <0.001
ICD, n (%) 0 0 0 0
Pacemaker, n (%) 0 0 0 0
Syncope, n (%) 1(<1) 1(<1) 0 0 0.78
Death, n (%) 3(1) 3(2 0 0 0.48
Sudden cardiac death 0 0 0 0
Other 3(1) 3@ 0 0
Aborted sudden death, n (%) 0 0 0 0
Transplant, n (%) 0 0 0 0
Arrhythmia history, n (%)
Atrial flutter/fibrillation 2(1) 2(1) 0 0 0.61
SvT 3(1) 1(1) 2 (4) 0 0.09
Ventricular arrhythmias 2 0 12 1(20) 0.008
History of conduction system disease, n (%) 1(<1) 1(1) 0 0 0.78

ACE-l indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; DMD, Duchenne muscular dystrophy; ICD, implantable cardioverter defibrillator; IQR,
interquartile range; RVEF, right ventricular ejection fraction; SVT, supraventricular tachycardia.

care in 4% of all studies, all being initiation or change in
medications, and was most commonly seen in patients with
LVEF <35%. Frequent premature ventricular contractions was
an independent factor for change in care in logistic regression
analysis (odds ratio 8.6, P<0.001).

There were only 3 deaths (1%) within the study cohort. Of
these 3 patients, all had normal cardiac function and none of
the deaths were cardiac related (sepsis, respiratory failure,
likely fat embolus after a fracture). No patients received an
ICD during the study period.
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Table 2. DMD Holter Characteristics (Per Individual Holter)

Total EF >55% EF 54% to 35% EF <35%
Number of Holters, n 442 337 95 10
Age at time of Holter median (IQR) 13 (11, 16) 12 (10, 15) 17 (14, 20) 18 (186, 20)
Average heart rate median (IQR) 100 (93 106) 101 (95 108) 97 (89, 104) 88 (73, 98)
Holter indication asymptomatic screening, n (%) 388 (88) 309 (92 75 (79) 4 (40)
Atrial arrhythmias, n (%) 301 (68) 232 (69) 61 (64) 8 (80)
Rare/Occ PACs 292 (66) 224 (66) 61 (64) 7 (70)
Frequent PACs 3 (<1) 1(<1) 1(1) 1(10)
Atrial couplets/atrial triplets 30 (7) 24 (7) 55 1(10)
Nonsustained atrial tachycardia 6 (1) 3 1(1) 2 (20)
Sustained atrial tachycardia 0 0 0 0
Nonsustained atrial fib/atrial flutter 1 (<) 1(<1) 0 0
Sustained atrial fib/atrial flutter 0 0 0 0
Ventricular arrhythmias, n (%) 197 (45) 120 (36) 67 (70) 10 (100)
Rare/Occ PVCs 175 (40) 111 (33) 59 (62) 5 (50)
Frequent PVCs 21 (5) 8 (2 8 (8) 5 (50)
Ventricular couplets/triplets 34 (8) 16 (5) 12 (13) 6 (60)
Nonsustained ventricular tachycardia 5(1) 0 22 3 (30)
Accelerated ventricular rhythm 3(<1) 2 (<1) 1(1) 0
Sustained ventricular tachycardia 0 0 0 0
SVT, n (%) 1(<1) 0 1(1) 0
Heart block, n (%) 2 (<1) 2 <1) 0 0
First-degree AV block, n (%) 0 0 0 0
Mobitz Type | (non-significant), n (%) 2 (<1) 2 (<1) 0 0
AV block other than above, n (%) 0 0 0 0
Patient symptoms, n (%) 15 (3) 113 30 1(10)
Significant Holter finding, n (%) 12 (3) 4(1) 44 4 (40)
Nonsustained ventricular tachycardia 5(1) 0 22 3 (30)
Sustained ventricular tachycardia 0 0 0 0
Nonsustained atrial tachycardia 6 (1) 3 1(1) 2 (20)
Nonsustained atrial fib/atrial flutter 1(<1) 1(<1) 0 0
Sustained AT/atrial fib/flutter 0 0 0 0
SVT 1(<1) 0 1(1) 0
Conduction system disease 0 0 0 0
Other 0 0 0 0
Change in care, n (%) 17 (4) 9(3) 4 (4) 4 (40)
Pacemaker implant 0 0 0 0
Defibrillator implant 0 0 0 0
EP study 0 0 0 0
Loop recorder 0 0 0 0
Change in medication 17 (4) 9(3) 4 (4) 4 (40)
Other 0 0 0 0

AV indicates atrioventricular; AT, atrial tachycardia; DMD, Duchenne muscular dystrophy; EF, ejection fraction; EP, electrophysiology; fib, fibrillation; IOR, interquartile range; Occ,
occasional; PAC, premature atrial contraction; PVC, premature ventricular contraction; SVT, supraventricular tachycardia.
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Table 3. DMD Holter Characteristics (Per Patient Includes All Holters Per Patient)

Total (n=235) EF >55 (n=184) EF 54 to 35 (n=46) EF <35 (n=5) P Value
Age at time of study median (IQR) 13 (11, 16) 12 (10, 15) 17 (15, 20) 18 (18, 19) <0.001
Atrial arrhythmias, n (%) 190 (81) 147 (80) 38 (83) 5 (100) 0.7
Rare/Occ PACs 188 (80) 145 (79) 38 (83) 5 (100) 0.6
Frequent PACs 3(1) 1 (<1) 12 1 (20) 0.03
Atrial couplets/triplets 26 (11) 20 (11) 5 (11) 1 (20) 0.7
Nonsustained AT 6 (3) 32 12 2 (40) 0.007
Sustained AT 0 0 0 0
Atrial fib/atrial flutter 1(<1) 1(<1) 0 0 1
Ventricular arrhythmias, n (%) 119 (51) 79 (43) 35 (76) 5 (100) <0.001
Rare/Occ PVCs 114 (49) 76 (41) 34 (74) 4 (80) <0.001
Frequent PVCs 13 (6) 42 6 (13) 3 (60) <0.001
Ventricular couplets/triplets 25 (11) 11 () 10 (22) 4 (80) <0.001
NSVT 5(2) 0 3 2 (40) <0.001
Sustained VT 0 0 0 0
Accelerated vent rhythm 3(1) 2 (11) 1(2) 0 0.5
SVT, n (%) 1(<1) 0 1(2) 0 0.2
Heart block, n (%) 2(1) 2(1) 0 0 1
First-degree AV block, n (%) 0 0 0 0
Mobitz Type | (nonsignificant), n (%) 2(1) 2(1) 0 0 1
AV block other than above, n (%) 0 0 0 0
Patient symptoms, n (%) 15 (6) 11 (6) 3(7) 1 (20) 0.34
Significant Holter finding, n (%) 12 (5) 4 (2 5 (11) 3 (60) <0.001
Nonsustained VT 5(2) 0 3@ 2 (40) <0.001
Sustained VT 0 0 0 0
Nonsustained AT 6 (3) 302 1(2) 2 (40) 0.01
Nonsustained atrial fibrillation/atrial flutter 1(<1) 1(<1) 0 0 1
Sustained atrial tachycardia/atrial fibrillation/atrial flutter 0 0 0 0
Supraventricular tachycardia 1(<1) 0 1(2) 0 0.2
Conduction system disease 0 0 0 0
Other 0 0 0 0
Change in care, n (%) 12 (5) 7 (4) 3(7) 2 (40) 0.01
Pacemaker implant 0 0 0 0
Defibrillator implant 0 0 0 0
EP study 0 0 0 0
Loop recorder 0 0 0 0
Change in medication 12 (5) 7@ 3 2 (40) 0.01
Other 0 0 0 0

AT indicates atrial tachycardia; AV, atrioventricular; DMD, Duchenne muscular dystrophy; EF, ejection fraction; EP, electrophysiology; fib, fibrillation; IOR, interquartile range; NSVT,
nonsustained ventricular tachycardia; Occ, occasional; PAC, premature atrial contraction; PVC, premature ventricular contraction; vent, ventricular; VT, ventricular tachycardia.

among patients with normal (1%) or even moderate dysfunc-

Discussion tion (4%). LV dysfunction was the sole predictor of significant
In an analysis of Holter results in a large cohort of patients Holter findings, while Holter results dictated a change in
with DMD, we found that clinically significant findings are rare clinical care in only 3% of patients with an LVEF >35%.
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Patients in whom the Holter was placed for symptoms were
more likely to have significant findings compared to asymp-
tomatic screening Holters. There were no cardiac deaths, life-
threatening arrhythmias, or ICDs placed during the course of
the study. These data suggest that screening Holter monitor-
ing should focus on patients with significant dysfunction or
concerning symptoms and may also be a model to help guide
further studies aimed at assessing risk of sudden death in
patients with DMD.

Historically, our understanding of cardiovascular changes
present in DMD was limited to examination of autopsy
specimens that revealed dilated cardiomyopathy, as well
myocardial fibrosis.®° The development of more advanced
cardiac imaging tests has allowed the identification of cardiac
abnormalities that predate the development of cardiac
dysfunction.®”"'>2! CMR in particular has become the focus
study, given its ability to assess early myocardial damage,
along with providing reliable measures of ventricular function.
The clinical utility of CMR is reflected in the content of the
recent NHLBI/PPMD Working Group findings.'” The Working
Group made a number of recommendations and singled out
the need to refine clinical care guidelines to reflect the
phenotyping revolution that has occurred with the develop-
ment of CMR. In addition, they also identified the areas of
arrhythmia screening as an understudied area. This is
reflected in the discrepant or missing arrhythmia monitoring
recommendations in various DMD care guidelines.''#%%

A recent study of 32 patients with DMD by Menon et al'?
attempted to address some of these deficiencies. They noted
that increasing LGE burden was associated with worsening LV
function and ventricular tachycardia. Our analysis showed
that LV function alone predicted significant Holter findings.
LGE, in particular, was not associated with significant Holter
findings. While the results seem contradictory, we believe
closer examination of the results of Menon et al suggests the
data may be consistent. There were incremental increases in
ventricular arrhythmias as LGE became more widespread and
function decreased. Previous studies have shown LGE devel-
opment not only predates systolic dysfunction, but the burden
increases as systolic function decreases.® Thus, the limited
number of patients in their study likely limited the ability to
differentiate the effects of each, and it is plausible that the
results noted are heavily weighted by the number of patients
with LGE in the study that had more than mild dysfunction.
Our results are also consistent with findings in patients with
x-linked dilated cardiomyopathy and dystrophin defects where
there is a high risk of progression to heart failure, but a low
risk of life-threatening arrhythmias.?* This is also consistent
with recent data from other types of pediatric dilated
cardiomyopathy where arrhythmia burden worsens as systolic
function decreases.?® Thus, while CMR may be of use for the
many reasons described within the NHLBI/PPMD Working

Group findings,"” our data suggest that obtaining a CMR
solely to assess the presence of LGE in order to help gauge
arrhythmia risk may have more limited utility.

While our data have shown that clinically significant Holter
findings are rare in patients with an EF >35%, it is worth
noting that this does not lead us to conclude that Holter
monitoring in patients with an EF >35 is of no utility. In fact, it
is quite possible that the clinical utility of Holter monitoring
may only become appreciated over time and as harder
outcomes are reached (mortality, sudden cardiac death, etc).
This would need to be assessed with a more longitudinal
study, over a longer period of time. While our study is the
largest DMD Holter study to date, the mean number of Holters
per patient is just less than 2 and the clinical utility of multiple
studies may become evident with time.

Finally, we are unable to assess the utility of Holter
monitoring as it relates to the risk of sudden cardiac death
given the low event rate; however, the low event rate in this
study suggests that studies attempting to quantify the risk of
sudden cardiac death in the current era should focus on those
with significant dysfunction. Given the small number of
patients with severe dysfunction, we are unable to address
the utility of screening Holter monitoring in these patients, but
even with limited numbers the arrhythmia rate appears much
higher as systolic function worsens, suggesting future study
should focus on these subgroups. The potential of minimally
invasive arrhythmia monitoring?® may help to answer the
question and address the issue of cause of death in patients
where there is concern for possible sudden cardiac death.
This also comes with the caveat that nonsustained ventricular
tachycardia commonly increases in adults with dilated
cardiomyopathy, though it has not been shown to be a
predictor of adverse outcome independent of EF.%”-?8

Limitations

The data presented and interpretation of the data suffer from
the limitations inherent to retrospective studies; however,
some specific limitations should be noted. First, while there
were a limited number of patients who died in our study, we
only examined the outcomes of patients who received a
Holter. Routine Holter monitoring has only become a more
regimented part of our clinical evaluation within the last few
years and some patients, especially early in the study period,
did not receive a Holter.

Conclusions

Our findings begin to the fill the existing gap on the role of
arrhythmia screening in patients with DMD. Future studies are
needed to investigate whether Holter results alone, or in
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composite with imaging data, are able to predict adverse
clinical outcomes, notably sudden cardiac death, and the
potential role of ICDs. Our data suggest that future studies
should focus on patients with greater cardiac dysfunction or
symptoms, as the arrhythmia burden appears small in DMD
patients without severe dysfunction and without clinical
symptoms, despite the theoretical nidus identified by LGE.

Acknowledgments

We thank Timothy J. O’Brien, BS, University of Cincinnati, for his time
in creation of the DMD Holter database.

Sources of Funding

Czosek, Jefferies, and Spar received research funding from
Medtronic.

Disclosures

None.

References

1.

Melacini P, Vianello A, Villanova C, Fanin M, Miorin M, Angelini C, Dalla Volta S.
Cardiac and respiratory involvement in advanced stage Duchenne muscular
dystrophy. Neuromuscul Disord. 1996;6:367-376.

. de Kermadec JM, Bécane HM, Chénard A, Tertrain F, Weiss Y. Prevalence of

left ventricular systolic dysfunction in Duchenne muscular dystrophy: an
echocardiographic study. Am Heart J. 1994;127:618-623.

. Eagle M, Baudouin SV, Chandler C, Giddings DR, Bullock R, Bushby K. Survival

in Duchenne muscular dystrophy: improvements in life expectancy since 1967
and the impact of home nocturnal ventilation. Neuromuscul Disord.
2002;12:926-929.

. Ishikawa Y, Miura T, Ishikawa Y, Aoyagi T, Ogata H, Hamada S, Minami R.

Duchenne muscular dystrophy: survival by cardio-respiratory interventions.
Neuromuscul Disord. 2011;21:47-51.

. Hor KN, Wansapura J, Markham LW, Mazur W, Cripe LH, Fleck R, Benson DW,

Gottliebson WM. Circumferential strain analysis identifies strata of cardiomy-
opathy in Duchenne muscular dystrophy: a cardiac magnetic resonance
tagging study. / Am Coll Cardiol. 2009;53:1204-1210.

. Tandon A, Villa CR, Hor KN, Jefferies JL, Gao Z, Towbin JA, Wong BL, Mazur W,

Fleck RJ, Sticka JJ, Benson DW, Taylor MD. Myocardial fibrosis burden predicts
left ventricular ejection fraction and is associated with age and steroid
treatment duration in Duchenne muscular dystrophy. / Am Heart Assoc.
2015;4:e001338 doi: 10.1161/JAHA.114.001338.

. Silva MC, Meira ZMA, Gurgel Giannetti J, da Silva MM, Campos AFO, Barbosa

MbM, Starling Filho GM, Ferreira RoA, Zatz M, Rochitte CE. Myocardial delayed
enhancement by magnetic resonance imaging in patients with muscular
dystrophy. / Am Coll Cardiol. 2007;49:1874—1879.

. Sanyal SK, Johnson WW, Dische MR, Pitner SE, Beard C. Dystrophic

degeneration of papillary muscle and ventricular myocardium. A basis for
mitral valve prolapse in Duchenne’s muscular dystrophy. Circulation.
1980;62:430-438.

. Sanyal SK, Johnson WW, Thapar MK, Pitner SE. An ultrastructural basis for

electrocardiographic alterations associated with Duchenne’s progressive
muscular dystrophy. Circulation. 1978;57:1122-1129.

. Raman SV, Hor KN, Mazur W, Halnon NJ, Kissel JT, He X, Tran T, Smart S,

McCarthy B, Taylor MD, Jefferies JL, Rafael-Fortney JA, Lowe ], Roble SL, Cripe
LH. Eplerenone for early cardiomyopathy in Duchenne muscular dystrophy: a
randomised, double-blind, placebo-controlled trial. Lancet Neurol. 2015;14:
153-161.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Surgery SoCaC. Cardiovascular health supervision for individuals affected by

Duchenne or Becker muscular dystrophy. Pediatrics. 2005;116:1569—-1573.

. Menon SC, Etheridge SP, Liesemer KN, Williams RV, Bardsley T, Heywood MC,

Puchalski MD. Predictive value of myocardial delayed enhancement in
Duchenne muscular dystrophy. Pediatr Cardiol. 2014;35:1279—1285.

. Chan RH, Maron BJ, Olivotto I, Pencina MJ, Assenza GE, Haas T, Lesser JR,

Gruner C, Crean AM, Rakowski H, Udelson JE, Rowin E, Lombardi M, Cecchi F,
Tomberli B, Spirito P, Formisano F, Biagini E, Rapezzi C, De Cecco CN, Autore
C, Cook EF, Hong SN, Gibson CM, Manning WJ, Appelbaum E, Maron MS.
Prognostic value of quantitative contrast-enhanced cardiovascular magnetic
resonance for the evaluation of sudden death risk in patients with
hypertrophic cardiomyopathy. Circulation. 2014;130:484-495.

. Masci PG, Doulaptsis C, Bertella E, Del Torto A, Symons R, Pontone G, Barison

A, Droogné W, Andreini D, Lorenzoni V, Gripari P, Mushtagq S, Emdin M,
Bogaert J, Lombardi M. Incremental prognostic value of myocardial fibrosis in
patients with non-ischemic cardiomyopathy without congestive heart failure.
Circ Heart Fail. 2014;7:448-456.

. Gulati A, Jabbour A, Ismail TF, Guha K, Khwaja J, Raza S, Morarji K, Brown TDH,

Ismail NA, Dweck MR, Di Pietro E, Roughton M, Wage R, Daryani Y, O’Hanlon R,
Sheppard MN, Alpendurada F, Lyon AR, Cook SA, Cowie MR, Assomull RG,
Pennell DJ, Prasad SK. Association of fibrosis with mortality and sudden
cardiac death in patients with nonischemic dilated cardiomyopathy. JAMA.
2013;309:896-908.

. Perazzolo Marra M, De Lazzari M, Zorzi A, Migliore F, Zilio F, Calore C, Vettor G,

Tona F, Tarantini G, Cacciavillani L, Corbetti F, Giorgi B, Miotto D, Thiene G,
Basso C, lliceto S, Corrado D. Impact of the presence and amount of
myocardial fibrosis by cardiac magnetic resonance on arrhythmic outcome
and sudden cardiac death in nonischemic dilated cardiomyopathy. Heart
Rhythm. 2014;11:856—863.

. McNally EM, Kaltman JR, Benson DW, Canter CE, Cripe LH, Duan D, Finder JD,

Hoffman EP, Judge DP, Kertesz N, Kinnett K, Kirsch R, Metzger JM, Pearson
GD, Rafael-Fortney JA, Raman SV, Spurney CF, Targum SL, Wagner KR,
Markham LW. Contemporary cardiac issues in Duchenne muscular dystrophy.
Circulation. 2015;131:1590-1598.

. Czosek RJ, Anderson J, Khoury PR, Knilans TK, Spar DS, Marino BS. Utility of

ambulatory monitoring in patients with congenital heart disease. Am J Cardiol.
2013;111:723-730.

. Lown B, Wolf M. Approaches to sudden death from coronary heart disease.

Circulation. 197 1;44:130-142.

Zilberman MV, Khoury PR, Kimball RT. Two-dimensional echocardiographic
valve measurements in healthy children: gender-specific differences. Pediatr
Cardiol. 2005;26:356—360.

Giatrakos N, Kinali M, Stephens D, Dawson D, Muntoni F, Nihoyannopoulos P.
Cardiac tissue velocities and strain rate in the early detection of myocardial
dysfunction of asymptomatic boys with Duchenne’s muscular dystrophy:
relationship to clinical outcome. Heart. 2006;92:840-842.

Bushby K, Finkel R, Birnkrant DJ, Case LE, Clemens PR, Cripe L, Kaul A, Kinnett
K, McDonald C, Pandya S, Poysky J, Shapiro F, Tomezsko J, Constantin C.
Diagnosis and management of Duchenne muscular dystrophy, part 2:
implementation of multidisciplinary care. Lancet Neurol. 2010;9:177-189.

Bushby K, Muntoni F, Bourke JP. 107th ENMC international workshop: the
management of cardiac involvement in muscular dystrophy and myotonic
dystrophy. 7th-9th June 2002, Naarden, the Netherlands. Neuromuscul Disord.
2003;13:166—172.

Diegoli M, Grasso M, Favalli V, Serio A, Gambarin Fl, Klersy C, Pasotti M,
Agozzino E, Scelsi L, Ferlini A. Diagnostic work-up and risk stratification in X-
linked dilated cardiomyopathies caused by dystrophin defects. / Am Coll
Cardiol. 2011;58:925-934.

Czosek RJ, Spar DS, Khoury PR, Anderson JB, Wilmot I, Knilans TK, Jefferies JL.
Outcomes, arrhythmic burden and ambulatory monitoring of pediatric patients
with left ventricular non-compaction and preserved left ventricular function.
Am ] Cardiol. 2015;115:962-966.

Plrerfellner H, Sanders P, Pokushalov E, Di Bacco M, Bergemann T, Dekker
LRC. Miniaturized Reveal LINQ insertable cardiac monitoring system: first-in-
human experience. Heart Rhythm. 2015;12:1113-1119.

Grimm W, Christ M, Bach J, Miiller H-H, Maisch B. Noninvasive arrhythmia risk
stratification in idiopathic dilated cardiomyopathy: results of the Marburg
Cardiomyopathy Study. Circulation. 2003;108:2883-2891.

Singh SN, Fisher SG, Carson PE, Fletcher RD. Prevalence and significance
of nonsustained ventricular tachycardia in patients with premature
ventricular contractions and heart failure treated with vasodilator therapy.
Department of Veterans Affairs CHF STAT Investigators. / Am Coll Cardiol.
1998;32:942-947.

DOI: 10.1161/JAHA.115.002620

Journal of the American Heart Association 8

HDOYVIASHY TVNIDIYO


info:doi/10.1161./JAHA.114.001338

