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Dystrophinopathy Ambulatory Electrophysiologic Monitoring Harmonization  






BACKGROUND
Sudden death and aborted sudden death have been described in dystrophinopathy.  The exact frequency of arrhythmia death has been difficult to assess given the frequency of unwitnessed mortality and potential contributions of respiratory failure. In addition, heart rate, heart rate variability, and arrhythmias have also been described in dystrophinopathy and are thought to be driven by fibrofatty infiltration of the myocardium.1-3 Based on the risk and substrate, ambulatory monitoring is common, although highly variable in terms of frequency and method of screening.4 This document is not meant to supersede recommendations such as the HRS consensus statement, but to provide specific guidance in relation to dystrophinopathy and to help harmonize clinical practice within the network. In particular consensus was sought regarding periodicity and duration of monitoring which are not specifically addressed in the existing guidelines or consensus statements.
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OBJECTIVES
To harmonize clinical practice of ambulatory rhythm monitoring in dystrophinopathy based on expert consensus. There is no sufficient data at this time to specifically recommend a specific method, duration, or indication for initiation.

PROTOCOL

Duchenne muscular dystrophy (DMD)

Indication for Initiation for Monitoring

· Atrial and ventricular ectopy have been described in DMD. The frequency and severity of each generally correlates with the severity of cardiomyopathy, although individual cases of symptomatic arrhythmia including sudden cardiac death have been reported early in the disease process.1, 2, 5 The substrate is generally thought to be areas of fibrofatty replacement of the myocardium, although the long term risk of arrhythmias in men with DMD and with preserved or relatively preserved systolic function is not well delineated.  Using this as the paradigm, we propose the following:

· Ambulatory rhythm monitoring is not recommended in asymptomatic young patients < 18 years, without evidence of cardiomyopathy (LGE, systolic dysfunction, or left ventricular [LV] dilation), and who do not require night time respiratory support.
· Yearly ambulatory monitoring is reasonable in adults (>18 years) and those who require night time respiratory support given the minimal data in these subgroups. 

· It is reasonable to obtain yearly ambulatory rhythm monitoring for patients with evidence of cardiomyopathy (LGE, systolic dysfunction, or LV dilation).

· Yearly ambulatory rhythm monitoring is recommended in patients with systolic dysfunction.

Duration of Monitoring

· Longer duration, continuous, monitoring can increase the frequency of arrhythmia detection in relation to 24 hour Holter or event based monitoring systems.6 This holds potential value in understanding the frequency of ectopy and arrhythmias, disease progression, and outcomes.  However, further study is needed to demonstrate this clinical value and to understand the impact of this approach on resource utilization. The value and cost of the longer term monitoring strategies is likely center and insurance specific and these should be investigated accordingly when discussing risks and benefits with patients/families. With these factors in mind, we propose the following:

· 24 hour Holter monitors are recommended for ambulatory monitoring of arrhythmias in dystrophinopathy patients with evidence of cardiomyopathy

· Use of longer duration non-implantable monitors (e.g. Zio Patch) are reasonable for ambulatory monitoring of arrhythmias in dystrophinopathy patients with evidence of cardiomyopathy.  

Implantable cardiac monitoring

· As noted above, longer duration, continuous, monitoring can increase the frequency of arrhythmia detection.6 There is limited data on the risks or benefits of implantable loop recorders (ILR) in DMD.  There is an ongoing study specifically addressing this topic. As we await these data, we propose the following:

·  Use of ILRs is reasonable in symptomatic patients where other methods of monitoring are not feasible or non-diagnostic (e.g. patients with developmental delay unable to tolerate external monitors, skin sensitivity, etc).

Specific considerations in Becker muscular dystrophy (BMD) and carriers

· There is limited data describing the utility of ambulatory monitoring in persons with BMD and carriers (both symptomatic and non-symptomatic).  With this in mind, we propose the following;

· Yearly ambulatory rhythm monitoring is recommended in patients with BMD and with evidence of cardiomyopathy (LGE, systolic dysfunction, or LV dilation).

· Yearly ambulatory monitoring is recommended in carriers with evidence of cardiomyopathy (LGE, systolic dysfunction, or LV dilation).

· Yearly ambulatory monitoring is reasonable in adults (>18 years) with BMD and those who require night time respiratory support in the absence of cardiomyopathy given the limited data in these subgroups.

· Yearly ambulatory monitoring is reasonable in symptomatic carriers who require night time respiratory support in the absence of cardiomyopathy given the limited data in this subgroup.



REFERENCES
 
1.	Chiang DY, Allen HD, Kim JJ, Valdes SO, Wang Y, Pignatelli RH, Lotze TE and Miyake CY. Relation of Cardiac Dysfunction to Rhythm Abnormalities in Patients With Duchenne or Becker Muscular Dystrophies. Am J Cardiol. 2016;117:1349-54.
2.	Villa CR, Czosek RJ, Ahmed H, Khoury PR, Anderson JB, Knilans TK, Jefferies JL, Wong B and Spar DS. Ambulatory Monitoring and Arrhythmic Outcomes in Pediatric and Adolescent Patients With Duchenne Muscular Dystrophy. J Am Heart Assoc. 2015;5.
3.	Lanza GA, Dello Russo A, Giglio V, De Luca L, Messano L, Santini C, Ricci E, Damiani A, Fumagalli G, De Martino G, Mangiola F and Bellocci F. Impairment of cardiac autonomic function in patients with Duchenne muscular dystrophy: relationship to myocardial and respiratory function. Am Heart J. 2001;141:808-12.
4.	Villa C, Auerbach SR, Bansal N, Birnbaum BF, Conway J, Esteso P, Gambetta K, Hall EK, Kaufman BD, Kirmani S, Lal AK, Martinez HR, Nandi D, O'Connor MJ, Parent JJ, Raucci FJ, Shih R, Shugh S, Soslow JH, Tunuguntla H, Wittlieb-Weber CA, Kinnett K and Cripe L. Current Practices in Treating Cardiomyopathy and Heart Failure in Duchenne Muscular Dystrophy (DMD): Understanding Care Practices in Order to Optimize DMD Heart Failure Through ACTION. Pediatr Cardiol. 2022;43:977-985.
5.	Menon SC, Etheridge SP, Liesemer KN, Williams RV, Bardsley T, Heywood MC and Puchalski MD. Predictive value of myocardial delayed enhancement in Duchenne muscular dystrophy. Pediatric cardiology. 2014;35:1279-85.
6.	Gupta N, Yang J, Reynolds K, Lenane J, Garcia E, Sung SH, Harrison TN, Solomon MD and Go AS. Diagnostic Yield, Outcomes, and Resource Utilization With Different Ambulatory Electrocardiographic Monitoring Strategies. Am J Cardiol. 2022;166:38-44.

AUTHORS 
Andreas Barth, Naomi Kertesz, Deip Nandi, David Spar, Chet Villa, Carol Wittlieb-Weber

CONTRIBUTING CENTERS
Johns Hopkins Medicine, Nationwide Children’s Hospital, Cincinnati Children's Hospital Medical Center, Children’s Hospital of Philadelphia 

Disclaimer: The ACTION network is focused on quality improvement efforts such as harmonizing best practice protocols, disseminating them among institutions, and helping centers to improve care practices at the local level. This protocol was developed as a consensus tool for pediatric VAD programs. The information in the protocols are based on center practices, individual opinions, experiences, and, where available, published literature. Centers may choose to adapt this protocol to include in their center-specific protocols with reference to ACTION with the understanding that these are meant as guidelines and not standard of care.  (Revised: 05/24/2021)
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