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Duchenne Muscular Dystrophy (DMD) Medical Therapy Harmonization  







[bookmark: _Toc103758830]BACKGROUND
Skeletal muscle weakness in DMD patients makes the assessment and attribution of common signs and symptoms of heart failure difficult, as activity intolerance, respiratory symptoms, edema, & poor appetite may be ascribed to other DMD processes. Given this, echocardiography and cardiac MRI (cMRI) take on an added importance in helping define cardiac risk through the assessment of ventricular dilation, function, and myocardial fibrofatty replacement in patients with DMD. The 2021 Universal Definition and Classification of Heart Failure also has underscored the potential value of assessing natriuretic peptide elevation in that document’s proposed classification schema. This document is not meant to supersede the major heart guidelines, but rather to help harmonize clinical practice especially early in disease where there is significant variability in practice. This document will also address the use of angiotensin receptor-neprilysin inhibitor (ARNI) and sodium-glucose costransporter-2 inhibitors (SGLT2i).
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With limited data to guide patient care, significant phenotypic variability, and multiple treating physician teams, the medical management of these patients is difficult. The following document seeks to integrate the major recommendations with the Duchenne muscular dystrophy (DMD) Care Considerations, American Heart Association (AHA) Management of Cardiac Involvement Associated with Neuromuscular Diseases, and the 2022 AHA/American College of Cardiology (ACC)/Heart Failure Society of American (HFSA) Guideline for the Management of Heart failure, along with the clinical practice of the many institutions involved in the care of these patients. The recommendations and guidance provided herein is meant to provide a set of potential best practices and tools that should not supersede the clinical judgement of the treating team. Suggested doses, titration, monitoring, order of medication initiation and titration, and laboratory/vital parameters requiring dose reduction or maintenance should continue to be fully determined by the treating team according to standard practice and clinical judgement.

PROGRESSION OF MEDICAL THERAPIES
The following is a recommended progression of medical therapies, directed to defined therapeutic targets based on the degree of cardiac dysfunction or presence of fibrosis (Table 1). Specific recommendations and considerations for each drug class follow.

	Table 1. Commonly used drug classes in Duchenne muscular dystrophy (DMD) cardiomyopathy and proposed therapeutic targets based on the degree of systolic dysfunction.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist; ARNI, angiotensin receptor-neprilysin inhibitor; SGLT2i, sodium-glucose costransporter-2 inhibitor
* Indications for initiation of MRA therapy include both systolic dysfunction and evidence of cardiac fibrosis (see relevant section for specifics)

	
	Prophylactic
	Mildly reduced EF 
(41-54%)
	Reduced EF (31-40%)

	ACEi/ARB
	Prophylactic target
	HFrEF target
	HFrEF target

	MRA*
	Prophylactic target
	HFrEF target*
	HFrEF target

	BB
	--
	--
	HFrEF target

	ARNI
	--
	--
	Consider transition from ACEi/ARB

	SGLT2i
	--
	--
	Consider addition




[bookmark: _Toc103758896]ACE INHIBITORS (ACEI) and ANGIOTENSIN RECEPTOR BLOCKERS (ARB)

Indication for Initiation of Therapy

· ACE-inhibitor therapy is considered first line therapy for patients with DMD.  Existing guidelines/scientific statements recommend initiation of therapy at 10 years of age or at least consideration of initiating therapy by age 10 in the absence of systolic dysfunction.1, 2 The major care guidelines are consistent with the recommendation of the initiation of therapy at the onset of systolic dysfunction. 

· Since the publication of Care Considerations and Management of Cardiac Involvement Associated with Neuromuscular Diseases, data has emerged suggesting initiation of therapy in patients with normal function with presence of late gadolinium enhancement (LGE) may slow the progression of disease.3  Prophylactic initation of therapy also appears to delay/slow the development of heart failure.4 Based on these data and the existing recommendations we propose the following indications for initiating therapy (Table 2):
· The use of an ACEi (or ARB) is recommended in DMD by age 10 years given prophylactic initiation of therapy appears to delay/slow the development of heart failure and ~15-20% of patients will have LGE prior to age 10.4, 5 
· The use of an ACEi (or ARB) is recommended for patients with DMD and evidence of LGE on cardiac MRI or with systolic dysfunction (left ventricular ejection fraction [LVEF] < 55% and/or shortening fraction [SF] 28%).
· It is reasonable to consider therapy ACEi (or ARB) prior to age 10 if there is evidence of ventricular dilation (z-score >2) prior to the onset of systolic dysfunction or onset of LGE. 
· The use of an ACEi (or ARB) is recommended for patients with evidence of cardiac fibrosis.
· While typically seen on cMRI as the presence of LGE, some ECG findings may also be suggestive of fibrosis (e.g. deep and wide q-waves in lateral limb or precordial leads)
Medication dosing
· Optimal dosing prior to onset of LVEF <40% has not yet been established. The 2022 AHA/ACC/HFSA Guideline gives a 2b recommendation for initiation of typical Guideline-Directed Medical Therapy (GDMT) for patients with heart failure and mildly reduced ejection fraction (HFmrEF, 41%-49%). Recommendations described herein are based on expert consensus at the time of the current harmonization/reconciliation document. Goal Target Dose is based on major guidelines for therapy in patients with heart failure with reduced ejection fraction (HFrEF) noting that higher doses may be appropriate in a given patient.




	Table 2.

	
	Weight range
	Initial Dose
	Prophylactic Target
	Reduced EF Target†
	Uptitration Amount#

	ACE INHIBITORS (ACEI)

	Enalapril
	< 50kg
	0.05-0.1 mg/kg BID
	0.1 mg/kg BID
	0.2 mg/kg BID
	0.05-0.1mg/kg/dose

	
	≥ 50 kg
	2.5 mg BID
	5mg BID
	10mg BID
	2.5 mg/dose

	Lisinopril
	< 50 kg
	0.1 mg/kg daily
	0.1 mg/kg daily
	0.4 mg/kg daily
	0.1 mg/kg/dose

	
	≥ 50kg
	5 mg daily
	10mg daily
	20mg daily
	5mg/dose

	Perindopril
	≥ 50 kg
	2 mg daily
	4 mg daily
	8 mg daily
	2 mg/dose

	ANGIOTENSIN RECEPTOR BLOCKERS (ARB)

	Valsartan
	≥ 50 kg
	40 mg BID
	80 mg BID
	160 mg BID
	40 mg/dose

	Losartan
	≥ 50 kg 
	25 mg daily
	50 mg daily
	150 mg daily
	25 mg/dose

	# Doses are generally titrated every 2-3 weeks prior to HFrEF and may be uptitrated in 1-2 week increments in patients with HFrEF with appropriate monitoring or every few days in closely monitored (inpatient). 
† Routine use of combined high dose MRA and ACEI/ARB may be harmful. Close monitoring of potassium with uptitration or initiation/titration of other medications that may cause hyperkalemia is warranted. 





Therapeutic monitoring
· Baseline Cystatin C and basic metabolic panel should be considered in all patients, especially those with higher risk of renal disease.
· It is reasonable to start lower dose, prophylactic target medications without baseline labs if no other concerns for renal disease, and not initiating concomitant MRA.
· Repeating labs with significant dose titrations should be strongly considered
· For younger patients on stable dosing repeat labs every 12-24 months; recommend checking every 12 months in older patients, or in patients currently taking medications known to cause hyperkalemia, or with clinical deterioration 
· Blood pressure (BP)
· Medications should continue to be uptitrated if BP remains at least > 90/506 mmHg unless patients are symptomatic;
· BP goals should be adjusted based on age and weight derived normative blood pressure tables7
· Older patients with DMD may tolerate blood pressures < 90/50 mmHg and goals may be titrated on an individual basis at the discretion of the cardiologist with appropriate monitoring
· A home blood pressure cuff can be a useful adjunct for uptitration, `though it is not required
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Indication for Initiation of Therapy

· Beta-blocker therapy is recommended for patients with systolic dysfunction in the Care Considerations and AHA guidelines.1, 2  While the data are not yet definitive, this would also be consistent with evolving data in adults with HFmrEF, especially those with a downward trajectory in systolic function.8 The 2022 AHA/ACC/HFSA Guideline also gives a 2b recommendation for BB for patients HFmrEF. Based on these data and the existing recommendations we propose the following indications for initiating therapy (Table 3):

· Beta-blocker therapy is recommended for patients with DMD and with evidence systolic dysfunction (LVEF < 55% and/or SF < 28%)
· Patients with DMD commonly have sinus tachycardia prior to onset of systolic dysfunction and this may be a predictor of risk for disease progression.9, 10  While tachycardia and autonomic dysfunction are well described, it remains unclear if therapy modifies this risk or disease trajectory. 
· It is reasonable to consider the initiation of BB therapy in patients with persistent sinus tachycardia or patients with symptomatic sinus tachycardia as defined by published, age specific values.11, 12

Medication dosing
· Optimal dosing prior to onset of LVEF <40% has not yet been established.  Recommendations described herein are based on expert consensus at the time of the current harmonization/reconciliation document.  Goal Target Dose is based on major guidelines for therapy in patients with HFrEF noting that higher doses may be appropriate in a given patient.  
· For patients in whom beta-blocker therapy is initiated for sinus tachycardia dosing should be goal directed using age based norms.11, 12 
	Table 3. 

	
	Weight range
	Initial Dose
	Initial Target Dose prior to Reduced EF
	Reduced EF Target
	Uptitration Amount#

	Beta-blockers

	Carvedilol
	< 50 kg
	0.05-0.1 mg/kg BID
	0.25 mg/kg BID
	0.5 mg/kg BID
	0.05-0.1 mg/dose

	
	≥ 50 kg
	3.125 mg BID
	12.5 mg BID
	25 mg BID
	3.125-6.25 mg/dose

	Metoprolol succinate
	< 50 kg
	0.25-0.5 mg/kg/day
	1 mg/kg daily
	2 mg/kg/day
	12.5 mg

	
	≥ 50 kg
	25 mg daily
	100 mg daily
	200 mg daily
	25 mg/dose

	# Doses are generally titrated every 2-3 weeks prior to HfrEF and may be uptitrated in 1-2 week increments in patients with HfrEF with appropriate monitoring or every few days in closely monitored patients (inpatient)
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Indication for Initiation of Therapy

· Preliminary evidence suggests MRA therapy is associated with a decrease in the decline of strain in patients with DMD.13  Further studies are needed to assess the long term implications of these early changes, though reduced strain abnormalities have recently been shown to predict those at risk for developing systolic dysfunction.14 Based on these data the Care Considerations has noted MRA therapy may be a useful adjunct therapy, but that long term investigations are needed.1  The AHA guidelines have suggested that it is reasonable to consider the use of MRA therapy in the presence of systolic dysfunction and that it may be considered in the setting of LGE on cMRI.2 For patients unable to tolerate cMRI or where regular cMRI screening is limited, it is reasonable to initiate MRA therapy at age 12 given the average age of first LGE detection.5, 15 The 2022 AHA/ACC/HFSA Guideline gives a 2b recommendation for initiating MRA therapy for patients HFmrEF. Based on these data and the existing recommendations we propose the following indications for initiating therapy (Table 4).  

· It is reasonable to consider the initiation of MRA therapy in patients with LGE on CMR or if there are ECG findings suggestive of fibrosis (e.g. deep and wide q-waves in lateral limb or precordial leads)

· It is reasonable to initiate MRA therapy in DMD by age 12 if CMR is unavailable or patients are unable to tolerate MRI without sedation/anesthesia

· It is reasonable to initiate MRA therapy in DMD in the presence of systolic dysfunction at any age

· MRA therapy is recommended for patients with DMD in the presence of systolic dysfunction (LVEF < 55% and/or SF < 28%) AND elevated natriuretic peptides

Medication dosing

· There appears to be no significant difference in the agent used, when assessing the change in strain.16  While there has not been a direction comparison of 25 mg vs 50 mg dosing within a single trial cohort, there may be benefit for targeting the higher dose when considering the preservation of strain as an endpoint.


	Table 4.

	
	Weight Range
	Initial Dose
	Prophylactic Target
	Reduced EF or
+ LGE Target*†
	Uptitration Amount#

	MRA

	Eplerenone
	≥ 50 kg
	25 mg daily
	25 mg daily
	50 mg daily
	25 mg/dose

	Spironolactone
	< 50 kg
	0.25-0.5 mg/kg daily
	0.5-1 mg/kg daily
	0.5-1 mg/kg daily
	0.5-1 mg/kg/dose

	
	≥ 50 kg
	12.5 mg daily
	12.5 mg daily
	25-50 mg daily
	12.5-25 mg/dose

	*Weight based adjustments are reasonable based on patient size for patients < 50 kg.
# Doses are generally titrated every 4 weeks with associated monitoring of potassium with uptitration or initiation/titration of other medications that may cause hyperkalemia. 
†Routine use of combined high dose MRA and ACEI/ARB may be harmful. Close monitoring of potassium is warranted.




Therapeutic monitoring

· Baseline Cystatin C and basic metabolic panel should be considered in all patients, especially those with higher risk of renal disease or those on multiple therapies which can lead to hyperkalemia.
· It is reasonable to start low dose, prophylactic target medications without baseline labs if no other concerns for renal disease and no other therapies which can lead to hyperkalemia
· Repeating labs with significant dose titrations should be strongly considered
· For younger patients on stable dosing repeat every 12-24 months; recommend checking every 12 months in older patients, in patients currently taking medications known to cause renal injury, medications which can lead to hyperkalemia, or with clinical deterioration 
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Indication for Initiation of Therapy

· There is no significant data on sacubitril/valsartan in patients with DMD, and its use is not specifically addressed in in the Care Considerations or the Management of Cardiac Involvement Associated with Neuromuscular Diseases guidelines. Given this, the recommendations described are based on existing results from the non-DMD adult heart failure trials and the AHA and ESC chronic heart failure treatment guidelines.17, 18  The 2021 Update to the 2017 ACC Expert Consensus Decision Pathway for Optimization of Heart Failure Treatment notes that ARNI is preferred to ACEI/ARB, while the European Society of Cardiology 2021 Guidelines for the Diagnosis and the Treatment of Acute and Chronic Heart Failure suggests that an ARNI may be considered as first-line therapy instead of an ACEI or with persistent symptoms despite ACEI/beta-blocker/MRA therapy. It also remains unclear if any statement of preference should apply to DMD in particular. Thus, while acknowledging the lack of date for ARNIs in DMD specifically, we propose the following indications for initiating therapy (Table 5):

· The use of an ARNI can be considered in place of ACEI/ARB therapy for DMD patients with an LVEF <40% in the setting of a background of guideline directed medical therapy (GDMT).
Medication dosing
· Goal Target Dose is based on major guidelines for therapy in patients with heart failure with reduced ejection fraction (HFrEF) noting that higher doses may be appropriate in a given patient. See table for recommendations in patients >50kg. Dosing for patients <50kg should be weight-based. There are also tables for converting doses for patients on a stable ACEi/ARB that may be beneficial and avoid a decrease in dose. Anecdotal experience suggest achieving target doses may be especially challenging in frail, non-ambulatory DMD patients. This experience is consistent with the higher frequency of symptomatic hypotension in adult heart failure trials, combined with concerns for renal dysfunction and hyperkalemia in this population.  

	Table 5.

	
	Weight Range
	Initial Dose
	Reduced EF Target*†
	Uptitration Amount#

	Angiotensin Receptor-Neprilysin Inhibitor (ARNI)

	Sacubitril/valsartan
	< 50 kg
	0.8 mg/kg BID
	3.1 mg/kg BID
	0.7-0.8 mg/kg/dose

	
	≥ 50 kg
	24/26 mg BID
	97/103 mg BID
	24/26 mg/dose

	*Weight based adjustments are reasonable based on patient size for patients < 50 kg
# Doses are generally uptitrated in 1-2 week increments in patients with HFrEF with appropriate monitoring or every few days in closely monitored (inpatient). 
† Routine use of combined high dose MRA and ARNI may be harmful. Close monitoring of potassium with uptitration or initiation/titration of other medications that may cause hyperkalemia is warranted. 



Therapeutic monitoring

· Baseline Cystatin C and basic metabolic panel
· Repeat with each dose increase 
· For patients on stable dosing repeat every 6-12 months, with addition of medications known to cause hyperkalemia, or clinical deterioration
· Blood pressure (BP)
· Medications should continue to be uptitrated if BP remains at least > 90/506 mmHg unless patients are symptomatic;
· BP goals should be adjusted based on age and weight derived normative blood pressure tables7
· Older patients with DMD may tolerate blood pressures < 90/50 mmHg and goals may be titrated on an individual basis at the discretion of the cardiologist with appropriate monitoring
· A home blood pressure cuff can be a useful adjunct for uptitration, though it is not required
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Indication for Initiation of Therapy

· There is no significant data on the use SGLT2i in patients with DMD, and its use is not specifically addressed in in the Care Considerations or the Management of Cardiac Involvement Associated with Neuromuscular Diseases guidelines. Given this, the recommendations described are based on existing results from the non-DMD adult heart failure trials and the AHA and ESC chronic heart failure treatment guidelines as well as expert consensus.17, 18 Thus, while acknowledging the lack of data for SGLT2is in DMD specifically, we propose the following indications for initiating therapy (Table 6):

· The use of an SGLT2i should be strongly considered in DMD patients with an LVEF <40% in the setting of a background of guideline directed medical therapy (GDMT) and without an additional contraindication.
· SGLT2i therapy can be considered for patients with DMD in the presence of systolic dysfunction (LVEF < 55% and/or SF < 28%) AND elevated natriuretic peptides

Medication dosing
· Goal Target Dose is based on major guidelines for therapy in patients with heart failure with reduced ejection fraction (HFrEF). See table for recommendations in patients >50kg. Dosing for patients <50kg has not yet been clarified. Anecdotal experience suggest an initial 5 mg dosing regimen of dapagliflozin may be utilized in smaller patients with borderline or low blood pressure and challenges with liquid intake, while acknowledging this dose is not consistent with guideline recommended dosing.  
Additional consideration/precautions 
· The frequency of urinary tract infections and genital infections is increased in patients on SGLT2i. Patients with DMD are at risk for each of these infections and these can be severe independent of SGLT2i therapy. A individualized discussion of the the risks and benefits based on a patient’s dermatologic and urologic history is recommended.

	Table 5.

	
	Initial Dose
	Goal Target Dose*†
	Uptitration Amount#

	SODIUM-GLUCOSE COSTRANSPORTER-2 INHIBITORS (SGLT2I)

	Dapagliflozin
	10 mg daily
	10 mg daily
	n/a

	Empagliflozin
	10 mg daily
	10 mg daily
	n/a

	*Weight based adjustments are reasonable based on patient size for patients < 50 kg. 
# Doses are generally uptitrated in 1-2 week increments in patients with HFrEF with appropriate monitoring or every few days in closely monitored (inpatient). 



Therapeutic monitoring

· Baseline Cystatin C and basic metabolic panel
· Repeat with each dose increase 
· For patients on stable dosing repeat every 6-12 months
· Blood pressure (BP)
· Medications should be continued if BP remains at least > 90/506 mmHg unless patients are symptomatic;
· Older patients with DMD may tolerate blood pressures < 90/50 mmHg and individualized BP goals should be developed at the discretion of the cardiologist with appropriate monitoring
· A home blood pressure cuff can be a useful adjunct for patients with borderline BP or history of symptomatic hypotension.
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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 DMD 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. 
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