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Abstract

Care Considerations for Duchenne Muscular Dystrophy were published in 2010. However, little is 

known about the extent to which these considerations were implemented after publication. With 

this article, we provide direction on evaluating the uptake of the 2018 Duchenne Muscular 

Dystrophy Care Considerations. We identify key elements of care and present suggestions for their 

use in evaluation and research.

The need for consistent, comprehensive, and standardized management of Duchenne 

muscular dystrophy (DMD) led to the publication of the 2010 DMD Care Considerations in 

Lancet Neurology, which was sponsored by the Centers for Disease Control and Prevention 

(CDC).1,2 After publication, advocacy groups disseminated the document through several 

means. First, Translational Research in Europe–Assessment and Treatment of 

Neuromuscular Diseases (TREAT-NMD) and Parent Project Muscular Dystrophy (PPMD) 

created a booklet, distilling the care considerations for families and caregivers.3 Second, 

PPMD, TREAT-NMD, and United Parent Projects Muscular Dystrophy distilled the contents 

into a 1-page summary, the “Imperatives for DUCHENNE MD.”4 Third, PPMD developed 
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the Certified Duchenne Care Center (CDCC) program to operationalize the 2010 DMD Care 

Considerations and certify neuromuscular centers in the United States capable of delivering 

the comprehensive Duchenne care outlined in the 2010 DMD Care Considerations.5 Fourth, 

the PPMD DuchenneConnect registry, a patient-reported outcomes registry that includes 

data from over 4000 families, began collecting data reflecting care and services received by 

families from the United States and around the world. Fifth, the Muscular Dystrophy 

Association (MDA) launched the US Neuromuscular Disease Registry, a pilot program used 

to collect a wide range of provider-entered clinical data from individuals with DMD and 

other neuromuscular conditions who receive care at MDA Care Centers.6 MDA also 

launched a recertification process for all MDA care centers, which are expected to adhere to 

standards of care for neuromuscular disease.

Although these efforts enhanced dissemination of the care considerations to clinicians and 

families, little information was gathered about how well health care providers implemented 

the care considerations or about the impact on patient health outcomes. The knowledge is 

limited because no a priori organized implementation and evaluation plan was established 

for the 2010 DMD Care Considerations to encourage evaluations. In addition, distal patient 

outcomes in this population are challenging to assess.

The 3-part 2018 DMD Care Considerations, sponsored by the CDC,7–9 includes 3 new topic 

areas (bone health, primary and emergency care, and transitions) in addition to the 8 sections 

from the 2010 DMD Care Considerations, which have been updated to reflect recent clinical 

care best practices for DMD. The update reiterates the multidisciplinary focus of the 2010 

Care Considerations and encourages anticipatory management to mitigate likely 

complications. New approaches for diagnostics and therapeutic interventions were added to 

the sections. Here, we suggest outcomes for evaluating implementation of the 2018 Care 

Considerations and propose methods for evaluation.

EVALUATION OF THE FIRST CARE CONSIDERATIONS

Implementation is a specific set of activities intended to put a program into practice 

(specifically, a program that is institutionally sanctioned, formally defined, consciously 

planned, and intended to lead to a changed outcome).10–13 Assessments of the 

implementation of the 2010 Care Considerations have generally been limited to the 

frequency of clinic visits and specialist visits14–16 as opposed to the evaluation of the care 

implemented and its quality. Landfeldt et al14 examined whether patient care was consistent 

with the 2010 DMD Care Considerations in Germany, Italy, the United Kingdom, and the 

United States. Their findings from an online survey of patients and caregivers indicated that 

fidelity to the 2010 DMD Care Considerations varied based on country and by specialist. 

The authors found thata less-than-optimal proportion of patients had the recommended 

frequency of visits to specialists. For example, 48% to 80% of patients followed the 

recommended twice-yearly number of visits to a physiotherapist. For neuromuscular 

specialist visits, 27% to 72% followed the recommended frequency of visits. Some patients 

had poor access to orthotic devices.
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In another evaluation of clinic visits, Andrews et al17 abstracted the medical records of 299 

patients from various Muscular Dystrophy Surveillance and Tracking Network (MD 

STARnet) sites in Arizona, Colorado, Iowa, and Western New York.18 They examined 

frequency of visits to health providers during a three year period to evaluate the degree to 

which visits aligned with the 2010 DMD Care Considerations. The authors found that 97% 

of patients visited a neuromuscular provider at least once, and most (64%) met the 

semiannual visits suggested in the 2010 DMD Care Considerations.15 However, the authors 

found that frequency of visits to other specialists varied. For example, just 20% of the 

patients saw an endocrinologist and only 40% visited an orthopedist in the three year period 

examined.

An evaluation of the frequency of clinic visits can be a good indicator of whether patients 

are receiving care from the right specialists at the right time, but it does not reveal whether 

patients are receiving care that follows best practices. An assessment of greater depth would 

be necessary to assess quality of care. For example, Conway et al19 surveyed 6 clinic 

directors from MDA-supported clinics within MD STARnet to inquire about the 

management of care and therapies for muscular dystrophy at their clinic. The authors found 

some adherence to the 2010 DMD Care Considerations. For instance, as suggested, all 

clinics offered genetic testing, genetic counseling, and cardiac monitoring.16 However, they 

also found that less than half of the surveyed clinics followed considerations for 

neuropsychological interventions. In light of these findings, there was room for 

improvement with regard to adherence to the 2010 DMD Care Considerations.

The 2010 DMD Care Considerations were difficult to evaluate in part because the most 

critical elements were not marked as such. In the 2018 update, key elements were identified 

(see Figs 1–5 in part 1 of the updates for a summary7). Here, we operationalize the 2018 

DMD Care Considerations to improve stakeholders’ capacity for measuring adherence and 

suggest ways to use the elements for evaluation and research.

THE COMPLEXITY OF IMPLEMENTATION

Our purpose in operationalizing the 2018 DMD Care Considerations by defining key 

considerations in measurable terms is to facilitate the evaluation of implementation, rather 

than provide a prescriptive strategic plan for implementation or delivery. Figures 1–5 contain 

the key considerations that are useful for evaluating implementation outcomes.

An understanding of implementation science is helpful in recognizing the situations in 

which the elements listed in Figs 1–5 may be useful. Proctor et al20 and others21 who are 

interested in the measurement of quality of care, distinguished implementation outcomes 

from service (eg, efficiency, safety, effectiveness) and patient (eg, functioning and 

symptomatology) outcomes. Implementation outcomes refer to the effect of conducting a 

new program and are measured by success in program delivery, which are accounted for by 

various outcomes, including acceptability, adoption, and fidelity.20 Acceptability measures 

the degree to which stakeholders agree or are satisfied with a program.18 The extent to 

which patients, their family members, and health providers agree with the considerations for 

care is 1 way for evaluators to assess acceptability. A high level of acceptance among 
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stakeholders increases the likelihood of adoption. Adoption is the decision or action taken to 

conduct an innovation or evidence-based practice. In the case of the 2018 DMD Care 

Considerations, adoption could be measured by health professionals’ choice to follow them 

or by health institutions’ decision to alter procedures and policies to conform to them. 

Fidelity, or adherence, is the degree to which a program is implemented as intended by its 

developers.20 Health providers and institutions could choose to adopt some care 

considerations and not others. Appropriateness or relevance for the setting, implementation 

cost, feasibility or likelihood of successful implementation, penetration or coverage, and 

sustainability are other ways that Proctor et al20 suggest assessing implementation outcomes. 

We mainly address acceptability, adoption, and fidelity because these are the most relevant 

outcomes of implementation in the early stage of program delivery, the most practically 

useful, and the easiest to assess compared with other categories of implementation 

outcomes. Figures 1–5 is intended for use in evaluating these 3 outcomes of implementation 

of care considerations.

Implementation can be an end goal or a process that is intermediate to distal patient outcome 

goals. Stakeholders can use the key care considerations detailed here as outcomes for 

measuring implementation adherence or as intermediate outcomes for a program to improve 

the health and well-being of people with DMD.

Other evaluation issues may be considered when measuring implementation success. Proctor 

et al12,20 suggest that when an intervention or innovation fails, it is helpful to distinguish 

between treatment ineffectiveness and implementation strategy failure. An intervention will 

not improve patient outcomes when delivered inappropriately, nor will the intervention be 

effective even when delivered appropriately if it is not a good fit for the setting in which it is 

delivered. Context affects implementation fidelity, and it refers to the ecology of the setting 

in which the program is implemented. There are a multitude of contextual factors that 

account for successful implementation. These factors differ across sites such that different 

settings have varying capacity to succeed in implementing the care considerations. 

Adherence is influenced by the complexity of the intervention, the quality of strategies to 

deliver the intervention, and participants’ reception to the intervention.22 For care 

considerations, variables that are likely to influence the success of implementation include 

health providers’ attitudes toward the content, the capacity of the setting to conduct the 

recommended testing and procedures, the clarity and adequacy of training to conduct them, 

and leaders’ commitment to implementation. Financial constraints and staffing limitations 

are pragmatic concerns that are likely to influence adoption of and fidelity to the care 

considerations.

Some topic areas in the 2018 DMD Care Considerations are more specific than others, and 

typically those that are specific are more likely to be followed.23 The DMD Care 

Considerations are complex, and this may be a challenge for adoption and adherence. 

Malleability of intervention components and the degree of autonomy, discretion, or 

flexibility of users’ environments can also affect the success of an intervention.13 Flexibility 

in implementation as well as discretion and choice for health care professionals and 

individuals with DMD lead to successful implementation of the 2018 DMD Care 

Considerations. Ideally, health care providers will have the freedom to manage patient care 
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as recommended in the 2018 DMD Care Considerations, and patients and families will have 

the means to follow them. Other factors, like readiness for change, organizational culture, 

leadership support, and resource availability, can facilitate or hinder implementation.22,24

DEVELOPMENT OF CARE CONSIDERATIONS EVALUATION

The care elements for evaluation are designed to provide a common set of criteria for 

implementing the 2018 Care Considerations in a variety of settings. An evaluation 

committee of staff from CDC, PPMD, MDA, and the MD STARnet project took the 

complete 2018 Care Considerations and identified and organized the patient outcome goals 

for each category of care (Table 1). Evaluability, selection of key elements, potential data 

sources for evaluation, methods for evaluation, and uses for the identified elements were 

discussed. In addition to the first papers of the 2018 Care Considerations,7–9 the committee 

examined other sources to operationalize the key elements (Figs 1–5), including the tools 

used for CDCC certification,5 the data elements from MDA’s registry,25 and the indicators 

used for evaluating the 2010 Care Considerations by using MD STARnet data.15,16 When 

the evaluation committee had agreed on the set of measurable care elements, the committee 

chair of each care domain vetted and approved them. The committee chairs of each care 

domain were the lead authors of their sections of the 2018 Care Considerations.

Despite the differences in care domains that stakeholders might choose to emphasize when 

adopting the care considerations, the goals for implementation (ie, providing elements of 

DMD care consistent with the 2018 DMD Care Considerations) should nevertheless remain 

the same. For example, 1 clinic may have the capability to diagnose DMD and thus should 

use the diagnostic elements. Another clinic may provide endocrine care and so may focus on 

improving evaluations for endocrine management. Health providers may choose the items 

most relevant to their team at their clinic. We are not suggesting that piecemeal 

implementation of the care considerations is acceptable. Rather, we suggest that all elements 

that a clinic or individual health provider is capable of providing be evaluated in agreement 

with Fig 1. These common indicators are designed to be tailored to the goals of each 

provider and program, especially given the contextual variance across settings noted 

previously.

USING THE KEY CARE CONSIDERATIONS

Setting Benchmarks for Care

We aim to set the groundwork for evaluation with Fig 1–5 and Table 1. A typical logic 

model outlines the theory of change for a program. It specifies how resources, activities, and 

the products of these activities result in the accomplishment of stated goals. It is important 

for an entity engaging in change to define the common goals for that change at the outset. 

The domain-specific goals in Table 1 may help in recognizing the patient outcomes to which 

adherence to the care elements are intended to contribute.

Benchmarking is a standardized process for collecting and reporting data to allow 

performance comparisons across programs, sites, or organizations.26 Benchmarking also 

improves quality of care and reduces inequalities in health care delivery through 
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standardization of care.23,26 Having objective and specific indicators for the 2018 Care 

Considerations may reduce variability of care and improve the likelihood of standardized 

care. The first step in benchmarking is to determine the element(s) to benchmark and 

quantify the reference point for assessing performance.27 For example, if a DMD clinician 

or their institution is interested in improving early diagnosis of DMD, an indicator for 

evaluation might be the proportion of patients who receive genetic testing or are offered 

genetic testing. The clinician or institution can set a goal of reaching a rate comparable to an 

agreed-on standard for early diagnosis. Clarifying care goals in the beginning allows 

program planners to define indicators of success more clearly.

Continuous Quality Improvement

Data are most useful when they guide action. The elements found in the 2018 Care 

Considerations can be used to monitor performance and continuous quality improvement. 

The plan-do-study-act cycle is often used to facilitate program improvement.28 It is helpful 

to begin with a logic model during the planning stage and identify specific elements for 

monitoring, plan a method for tracking them, and set benchmarks for assessing them. 

Multiple data sources and data collection methods may be necessary for comprehensive 

evaluation. Although some elements like clinic visits, steroid use, imaging studies, and other 

measurable activities may be readily monitored and evaluated through retrospective analysis 

of electronic health records, elements that are not typically entered in medical records, such 

as items pertaining to transition and psychosocial issues, will need to be obtained through 

primary data collection (eg, questionnaires, interviews, focus groups). Program evaluators 

are likely to find that more a priori evaluation planning is needed for nonmedical care 

elements (eg, elements related to quality of life, such as community participation and 

transitions of care across the lifespan), because these may require staff support for 

collection, maintenance, and monitoring of data. Closely reviewing performance on care 

elements during the “do” stage of the plan-do-study-act cycle (the stage during which the 

program plan is implemented) is critical for gauging the capacity of an individual health 

provider or institution to adhere to the Care Considerations. Qualitative data may provide 

insight when implementers fall short of benchmarks.

Implementation Research

Implementation outcomes can be assessed by using several methods. They can be assessed 

at the individual or organizational level through surveys, interviews, observational study, and 

analysis of administrative data. PPMD can evaluate the crude adoption rate of the 2018 Care 

Considerations by calculating the number of care centers applying for certification divided 

by the total number of centers that could apply for certification. Because PPMD’s 

certification criteria require adherence to the care considerations, the number of care centers 

that achieve certification could be an indication of how well they have been adopted in those 

DMD care centers across the United States. Clinic experience surveys are completed 

annually by families and returned to each center, providing data on the care and services 

received and serving as the means to inform and track continuous quality improvement. 

Additionally, PPMD’s DuchenneConnect Registry allows families to report clinical 

outcomes, which could be used to gauge the influence of care considerations on patient 

outcomes. MDA’s US Neuromuscular Registry25 helps MDA care centers implement a 
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quality improvement program, collecting longitudinal patient data for benchmarking clinical 

best practices at participating sites. MDA’s registry can be used for evaluating 

implementation nationally and allow tracking of adherence over time.

Evaluating adoption of the care considerations at the individual health provider level is 

possible but may be more challenging than evaluation at the organizational level. A self-

report questionnaire could be sent to health providers who care for individuals with DMD to 

assess adoption and acceptability of the care considerations. Findings generated by using 

this research method would need to be shared with the caveat that providers may not always 

accurately report their care or may report their compliance with the 2018 DMD Care 

Considerations using their own interpretation of the content. However, using the common 

elements specified in this document should limit bias from misinterpretation. All 

assessments of adoption and acceptability should include measurements of satisfaction with, 

agreement with, and intention to follow the components of the considerations for care. 

Although the target audience for the 2018 DMD Care Considerations is health care 

providers, families and affected individuals will decide whether to accept the care services 

offered. Patient and family attitudes toward it may be a good measure of the appropriateness 

of the care considerations. Implementation is more likely to succeed if patients and families 

view the considerations for care as feasible for them to follow.

MD STARnet18 may be useful for assessing fidelity and adherence to the care 

considerations. MD STARnet contains rich data on provision of care for individuals with 

DMD, but it can only assess fidelity indirectly. Although surveillance data can evaluate the 

consistency between 2018 DMD Care Considerations and care provided, assessing whether 

changes in care resulted from adopting the care considerations may not be possible. Data on 

the key elements can be examined longitudinally, and any changes before and after release 

of the 2018 Care Considerations may be a crude indication of whether they have influenced 

care for individuals with DMD.

Another method for assessing adherence to the care considerations would be a longitudinal 

analysis of administrative data, such as claims data. One drawback to this method is that the 

International Classification of Diseases code for DMD is currently the same code used for 

other types of muscular dystrophy; therefore, patients with DMD cannot be distinguished 

from patients with other muscular dystrophies. Leading advocacy groups, such as PPMD 

and MDA, have the means to collect primary data from health care providers, affected 

individuals, and their families. PPMD’s CDCC program and DuchenneConnect’s patient-

reported outcomes registry, along with MDA’s US Neuromuscular Registry, are able to track 

adoption and adherence to the key elements. Thus, these organizations offer avenues for 

implementation outcomes research.

Limitations

Evaluation of the implementation of the 2018 DMD Care Considerations is not advisable 

until the document has been fully disseminated. To maximize reach, the CDC and advocacy 

groups plan to disseminate the 2018 DMD Care Considerations through online checklists for 

families, training for providers, and promotion through social media activities.
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The 2018 DMD Care Considerations were developed from evidence and expert opinion, but 

acceptance by the larger community of DMD health care practitioners is only assumed. 

Practitioners may be skeptical about effectiveness, concerned about the legal consequences 

and cost of implementation, and uncomfortable with a perceived reduction in their autonomy 

to manage their patients’ care.29 Despite these concerns, it is reasonable to believe that 

health providers will be satisfied with the 2018 DMD Care Considerations. First, the care 

considerations are informed by the most current science on Duchenne care. Second, leading 

scholars and practitioners in their respective disciplines led the writing of each care domain. 

This process occurred collaboratively, with the considerations for care being driven by 

consensus.

Ideally, evaluation of the implementation of the care considerations would provide evidence 

that they lead to the improved health and well-being of patients with DMD. However, 

establishing a causal link between adherence to care recommendations and patient outcomes 

at the population level is likely to be challenging. It is probable that adherence to the 2018 

DMD care considerations has a cumulative effect, in that the more the care elements are 

adhered to, the better the patient outcomes for health-related quality of life and prolonged 

survival. Longitudinal tracking of the association between adherence to elements of the care 

considerations and patient outcomes can inform the assessment of its impact.

Contextual factors can facilitate successful implementation of the DMD Care 

Considerations. Future research could seek to understand these factors, as well as the 

mediating and moderating factors leading to the successful delivery of the care elements as 

described in the considerations. Ultimately, a greater understanding of contextual influences 

on implementation of care recommendations will improve the sophistication of future 

iterations of the care considerations.
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FIGURE 1. 
Key 2018 DMD Care Considerations, by stage and domain. This table was adapted from 

Figure 1 in part 1 of the 2018 DMD Care Considerations.7 ACE, angiotensin converting 

enzyme; ADD, attention deficit disorder; ADHD, attention-deficit/hyperactivity disorder; 

cMRI, cardiac MRI; ECG, electrocardiogram; FVC, forced vital capacity; GAD-7, 

Generalized Anxiety Disorder 7-item Scale; GERD, gastroesophageal reflux disease; IEP, 

individual education plan; MEP, maximum expiratory pressures; MIP, maximum inspiratory 

pressures; NMS, neuromuscular specialist; OCD, obsessive-compulsive disorder; OH, 

hydroxy; PARS III, Personal Adjustment and Role Skills Scale; PHQ, Patient Health 

Questionnaire; PHQ-9, Patient Health Questionnaire 9-item depression scale; PETCO2, end-

tidal partial pressure of carbon dioxide in the blood; PM&R, physical medicine and 

rehabilitation; PT, physical therapist; PTcCO2, transcutaneous partial pressure of carbon 

dioxide in the blood; RDN, registered dietitian nutritionist; Spo2, blood oxygen saturation; 

VF, vertebral fracture. a A 504 plan specifies a school’s plan to accommodate the learning 

needs of a child with a disability.
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FIGURE 2. 
Key 2018 DMD Care Considerations, by stage and domain, continued.

Ong et al. Page 12

Pediatrics. Author manuscript; available in PMC 2018 December 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 3. 
Key 2018 DMD Care Considerations, by stage and domain, continued.
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FIGURE 4. 
Key 2018 DMD Care Considerations, by stage and domain, continued.
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FIGURE 5. 
Key 2018 DMD Care Considerations, by stage and domain, continued.
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TABLE 1

Patient Outcome Goals for Each Category of Care, 2018 DMD Care Considerations

 Care Category Patient Outcome Goal

Diagnosis Accurate, confirmed diagnosis of DMD

Neurology Comprehensive disease management that is guided by
 appropriate medical assessment and intervention across
 the whole course of the disease

Rehabilitation Delay the development of contractures and deformity,
 minimize pain, protect skin integrity, and prolong
 function and ambulation

Orthopedic and/or surgical management Maintain motor function as long as possible, minimize joint
 contractures, maintain a straight spine, and promote
 bone health

Endocrinology (bone health
 management)

Mitigate osteoporosis progression and facilitate recovery in
 those with early signs of osteoporosis and in those with
 limited potential for medication-unassisted recovery

Endocrinology (growth and puberty) Minimize linear growth impairment, mimic normal pubertal
 development, and prevent life-threatening adrenal crisis

Pulmonary Decrease respiratory complications and preserve
 respiratory muscle function

Cardiology Maximize duration of the heart, delay the onset of heart
 failure and abnormalities

Gastrointestinal and nutrition Prevent undernutrition, malnutrition, and overweight or
 obesity

Psychosocial Psychosocial support across the life span that is used to
 promote thinking about the future and set expectations
 that individuals will actively participate in their care and
 daily activities

Transition of care across the life span Successful navigation in the transition from adolescence to
 adulthood
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