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The muscular dystrophies (MDs) are a heterogeneous
group of genetically determined myopathies. Identification of underlying genetic defects has demonstrated
that MDs exhibit significant phenotypic and genetic
heterogeneity. One genetic mutation can lead to a
variety of phenotypes while different genetic mutations can manifest similar phenotypes; therefore
MDs are challenging to diagnose.
A major goal of health care reform in the United
States is to replace the traditional fee-for-service
model with a value-based system, which incentivizes
high-quality care. Quality measurement is an integral
and necessary part of this process.1,2 While standardizing care of MDs can be challenging because of their
heterogeneity, common themes of management, such
as the maintenance of nutrition, sustaining mobility,
and management of complications, are applicable to
many MDs. We report a quality measurement set for
the management of MDs.
BACKGROUND Prevalence of MDs. MDs are rare disorders. The most common form, Duchenne MD
(DMD), affects 1/3,500–6,000 male births yearly
in the United States, representing approximately
50% of all cases.3–6 Myotonic dystrophy (DM), the
most common adult-onset MD, has an estimated
prevalence of 11/100,000.7 Facioscapulohumeral
dystrophy (FSHD) is the third most common form,
with a prevalence of 4–6/100,000.8,9

Challenges in the diagnosis and management of MDs.

MDs often present with nonspecific symptoms such
as muscle weakness, which are features of many other
diseases. Accurate diagnosis is a prerequisite for
appropriate management and cost-effective use of

medical resources. Knowledge of the specific type of
MD is necessary to define long-term prognosis, and
promotes efficient care (e.g., timely monitoring
for MDs associated with cardiopulmonary
complications and, conversely, avoiding unnecessary
testing for MDs infrequently associated with these
complications). Disease severity, rate of progression,
medical complications, and life expectancy vary
significantly with the type of MD.10–12
Impact of MD on health-related quality of life. Quality
of life (QoL) studies in MD are sparse. MD may negatively influence health-related QoL (HRQoL) in
physical and psychosocial domains.13,14 HRQoL in
DMD was not affected by the need for noninvasive
assisted ventilation in one study, suggesting that
patients’ perceptions of QoL are important to
consider when therapeutic decisions are made.15
Disparities in MD care and costs of care of MD. MD occurs worldwide and affects all races. There are scant
data regarding disparities in the care of patients with
MD. In one study,16 age-adjusted mortality rate was
higher for white patients, median age at death was
lower for black patients, and cardiac complications
were more common among MD-associated deaths
in black patients. An increase was noted over time
in age at death for white male patients, suggesting
possible inequities in access to health care.16
Costs of MD include direct health system expenditure, nonmedical costs (home modifications, transportation, professional care, travel), and indirect
expenditure (loss of productivity, absenteeism, informal caregiving). These have been estimated to be
approximately $126,000/person/year.17 In a recent
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US study,18 national costs per annum were $787 million and $448 million for DMD and DM.18
METHODS The American Academy of Neurology (AAN)
formed an interdisciplinary Muscular Dystrophy Measure Development Work Group (WG) to define quality measures to support the
delivery of high-quality care and improve outcomes for patients
with MD. The WG focused on gaps in care, identified areas of
improvement, and reviewed available clinical evidence. Process,
outcome, individual practitioner, and system-level measures were
considered, following the AAN Quality and Safety Subcommittee
process for measure development.19 The WG evaluated the
relevance of each measure to the 6 aims of health care improvement
recommended by the Institute of Medicine (National Academy of
Medicine).20 Appendix e-1 on the Neurology® Web site at Neurology.
org details the measurement set, as well as topic importance, desired
outcomes, and evidence and literature search.

This measurement set focuses on DMD,
congenital MD (CMD), FSHD, myotonic MD,
and limb-girdle MD, for which evidence supporting
a gap in care was present. Our literature search
identified 259 relevant recommendations from 19
clinical
practice
guidelines.
Peer-reviewed
publications were used where guidelines did not exist.
The WG evaluated 91 recommendations based on
the strength of evidence, validity, clinical relevance,
gaps in care, and feasibility, to serve as the basis
for 14 draft measures. At an in-person meeting on
September 16, 2013, the WG reviewed and eliminated 5 draft measures, including 2 outcome measures (patient-reported QoL and satisfaction with
care) due to lack of high-level evidence.
The 9 selected draft measures were posted on the
AAN Web site for a 30-day public comment period.
Sixty-three comments were received, with resultant revisions. The final set of 9 measures was approved by the
WG, the AAN Quality and Safety Subcommittee, the
AAN Practice Committee, and the AANI Board of
Directors. The table summarizes the measures. The
complete measure set is available online (appendix e-1).

RESULTS

DISCUSSION

A brief rationale for each measure is

provided.
for beneficial effects of corticosteroids on muscle
strength, preserving ambulation, improving pulmonary
function, delaying onset of cardiomyopathy, and
reducing the need for scoliosis surgery in DMD,21 they
remain underused. In a population-based cohort study,
only 50.9% of individuals with DMD had received
corticosteroids, and use varied widely across clinics
(8.4%–80.2%).22 In a recent survey, approximately
16% of neuromuscular specialists reported not using
corticosteroids for DMD.23
Multidisciplinary care plan. The management of MD is
complex, requires input from several specialists, and is
Neurology 85

Pulmonary evaluation. Many MDs are associated with

pulmonary complications.10,12 Impending respiratory
failure may not be preceded by symptoms, and may
only be identified by pulmonary function testing.
Respiratory failure is a major source of morbidity,
interfering with cognitive function and negatively
affecting QoL.10,12 Noninvasive ventilation and treatment of sleep-disordered breathing improve QoL and
prolong survival.26
Cardiac evaluation. Cardiac abnormalities (dysrhyth-

mias, conduction disturbances, and cardiomyopathy)
are prominent features of several MDs, and common
causes of death.10,27 Patients often do not have symptoms that precede cardiac dysfunction or sudden cardiac death, and cardiac complications may only be
identified through testing. Detection and appropriate
management of cardiac dysfunction are essential to
reduce morbidity and mortality.10,27 Patients with
MD have improved QoL following appropriate medical treatment, device placement, or surgery for cardiac complications.25
Scoliosis evaluation. Spine deformities can occur in
several MDs, resulting in pain, functional impairment, gait problems, and compromised pulmonary
function. Their management is essential to reduce
discomfort, preserve mobility or ability to sit in a
wheelchair, and reduce pulmonary complications.10,12,25 Management of scoliosis involves multiple modalities; this measure addresses only the
detection of scoliosis.
Physical, occupational, or speech/swallowing therapy.

Corticosteroid treatment in DMD. Despite the evidence

906

dependent on the subtype and stage of MD. Care
coordination is crucial to ensure that patients have
access to relevant specialists because of the need for
multisystem management. This may be performed
by a wide range of health care professionals, who
should be able to identify potential complications
proactively and appropriately refer for management.
A multidisciplinary care model with a network of providers is also endorsed by the Muscular Dystrophy
Association.10,12,24,25

Maintaining mobility and functional independence
are imperative to maximize QoL. This includes prevention and management of comorbidities, both
expected (joint contractures, scoliosis, osteoporosis,
pain, dysphagia, restrictive lung disease) and acquired
(obesity, stress fractures).10,11
Monitoring nutritional status. Dysphagia and limb
weakness may reduce oral intake, resulting in nutritional compromise and failure to thrive.10,12 Maintaining adequate nutrition and body weight is
essential for optimizing strength, function, and
QoL. Patients with CMD often have a growth curve
below that expected for age, which may be from
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Table

American Academy of Neurology muscular dystrophy quality measures

Duchenne muscular dystrophy pharmaceutical treatment
Patients with Duchenne muscular dystrophy prescribed appropriate disease-modifying
pharmaceutical therapy

or impossible for patients with severe or end-stage disease. Managing the complications of MDs reduces
morbidity, prolongs survival, and improves QoL. Implementation of these measures aims to standardize
and improve the quality of care of patients with MD.

Muscular dystrophy management
Muscular dystrophy multidisciplinary care plan developed or updated
Evaluation of pulmonary status ordered
Evaluation of cardiac status ordered
Scoliosis evaluation performed
Patient referred for physical, occupational, or speech/swallowing therapy
Nutrition status or growth trajectories monitored
Patient queried about pain and pain interference with function
MD planning and patient engagement
Patient counseled about advanced health care decision-making, palliative care, or end-of-life
issues

treatable causes (recurrent infections, cardiopulmonary complications).28 When oral intake is inadequate, other means of maintaining nutritional
intake such as percutaneous endoscopic gastrostomy
may be required.10,12 Conversely, patients with MDs
are also prone to obesity.25,28 Corticosteroid treatment can exacerbate weight gain in DMD.25
Evaluation for pain. Between 68% and 82% of patients with MDs experience pain, which may be
underrecognized.29,30 Untreated pain interferes with
physical functioning and is associated with depression.31,32 Nonpharmacologic and pharmacologic interventions are available to treat pain and improve
attendant comorbidities.
Advanced health care decision-making, palliative care,
and end-of-life issues. Patient-centered, proactive,

informed, and collaborative decision-making is
important in the care of MD. This includes
sensitively preparing patients and families for the
long-term consequences of MD and engaging in
discussions regarding end-of-life care. This helps
them to explore options, come to terms with their
condition, and prepare for the complications of their
form of MD, avoiding hasty decisions made during a
medical crisis.10,28,33 The plan should be reviewed at
regular intervals as decisions may change. However,
end-of-life care discussions may not be appropriate in
patients with early or mild MD, especially in
childhood. Palliative care minimizes suffering and
improves QoL in patients with MD.34
These quality measures, based on evidence-based
practice guidelines, represent the minimum standards
of care for patients with MDs. They are intended to
be applicable across all levels of medical care, from primary care providers to tertiary multidisciplinary clinics. This is essential, because distance and impaired
mobility may make travel to tertiary centers difficult

AUTHOR CONTRIBUTIONS
Dr. Narayanaswami contributed to study concept and design, acquisition
of data, analysis or interpretation of data, drafting/revising the manuscript, critical revision of the manuscript for important intellectual content, and study supervision. Dr. Dubinsky contributed to study
concept and design, acquisition of data, analysis or interpretation of data,
drafting/revising the manuscript, and study supervision. Dr. Wang contributed to study concept and design, acquisition of data, analysis or
interpretation of data, drafting/revising the manuscript, and study supervision. G. Gjorvad contributed to study concept and design, acquisition
of data, analysis or interpretation of data, drafting/revising the manuscript, critical revision of the manuscript for important intellectual content, and study supervision. Dr. David contributed to acquisition of
data and drafting/revising the manuscript. Dr. Finder contributed to
acquisition of data and drafting/revising the manuscript. Dr. Smith contributed to acquisition of data and drafting/revising the manuscript. Dr.
Cheng contributed to acquisition of data and drafting/revising the manuscript. Dr. Shapiro contributed to acquisition of data and drafting/revising the manuscript. Dr. Mellion contributed to acquisition of data and
drafting/revising the manuscript. Dr. Spurney contributed to acquisition
of data and drafting/revising the manuscript. Dr. Wolff contributed to
acquisition of data and drafting/revising the manuscript. Dr. England
contributed to study concept and design, acquisition of data, analysis
or interpretation of data, drafting/revising the manuscript, critical revision
of the manuscript for important intellectual content, and study
supervision.

ACKNOWLEDGMENT
The authors thank the Muscular Dystrophy Quality Measurement Set
Work Group members for their dedication, time, energy, contributions,
and work that supported the development of this article: John D. England, MD, FAAN (American Academy of Neurology), Pushpa Narayanaswami, MBBS, DM, FAAN (American Academy of Neurology), Paula
Clemens, MD (American Academy of Neurology), William S. David,
MD, PhD, FAAN (American Academy of Neurology), Gary Gronseth,
MD, FAAN (American Academy of Neurology), Carla Grosmann, MD
(American Academy of Neurology), Michelle Mellion, MD (American
Academy of Neurology), Jonathan Strober, MD (American Academy of
Neurology), Benn Smith, MD, FAAN (American Association of Neuromuscular and Electrodiagnostic Medicine), Roxanna Bendixen, PhD,
OTR (American Occupational Therapy Association), Frederic Shapiro,
MD (American Academy of Orthopedic Surgeons), Jianguo Cheng,
MD, PhD (American Academy of Pain Medicine), Robert Rinaldi, MD
(American Academy of Physical Medicine and Rehabilitation), Christopher Spurney, MD (American College of Cardiology), Shreedevi Pandya,
PT, DPT, MS (American Physical Therapy Association), Jonathan
Finder, MD (American Thoracic Society), Ryan Coates, MD (Child
Neurology Society), Jodi Wolff, PhD, MSSW (Muscular Dystrophy
Association), Meganne Leach, MSN, APRN, PNP-BC (Cure CMD),
Frank Lefevre, MD (Blue Cross Blue Shield), Richard Dubinsky, MD,
MPH, FAAN (American Academy of Neurology Facilitator), David Wang,
DO, FAHA, FAAN (American Academy of Neurology Facilitator), Gina
Gjorvad (American Academy of Neurology Staff), Becky Schierman, MPH
(American Academy of Neurology Staff), Rebecca Swain-Eng, MS, CAE
(former American Academy of Neurology staff).

STUDY FUNDING
No targeted funding reported.

DISCLOSURE
P. Narayanaswami serves on the Blue Cross Blue Shield of Massachusetts
Pharmacy and Therapeutics Committee; serves as a consultant for both
Advanced Medical and Boston Clinical Research Institute; and has
Neurology 85

September 8, 2015

907

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

received funding from MERZ Pharmaceuticals, NIH, and AHRQ for
clinical research studies. R. Dubinsky serves on an advisory board for Allergan Pharmaceuticals on the treatment of cervical dystonia and chronic
daily headache and has received honoraria and travel from them for
speaking engagements; and has received funding from the National Institute of Neurological Disorders and Stroke, NIH, and HHS for 3 clinical
research studies. D. Wang serves on the speaker’s bureau of BMS and
Boehringer-Ingelheim. G. Gjorvad reports no disclosures relevant to the
manuscript. W. David has been involved in the production of a video
CME course on EMG and neuromuscular medicine. J. Finder has delivered lectures and received travel paid by the Muscular Dystrophy Association of New Zealand, Parent Project Muscular Dystrophy, and
Muscular Dystrophy Association of Western Australia; served as a peer
reviewer for several medical journals and as an unpaid board member of
RT magazine; and has served as a defense consultant on a nonneuromuscular disease case (no affidavit or testimony was provided). B.
Smith has received compensation and travel for Grand Rounds at the
University of Vermont for lectures on Autonomic Physiology and Clinical Neurophysiology. J. Cheng has served in an editorial capacity at the
following publications: Pain Practice, World Journal of Anesthesiology, and
Journal of Perioperative Science; is the inventor of 3 devices for pain
management, 2 of which have been submitted for patent; is an editor
of the textbook Fundamentals of Pain Medicine; has received compensation from the Taiwan Pain Society for lectures he delivered; and has
received funding from the NIH on 3 clinical trials involving pain management. F. Shapiro receives royalties from Elsevier Publishers for a book
published in 2002. M. Mellion received funding for 3 studies on peripheral neuropathy. C. Spurney serves on a scientific advisory board for
Nicox. J. Wolff reports no disclosures relevant to the manuscript. J.
England serves as the Editor-in-Chief of the Journal of the Neurological
Sciences. Go to Neurology.org for full disclosures.

11.

12.

13.

14.

15.

Received February 27, 2015. Accepted in final form May 21, 2015.
16.
REFERENCES
1. Porter ME, Olmsted Teisberg E. How physicians can change
the future of health care. JAMA 2007;297:1103–1111.
2. Lee TH. Putting the value framework to work. N Engl J
Med 2010;363:2481–2483.
3. Emery AE. Population frequencies of inherited neuromuscular diseases: a world survey. Neuromuscul Disord 1991;
1:19–29.
4. Engel AG, Yamamoto M, Fischbeck KH. Dystrophinopathies. In: Engel AG, Franzini-Armstrong C, eds. Myology.
New York: McGraw-Hill; 1994:1133–1187.
5. Banwell BL. 223: Muscular Dystrophies. Available at: http://
www.macpeds.com/documents/Neuromuscular-Muscular
Dystrophies-BanwellChapter.pdf. Accessed February 15,
2014.
6. Centers for Disease Control and Prevention. Muscular
dystrophy data and statistics. Available at: http://www.
cdc.gov/ncbddd/musculardystrophy/data.html. Accessed
February 15, 2014.
7. Norwood FL, Harling C, Chinnery PF, Eagle M,
Bushby K, Straub V. Prevalence of genetic muscle disease
in Northern England: in-depth analysis of a muscle clinic
population. Brain 2009;132:3175–3186.
8. Padberg GW. Facioscapulohumeral Disease. Leiden: University of Leiden; 1982.
9. Flanigan KM, Coffeen CM, Sexton L, Stauffer D,
Brunner S, Leppert MF. Genetic characterization of a large,
historically significant Utah kindred with facioscapulohumeral dystrophy. Neuromuscul Disord 2001;11:525–529.
10. Narayanaswami P, Weiss M, Selcen D, et al. Evidencebased guideline summary: diagnosis and treatment
of limb-girdle and distal dystrophies: report of the guideline development subcommittee of the American Academy

908

Neurology 85

17.

18.

19.

20.

21.

22.

23.

of Neurology and the practice issues review panel of the
American Association of Neuromuscular and Electrodiagnostic Medicine. Neurology 2014;83:1453–1463.
Tawil R, Kissel JT, Heatwole C, Pandya S, Gronseth G,
Benatar M. Evidence-based guideline summary: Evaluation, diagnosis, and management of facioscapulohumeral
muscular dystrophy: report of the Guideline Development, Dissemination, and Implementation Subcommittee
of the American Academy of Neurology and the Practice
Issues Review Panel of the American Association of Neuromuscular & Electrodiagnostic Medicine. Neurology
2015;85:357–364.
Kang PB, Morrison L, Iannaccone ST, et al. Evidence-based
guideline summary: Evaluation, diagnosis, and management
of congenital muscular dystrophy: report of the Guideline
Development Subcommittee of the American Academy of
Neurology and the Practice Issues Review Panel of the
American Association of Neuromuscular & Electrodiagnostic Medicine. Neurology 2015;84:1369–1378.
Grootenhuis MA, de Boone JD, van der Kooi A. Living
with muscular dystrophy: health-related quality of life consequences for adults and children. Health Qual Life Outcomes 2007;5:31–38.
Uzark K, King E, Cripe L, et al. Health-related quality of
life in children and adolescents with Duchenne muscular
dystrophy. Pediatrics 2012;130:e1559–e1566.
Kohler M, Clarenbach CF, Böni L, et al. Quality of life,
physical disability, and respiratory impairment in
Duchenne muscular dystrophy. Am J Respir Crit Care
Med 2005;172:1032–1036.
Kenneson A, Kolor K, Yang Q, et al. Trends and racial
disparities in muscular dystrophy deaths in the United
States, 1983–1998: an analysis of multiple cause mortality
data. AM J Med Genet A 2006;140:2289–2297.
Access Economics for the Muscular Dystrophy Association. The Cost of Muscular Dystrophy: October 2007
Report. Available at: http://www.mda.org.au/media/
accesslaunch/ExecutiveSummary5.pdf. Accessed February
15, 2014.
Larkindale J, Yang W, Hogan PF, et al. Cost of illness for
neuromuscular disease in the U.S. Muscle Nerve 2014;49:
431–438.
Quality and Safety Subcommittee. American Academy of
Neurology Quality Measurement Manual: 2014 Update.
2015. Available at: https://www.aan.com/uploadedFiles/
Website_Library_Assets/Documents/3.Practice_Management/
2.Quality_Improvement/1.Quality_Measures/2.About_
Quality_Measures/2015%2002%2011%20Process%20
Manual%20Final.pdf. Accessed February 27, 2014.
Institute of Medicine. Crossing the Quality Chasm: A
New Health System for the 21st Century. Washington,
DC: National Academy Press; 2001.
Moxley RT, Ashwal S, Pandya S, et al. Practice parameter:
corticosteroid treatment of Duchenne dystrophy: report of
the quality standards subcommittee of the American Academy of Neurology and the Practice Committee of the
Child Neurology Society. Neurology 2005;64:13–20.
Matthews DK, Adams KA, Miller LA. Use of corticosteroids in a population-based cohort of boys with Duchenne
and Becker muscular dystrophy. J Child Neurol 2010;25:
1319–1324.
Griggs RC, Here BE, Reha A, et al. Corticosteroids in
Duchenne muscular dystrophy: major variations in practice. Muscle Nerve 2013;48:27–31.

September 8, 2015

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

24.

25.

26.

27.

28.

Bushby K, Finkel R, Birnkrant DJ, et al. Diagnosis and
management of Duchenne muscular dystrophy, part 1:
diagnosis, and pharmacological and psychosocial management. Lancet Neurol 2010;9:77–93.
Bushby K, Finkel R, Birnkrant DJ, et al. Diagnosis and
management of Duchene muscular dystrophy, part 2: implementation of multidisciplinary care. Lancet Neurol
2010;9:177–189.
Miller RG, Jackson CE, Kasarskis EJ, et al. Practice
parameter update: the care of the patient with amyotrophic
lateral sclerosis: drug, nutritional, and respiratory therapies
(an evidence-based review): report of the quality Standards
Subcommittee of the American Academy of Neurology.
Neurology 2009;73:1218–1226.
Bourke JP, Muntoni F, Bushby K. 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.
Wang CH, Bonnemann CG, Rutkowski A, et al. Consensus Statement of standards of care for congenital muscular
dystrophies. J Child Neurol 2010;25:1559–1581.

29.

30.

31.

32.

33.

34.

Jensen MP. Pain assessment in clinical trials. In:
Wittink H, Carr D, eds. Pain Management: Evidence,
Outcomes, and Quality of Life in Pain Treatment. 1st
ed. Amsterdam: Elsevier; 2008:57–88.
Hull J, Aniapravan R, Chan E, et al. British Thoracic
Society guideline for respiratory management of children
with neuromuscular weakness. Thorax 2012;67:i1–i40.
Miro J, Gertz KJ, Carter GT, Jensen MP. Chronic pain in
neuromuscular disease: pain site and intensity differentially
impacts function. Phys Med Rehabil Clin N Am 2012;23:
895–902.
Alschuler KN, Jensen MP, Goetz MC, et al. Effects of
pain and fatigue on physical functioning and depression
in persons with muscular dystrophy. Disabil Health J
2012;5:277–283.
McKim D, Road J, Avendano M, et al. Home mechanical
ventilation: a Canadian Thoracic Society clinical practice
guideline. Can Resp J 2011;18:197–215.
Carter GT, Joyce NC, Abresch AL, et al. Using palliative
care in progressive neuromuscular disease to maximize
quality of life. Phys Med Rehabil Clin N Am 2012;23:
903–909.

Neurology 85

September 8, 2015

909

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

