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Abstract

Cardiac disease has emerged as a leading cause of mortality in Duchenne muscular dystrophy in the current era. This survey
sought to identify the diagnostic and therapeutic approach to DMD among pediatric cardiologists in Advanced Cardiac
Therapies Improving Outcomes Network. Pediatric cardiology providers within ACTION (a multi-center pediatric heart
failure learning network) were surveyed regarding their approaches to cardiac care in DMD. Thirty-one providers from 23
centers responded. Cardiac MRI and Holter monitoring are routinely obtained, but the frequency of use and indications
for ordering these tests varied widely. Angiotensin converting enzyme inhibitor and aldosterone antagonist are generally
initiated prior to onset of systolic dysfunction, while the indications for initiating beta-blocker therapy vary more widely.
Seventeen (55%) providers report their center has placed an implantable cardioverter defibrillator in at least 1 DMD patient,
while 11 providers (35%) would not place an ICD for primary prevention in a DMD patient. Twenty-three providers (74%)
would consider placement of a ventricular assist device (VAD) as destination therapy (n=23, 74%) and three providers
(10%) would consider a VAD only as bridge to transplant. Five providers (16%) would not consider VAD at their institution.
Cardiac diagnostic and therapeutic approaches vary among ACTION centers, with notable variation present regarding the
use of advanced therapies (ICD and VAD). The network is currently working to harmonize medical practices and optimize
clinical care in an era of rapidly evolving outcomes and cardiac/skeletal muscle therapies.
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Introduction

The last three decades have seen incremental improvements
in long term survival of boys and men with Duchenne mus-
cular dystrophy (DMD) [1, 2]. This has been driven by clini-
cal improvements in neuromuscular and pulmonary clinical
care such that life expectancy now reaches the third or fourth
decade of life [3]. Early initiation and consistent use of glu-
cocorticoids has prolonged the time to loss of ambulation,
while aggressive pulmonary toilet practices and initiation of
non-invasive respiratory support has significantly decreased
the frequency of early, respiratory-related mortality [4].
These clinical gains have improved overall survival, but have

@ Springer


http://orcid.org/0000-0002-8195-0694
http://crossmark.crossref.org/dialog/?doi=10.1007/s00246-021-02807-7&domain=pdf

978

Pediatric Cardiology (2022) 43:977-985

“unmasked” the long term progression of cardiomyopathy to
heart failure. Cardiac disease now accounts for ~30-50% of
DMD-related mortality [5, 6]. These mortality rates have led
to sequential consensus guidelines discussing the evolving
outcomes, diagnostic protocols, and approaches to medical
therapy. [7-9] These guidelines and consensus statements
have also called for data regarding the use of advanced car-
diac therapies such as implantable cardioverter defibrillators
(ICD) and ventricular assist devices (VAD).

Despite these recommendations, and recent data suggest-
ing cardiac disease progression may be modified through
medical management, the indications for employing medi-
cal and advanced therapies remains heterogenous and gen-
erally insufficient [5, 6, 10-13]. Only 43% of participants
in the Cooperative International Neuromuscular Research
Group (CINRG) with ventricular dysfunction were on any
cardiac medications, and a recent multi-center study dem-
onstrated only 57% of patients with severe dysfunction were
on both an angiotensin-converting enzyme inhibitor (ACE1)/
angiotensin receptor blocker (ARB) and a beta-blocker [13,
14]. Data regarding the indications for employing advanced
cardiac therapies and the outcomes associated with those
therapies remain limited [13].

The Advanced Cardiac Therapies Improving Outcomes
Network (ACTION), is a 50 institution, international, quality
improvement network which formed in 2017 and is focused
on improving clinical outcomes in children and young
adults with heart failure [15]. The network formed a DMD-
related committee in October 2019 with the stated goal of
improving symptom-free cardiac outcomes in patients with
DMD. As part of that goal, we sought to describe the cur-
rent approach to cardiac diagnostics, medical management,
and advanced cardiac therapies among participating centers
in order to assess the baseline state of medical practice and
identify areas for improvement. Herein we also describe the
ongoing projects and future directions of the group.

Methods

ACTION learning network members with an interest in
DMD were invited to participate in a survey in Novem-
ber 2019 as the ACTION DMD committee was forming.
The survey sought to describe current cardiac diagnostic
approaches and clinical management across the centers. A
total of 31 cardiology providers directly involved with DMD
care, from 22 distinct centers (Table 1), responded. Multiple
providers from a given center could respond given that care
is not always centralized, and the indications for heart failure
therapies are driven by both personal preferences and center-
specific protocols. The survey was distributed electronically
and administered via the Web site www.surveymonkey.
com. Individual clinician details remained anonymous, but
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Table 1 List of ACTION centers who contributed to the survey

C.S. Mott Children’s Hospital
Children’s Hospital Colorado
Children’s Hospital at Montefiore
Children’s Hospital of Los Angeles
Children’s Hospital of Philadelphia
Children’s Mercy Kansas City
Children’s National Hospital
Cincinnati Children’s Hospital
Duke Children’s Hospital

Golisano Children’s Hospital

Joe DiMaggio Children’s Hospital
LeBonheur Children’s Hospital
Lucille Packard Children’s Hospital
Lurie Children’s Hospital
Nationwide Children’s Hospital
Ochsner Medical Center

Primary Children’s Hospital

Riley Children’s Hospital

Shand’s Children’s Hospital

St. Louis Children’s Hospital
Stollery Children’s Hospital

Texas Children’s Hospital

Yale New Haven Children’s Hospital

providers were asked to provide their center name. Data are
presented in a descriptive manner. The study was under an
Institutional Review Board exempt protocol as part of the
ACTION quality improvement process.

Results
Center Characteristics

A total of 31 providers responded from at least 23 cent-
ers (3 providers opted not to disclose their institution). Just
over half of providers (n=17, 54%) are from centers that
see >50 patients per year. The remaining respondents evalu-
ate between 21 and 50 patients (n=10, 32%) and 11-20
patients (n=4, 13%) per year. Cardiac care is most com-
monly provided by a limited number of cardiologists (3 or
less providers) in each center (n =24, 77%), and is delivered
as part of a multi-disciplinary clinic (n=28, 90%).

Clinical Evaluation

Among the 31 respondents, 28 (90%) noted that patients are
seen by a cardiologist at the time of diagnosis. The frequency
of evaluation for a child < 10 years of age was relatively
variable with 10 respondents (32%) noting patients are seen
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every 2 years, 16 respondents (52%) seeing patients yearly,
and 5 respondents (16%) seeing patients every 6 months.
Patients > 10 years of age are generally seen in 12 month
(n=11, 35%) or 6 month increments (n=20, 65%).

Diagnostic Evaluation

CMR

Cardiac MRI (CMR) is generally employed by a majority of
providers as part of their clinical evaluation (n=27, 87%),
although the frequency of use is highly variable and pro-
vider dependent. The majority of providers routinely obtain
a CMR by 10 years of age (n=17, 55%), with the remaining
providers who utilize CMR obtaining imaging by age 13
(n=10, 32%). The majority of centers avoid sedation for
CMR, with only 2 respondents (6%) utilizing sedation, if
required. A total of 13 providers (42%) incorporate serial
CMR with six providers (19%) imaging with CMR yearly
and 7 providers (23%) every 2 years. The remaining provid-
ers had variable imaging indications and frequency of use.
Gadolinium is typically used with each study, although 4
providers (13%) note that gadolinium is no longer adminis-
tered, or done so with decreased frequency, after late gado-
linium enhancement (LGE) is first noted.

Electrophysiologic Monitoring

A significant majority of providers routinely employ Holter
monitoring (n =26, 84%), although there is significant het-
erogeneity in the indications and frequency of screening
Holter in the absence of cardiac symptoms. Eight providers
(26%) begin screening once LVEF is <55%. Two of these
eight providers supplement function-based indications with
additional age cutoffs and would begin screening by age 10
and 15 if dysfunction is not already present. Two providers
(6%) initiate Holter monitoring after LVEF falls below 50%,
3 providers (10%) initiate after LVEF falls below 40-45%
and 3 providers (10%) after the LVEF is <35%. Six provid-
ers (19%) initiate based on age alone and do so between 10
and 13. The remaining providers initiate based on persistent
sinus tachycardia (n=1, 6%), presence of ectopy on EKG/
exam (n=2, 6%), or left atrial enlargement (n=1, 3%).

Clinical Management
Medication Use

Patient blood pressure goals are generally based on age,
gender, and height recommendations, although 7 providers
(23%) noted they will tolerate lower blood pressures (sys-
tolic blood pressure < 90 mmHg) in older patients if they are
non-ambulatory and asymptomatic.

Angiotensin Converting Enzyme Inhibitor (ACEi)/
Angiotensin Receptor Blocker (ARB)

All providers surveyed employ ACEi/ARB as a routine com-
ponent of therapy, with the majority (n=21, 68%) initiat-
ing therapy at age 10, if systolic dysfunction is not already
present (Fig. 1a). Seven of the 31 providers (23%) would
also initiate therapy based on the presence of late gadolin-
ium enhancement (LGE) on CMR independent of age or
systolic dysfunction (alternately defined as LVEF <55% or
LVEF <50%).

A total of 7 providers (23%) do report using an angio-
tensin receptor neprolysin inhibitor (ARNI). These cent-
ers report initiating ARNI therapy when LVEF falls
below <40-45% or when moderate systolic dysfunction is
present qualitatively.

Beta-Blockers (BB)

All providers surveyed employ BB as a routine component
of therapy and the majority of centers (n=21, 68%) initi-
ate therapy when systolic dysfunction develops (alternately
defined as LVEF <55%, LVEF <50%, or by qualitative
assessment of dysfunction) (Fig. 1b). Four of the 31 provid-
ers (13%) initiate therapy when late gadolinium enhance-
ment (LGE) is detected on CMR independent of systolic
function (alternately defined as LVEF <55% or LVEF <50%,
as per ACEi/ARB above). The remaining 6 providers initi-
ated therapy when more significant dysfunction was present
(alternately defined as LVEF <45%, < 40%, < 35%, or mod-
erate dysfunction qualitatively).

Aldosterone Antagonists

Twenty-eight of 31 providers (90%) routinely utilize aldos-
terone antagonists (Fig. 1c). Nine providers (29%) initi-
ate based on the presence of LGE on CMR and another 9
providers (29%) initiate if either LGE or systolic dysfunc-
tion is present. Seven providers (23%) initiate aldosterone
antagonists based on the presence of systolic dysfunction,
although the degree of dysfunction required was variable
ranging from any systolic dysfunction to an LVEF <35%.
Three providers (10%) initiate prophylactically at age 10.

Advanced Cardiac Therapy Use and Consideration
Implantable Cardioverter Defibrillator (ICD)

Seventeen of 31 (55%) providers report their center has
placed an ICD in at least 1 DMD patient, while 11 providers
(35%) note that ICDs are never considered for primary pre-

vention in DMD at their institution. The most common indi-
cation (n=38, 26%) for considering ICD placement among
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Fig. 1 Provider indications for
initiating cardiac therapy by
medication class: a Angiotensin
converting enzyme inhibitor/
angiotensin receptor blocker;
b Beta-blocker; ¢ Aldosterone
antagonist. ACEi Angiotensin
converting enzyme inhibitor,
ARB Angiotensin receptor
blocker, LGE Late gadolinium
enhancement
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a Indications for initiating ACEi/ARB
Age 10 or mild systolic dysfunction 68%
LGE or mild systolic dysfunction 23%
0% 20% 40% 60% 80%
b

Indications for initiating beta-blockers

Mild systolic dysfunction 68%

Moderate or worse systolic dysfunction - 19%

Systolic dysfunction or LGE 13%

100%

0% 20% 40% 60% 80%

Indications for initiating aldosterone antagonists

100%

LGE _ 29%
LGE or mild systolic dysfunction _ 29%
Systolic dysfunction 23%
Age 10 % 10%
0% 20% 40% 60% 80%

100%
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all providers (including those who have not yet implanted an
ICD) was an LVEF <35% in the presence of non-sustained
ventricular tachycardia (NSVT). Three providers (10%)
would consider ICD implantation for LVEF < 35% alone and
an additional two providers (6%) would consider ICD in
patients with an LVEF <35%, LGE, and NSVT. Seven pro-
viders would consider in the setting of NSVT alone (23%).

Ventricular Assist Device (VAD) and Heart Transplant

A significant majority of providers would consider VAD as
destination therapy (n=23, 74%) with an additional three
providers considering VAD only as bridge to transplant
(n=3, 10%). Sixteen percent (n=>5) of providers would not
consider VAD at their institution. Seven providers (23%)
have placed an LVAD in a patient with DMD at their center,
9 providers (29%) have placed an LVAD in a patient with
Becker muscular dystrophy (BMD) at their center, and 14
providers (45%) have placed an LVAD in a patient with
another type of muscular dystrophy at their center. Sixteen
(52%) of providers would consider listing a patient with
DMD for heart transplant.

Discussion

The last few years have seen an increasing focus on the
impact of cardiomyopathy on long term outcomes in DMD.
Recent guidelines, including the DMD Care Considerations
and American Heart Association (AHA) Management of
Cardiac Involvement Associated with Neuromuscular Dis-
eases, have attempted to address gaps in data by providing
expert consensus on the diagnostic and therapeutic approach
to DMD-related cardiomyopathy. Despite these efforts, it is
unclear how widespread the knowledge of these recommen-
dations is and how they have been applied within the cardiol-
ogy community. This report describes the current approach
to diagnostics and medical therapy among members of the
ACTION DMD committee. We have identified several areas
of practice variation revolving around how and when to initi-
ate diagnostic testing and medical therapy. Importantly, we
also describe a significant evolution in the use of advanced
cardiac therapies as multiple centers have begun to implant
ICDs and VADs (Fig. 2).

This manuscript represents an initial description of the
landscape of cardiac care management in the current era
among ACTION members. There appears to be general con-
sensus regarding the use of ACEi/ARB and beta-blockers
among the current group, although there are some differ-
ences in the specifics of initiation. This approach is generally
in keeping with what is outlined in the consensus guidelines
[8, 9]. Furthermore, the fact that the majority of providers
(68%) are initiating prophylactic therapy with ACEi/ARB

a

Provider Approach to DMD VAD Therapy

10%

M Bridge to
transplant

0O Do not use
VAD therapy

O Destination
therapy

b
Provider Approach to ICD Therapy

26%
|||||HI“HHHM

V-

Fig.2 Provider approach to advanced therapies in DMD. A Fre-
quency of providers who would consider implanting a ventricular
assist device in DMD according to device intent; B Provider indi-
cations for considering ICD implantation for primary prevention.
ICD Implantable cardioverter defibrillators, LGE Late gadolinium
enhancement, LVEF Left ventricular ejection fraction, NSVT Non-
sustained ventricular tachycardia, VAD Ventricular assist device

O LVEF <35%, LGE,
and NSVT

M LVEF <35%
alone

ONSVT

B LVEF <35% and
NSVT

is notable given recent data demonstrating that prophylac-
tic initiation is associated with higher survival and lower
rates of heart failure hospitalization [6]. Initiation and use
of aldosterone antagonists is more variable as just over half
of providers routinely use this class of medication relatively
early in the course of cardiomyopathy with the onset of LGE
or systolic dysfunction. We suspect this reflects the more
circumspect recommendation for this class of medication
in the available guidelines. In total, understanding these
practice patterns is especially notable as the data regarding
efficacy of medical therapy evolves. It also highlights the gap
in our understanding regarding the facilitators and barriers to
achieving guideline-directed medical therapy (GDMT) both
in the current state, and as important new data are published.
Previous studies in adults with heart failure suggest the rea-
sons are numerous and vary based on medication class,
patient preference, clinical status, and health care provider/
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center [16—18]. Creating the infrastructure for tracking
medical therapy, understanding these factors, and creating
a system for intervention and dissemination is especially
important in the era of rapidly evolving medical therapy for
non-DMD heart failure that will likely be employed in DMD
as well [19]. We specifically did not address the use of these
classes (e.g., ARNI [Angiotensin receptor-neprilysin inhibi-
tors], sodium glucose co-transporter 2 [SGLT?2] inhibitors,
etc.) given the lack of data in DMD. Discussion is ongo-
ing on how to address these data gaps and how to approach
therapy in the interim. The survey also did not address the
topic regarding medication dosing and titration, this group is
beginning to collect data prospectively to understand these
practices.

The approach to diagnostic testing was highly variable
among this cohort. Cardiac MRI has come to serve a fun-
damental role in our understanding of the development and
progression of DMD-related cardiomyopathy. The develop-
ment of LGE represents a non-invasive marker of cardiac
fibrosis and predates the development of systolic dysfunction
[20, 21]. As a result, progression of LGE has been used as
a method to assess clinical efficacy in DMD trials assess-
ing ACE inhibitors and aldosterone antagonists [10—12].
Despite its widespread use in research, clinical application
appears more variable. This likely reflects the logistical chal-
lenges and experience necessary to obtain reliable scans in
the setting of musculoskeletal disease and scoliosis as well
as overall availability at a given center. The use of CMR
also appears to vary by provider, as some providers use the
development LGE as part of their clinical decision making
(e.g., initiation of anti-fibrotic therapies, initiating rhythm
monitoring/therapy, etc.) while others do not. If CMR is not
being used to change or guide therapy, or requires sedation,
the logistical challenges may supersede the potentially valu-
able clinical phenotyping data CMR can provide. Addition-
ally, more data are needed to determine if there are long term
effects of repeated gadolinium administration given reports
of tissue deposition long after gadolinium exposure [22].
Individual centers have begun to decrease the frequency of
LGE administration accordingly with less frequent gado-
linium administration [23].

Advanced heart failure therapies, including ICDs and
VADs are now being employed more widely, if infrequently,
as part of heart failure management in teenagers and young
adults with heart failure. The outcomes associated with the
use of these therapies are very limited [24]. In recent years,
there have also been case reports and series describing heart
transplantation in DMD [25, 26]. The results of this sur-
vey expand on these reports by demonstrating center based
care is highly variable and sometimes completely divergent.
While studies involving larger cohorts are needed to dem-
onstrate efficacy of advanced therapies, a better understand-
ing of the rationale for offering advanced therapies is also
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needed. Studying center-specific protocols, thresholds for
second opinions from other centers, and the patient/family
perspective will provide critical insight that will help shape
a rapidly advancing field. Furthermore, in an era where long
term survival is increasing and novel therapies may delay
skeletal muscle disease progression, discussion regarding
the indications and contraindications to transplant are war-
ranted as just over half of centers noted they would consider
transplant. A small number of patients have undergone trans-
plant to date and understanding these outcomes in real-time
would benefit patients, families, and providers as they dis-
cuss the risks, benefits, and feasibility of heart transplant,
both in isolation and when compared to alternate therapies
such as VAD [26].

Integrating the Survey with New ACTION
Initiatives

The current survey expands on the existing literature and
depicts a field in flux. Therapeutic approaches to heart fail-
ure are rapidly evolving which translates into a highly varia-
ble approach to heart failure therapy in DMD. The ACTION
DMD committee has recently formed with the stated goal
of improving symptom-free survival in patients with DMD.
The group will strive to attain this goal with a multi-pronged
approach including creation of a multi-institution database,
quality improvement project focusing on timely and effective
care delivery, and parent/patient engagement and advocacy.
At the time of this submission, 26 centers have committed
to sharing data and experience in order to achieve the stated
goal (data collection officially launched in June 2021 follow-
ing a delay during 2020 due to COVID-19).

The group has begun by developing an ACTION DMD
database capable of integrating longitudinal, practice level
data with administrative and clinical databases (e.g., Pediat-
ric Health Information System [PHIS], United Network for
Organ Sharing/Organ Procurement and Transplantation Net-
work [UNOS/OPTN]) in addition to any existing ACTION
databases (e.g., VAD database, heart failure database). This
will create a data infrastructure for defining heart failure care
practices and outcomes in the current era, which will then
inform quality improvement projects focused on delivering
effective guideline driven care. These data will then be mar-
ried with qualitative or semi-quantitative data not specifi-
cally addressed or amenable to typical data collection (e.g.,
interviews, focus groups) to take on topics including shared
decision making in rare diseases, pushing boundaries. This
will be facilitated via engagement with individuals and fami-
lies as well as national and international stakeholders includ-
ing Parent Project Muscular Dystrophy (PPMD) in order to
appreciate the broader care landscape outside of ACTION
as the ultimate goal of this project is to improve outcomes
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within the field, and provide access to care which remains
a broad issue for DMD patients as a whole. Engagement
with non-ACTION centers, additional patient/family advo-
cacy organizations (both local/regional and national), and
cardiologists not at ACTION centers will be fundamental
to improving care and ensuring cardiac care is available and
delivered in an equitable manner to all patients with DMD.
In fact, engagement with a broad group of stakeholders will
not only help to ensure more consistent, guideline directed
care, but will also inform our understanding of local and
regional factors in a diverse patient cohort and how patient/
family and provider factors relate to access and care delivery.

Limitations

This survey was developed to understand the care practices
of initial group of ACTION centers. This group is comprised
providers and centers that generally work in tertiary care
hospitals. It is unclear how these practices translate more
broadly within the field. Furthermore, while the surveys seek
to describe the general approach to diagnostic evaluation
and therapy, granular data to confirm how this translates to
practice is needed.

Conclusions

Heart failure is a leading cause of morbidity and mortality in
DMD, and data regarding outcomes and cardiac disease pro-
gression are lacking. This has led to an environment where
care practices are highly variable from center to center. The
ACTION DMD committee has formed to understand these
outcomes and to use a data driven approach to inform quality
improvement projects that will focus on reducing unneeded
variability and effectively delivering guideline directed care
in order to improve clinical outcomes.
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