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ABSTRACT
Cardiac disease is now the leading cause of death in 
Duchenne muscular dystrophy (DMD). Clinical evaluations 
over time have demonstrated asymptomatic cardiac 
troponin elevations and acute elevations are associated 
with symptoms and cardiac dysfunction in DMD. Clinicians 
require a better understanding of the relationship of 
symptoms, troponin levels and progression of cardiac 
disease in DMD. As clinical trials begin to assess novel 
cardiac therapeutics in DMD, troponin levels in DMD are 
important for safety monitoring and outcome measures. 
The Parent Project Muscular Dystrophy convened an 
expert panel of cardiologists, scientists, and regulatory 
and industry specialists on 16 December 2019 in Silver 
Spring, Maryland and reviewed published and unpublished 
data from their institutions. The panel recommended 
retrospective troponin data analyses, prospective 
longitudinal troponin collection using high- sensitivity 
cardiac troponin I assays, inclusion of troponin in future 
clinical trial outcomes and future development of clinical 
guidelines for monitoring and treating troponin elevations 
in DMD.

INTRODUCTION
Cardiac troponin I (cTnI) and T (cTnT) 
are components of the contractile apparatus 
of myocardial cells expressed almost exclu-
sively in the heart and are the preferred 
biomarkers for the evaluation of myocardial 
injury.1 Other biomarkers including creatine 
kinase MB (CK- MB) isoform are less sensi-
tive and less specific, especially with associ-
ated skeletal muscle disease.2 Various causes 
lead to cardiac troponin release, including 
myocardial ischaemia often related to ather-
osclerotic coronary obstruction. Other 
non- ischaemic cardiac causes include heart 

failure, myocarditis and cardiomyopathies. 
Some systemic illnesses are also associated 
with troponin release, including pulmonary 
embolism, chronic kidney disease, sepsis and 
cardiotoxic agents. Troponin release can be 
acute or chronic and related to multisystem 
involvement.2 3

Cardiomyopathy has become the leading 
cause of death in Duchenne muscular 
dystrophy (DMD).4 In DMD, case studies of 
acute- onset myocardial injury measured by 
troponin release are well documented dating 
back to the 1960s, including a boy 10 years 
of age.5 6 More recently, Hor et al7 described 
additional cases of acutely elevated troponin 
levels in subjects with DMD. Elevated troponin 
levels have been described in asymptomatic 
patients with DMD long before the devel-
opment of the typical well- defined cardiac 
disease known to associate with DMD.8

Despite these historical reports, troponin 
elevations in patients with DMD are poorly 
understood and have unclear significance. 
With the support of the Parent Project 
Muscular Dystrophy (PPMD), a panel of 
experts in neuromuscular disease, adult and 
paediatric cardiology, Food and Drug Admin-
istration and industry convened to discuss the 
role of troponin in DMD clinical care and its 
use both as a safety and efficacy biomarker in 
DMD clinical trials.

TROPONIN AND NEUROMUSCULAR DISEASES
As noted, cardiac troponin elevations have 
been described in DMD since the 1960s. 
However, cTnT is considered less specific for 
myocardial injury as it is elevated in multiple 
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neuromuscular disease conditions, likely reflecting 
a skeletal muscle source.9 10 Chronic skeletal muscle 
disease can represent a potential cause of cTnT eleva-
tion, particularly when high- sensitivity (hs- cTnT) assay is 
used.11 12 cTnT was demonstrated to correlate better with 
creatine kinase and myoglobin levels than with cTnI, and 
assays showed cross- reactivity of cTnT antibodies with 
skeletal muscle TnT. These factors limit the use of cTnT 
and CK- MB for assessment of myocardial injury in DMD 
as cTnI is more specific.13 cTnI is not expressed in human 
skeletal muscle during development or during regenera-
tive muscle disease processes such as seen in DMD.14

The clinical significance of elevated cTnI in DMD 
and neuromuscular diseases continues to evolve. A 
recent study of 117 patients with DMD, Becker muscular 
dystrophy (BMD), DMD/BMD carrier, limb- girdle 
muscular dystrophy (LGMD), facioscapulohumeral 
dystrophy (FSHD) and myotonic dystrophy (DM) type 
I found a threefold increased risk of cardiac disease in 
subjects with an hs- cTnI level greater than 7.6 ng/L 
(Access High Sensitivity Troponin I Assay, Beckman- 
Coulter; normal <2.3 ng/L).15 In a study of 53 subjects 
with dystrophic myopathies (including DMD, DMD 
carrier, BMD, LGMD 2A, FSHD), DM types I and II, and 
Becker/Thomsen myotonias, only three subjects, two 
with DMD and one with DM, had elevated cTnI levels and 
all three had evidence of cardiac disease.13 Other studies 
have also demonstrated increases in cTnI levels in DMD 
and BMD.16–18 However, other studies found normal cTnI 
levels in DMD.19–21 Elevated cTnT and cTnI levels were 
also detected in DMD/BMD carriers who are at risk of 
developing cardiomyopathy later in life.22–24 hs- cTnI 
levels in DM type I were highly elevated in ambulatory 
subjects and predictive of cardiac dysfunction (Architect 
Stat Troponin Assay, Abbott).25 Elevated cTnI levels were 
observed in patients with Friedreich’s ataxia.26 Elevated 
troponin levels also occur in patients with spinal muscular 
atrophy (SMA), and transient increases in cTnI levels (up 
to 0.176 µg/L; assay and normal limit not reported) of 
unclear significance were observed following Zolgensma 
infusion in clinical trials. This is an example of uncer-
tainty regarding whether troponin levels are related to 
SMA or whether these reflect the clinical intervention.27

PRECLINICAL DATA ON TROPONIN IN DYSTROPHIN-DEFICIENT 
ANIMAL MODELS
Troponin serum levels were assessed in animal models of 
dystrophin deficiency, including the dystrophin- deficient 
mdx mouse and related genetic models. cTnI was shown 
to be cardiac- specific and not present in the regenerating 
skeletal muscle of mdx mice.28 Martindale and Metzger29 
measured decreased cTnI after membrane- stabilising 
poloxamer 188 therapy in mdx mice. Buyse et al30 found 
elevated cTnI levels in mdx mice that were decreased after 
idebenone therapy. In the dystrophin- utrophin double 
knockout mouse, Lopez et al31 showed decreased serum 
cTnT after whole body periodic acceleration.

The dystrophin- deficient golden retriever muscular 
dystrophy (GRMD) large animal model recapitulates 
some aspects of the human cardiomyopathy course 
better than the mdx model. Townsend et al32 adminis-
tered a chronic infusion of a membrane- sealing agent 
to severely affected GRMD dogs and found decreased 
troponin I levels and reduced myocardial fibrosis. A case 
report by Schneider et al33 described a GRMD dog exhib-
iting acute cardiac disease including tachyarrhythmia 
associated with significant increase in troponin I, NT- pro- 
brain natriuretic peptide and progression over a 3- year 
period to severe dilated cardiomyopathy. In ongoing 
experiments, monthly troponin I values obtained from 
dystrophin- deficient dogs revealed periodic spikes in 
troponin levels and an increase in the number of spikes 
with age correlated with cardiac involvement. Lower 
troponin levels were obtained in older dogs with loss of 
cardiac mass (Sweeney, unpublished data, 2020). The 
preclinical data support a role for monitoring troponin 
levels during therapeutic trials, but further recommen-
dations for preclinical studies were not the focus of the 
expert panel.

CLINICAL DATA ON TROPONIN IN DMD
Troponin levels are used less clinically in paediatrics due 
to low prevalence of ischaemic cardiac disease. In order 
to understand the relevance of troponin levels in DMD, it 
is important to determine troponin levels in healthy chil-
dren. In 2009, the CALIPER (Canadian Laboratory Initi-
ative on Pediatric Reference Intervals) study of healthy 
children and adolescents published reference laboratory 
values for paediatric subjects including cTnI using the 
Abbott Architect ci8200.34 cTnI levels had maximal meas-
ures of 0.176 µg/L in subjects less than 1 year old, 0.112 
µg/L in subjects 1–5 years old, 0.018 µg/L in subjects 
6–10 years old, 0.663 µg/L in subjects 11–14 years old, 
and 0.401 µg/L in subjects 15–20 years old. Due to these 
low levels in normal paediatric patients, Caselli et al35 
used hs- cTnI testing (Architect Stat High- Sensitivity TnI, 
Architect i1000SR platform, Abbott Diagnostics) and 
found approximately 13% of all subjects aged <1 month 
to <18 years had non- detectable levels. hs- cTnI levels were 
highest in the first month of life (mean 37.5 ng/L) and 
decreased with age (infants: mean 19.4 ng/L; children 
1–10 years: mean 6.5 ng/L; adolescents: mean 3.1 ng/L). 
Males showed significantly higher hs- cTnI levels than 
females. An earlier study using a similar hs- cTnI assay 
(precommercial Architect Stat hs- cTnI Assay, Abbott 
Diagnostics) demonstrated physiological variability in 
healthy subjects aged 8–12 years old with multiple meas-
ures in the range of 0%–136%, with a median of 33%.36 
These studies support the presence of cTnI release in 
the healthy paediatric population likely related to phys-
iological myocardial growth and demonstrate the need 
for assay- specific norms related to gender and age. Thus, 
standardisation of troponin assays and development of 
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normal values are important foundations for the evalua-
tion of myocardial injury in DMD.

In a recent publication, Voleti et al8 described cTnI 
levels and the relationship to cardiac magnetic resonance 
(CMR) imaging results in DMD. Data from this observa-
tion cohort of asymptomatic participants with DMD were 
obtained at the time of CMR, and the cTnI levels from 
participants with a single measure are shown in table 1, 
ranging from 0.02 ng/mL to 0.88 ng/mL (ELISA assay; 
Siemens Dimension Analyzer; normal range <0.04 ng/
mL).

This study also showed that subjects with DMD with 
mild late gadolinium enhancement (LGE) on CMR had 
significantly increased troponin levels (0.28±0.38 ng/mL) 
compared with those with no LGE (0.05±0.08 ng/mL).8 
Interestingly, the troponin levels decreased in subjects 
with DMD with moderate to severe LGE (0.11±0.14 ng/
mL). This may be related to a loss of susceptible myocar-
dium to damage over time. Additional cohort data are 
provided in table 2, showing participants with DMD with 
longitudinal cTnI levels studied at Children’s National 
Hospital (NCT02921321). These data demonstrate the 
heterogeneity of troponin levels in DMD, noting that 
levels may increase, decrease or remain unchanged over 
time. Based on these findings, it is necessary to more 

systematically collect data across all ages and DMD clin-
ical courses.

While these data begin to elucidate the chronic cTnI 
levels in asymptomatic patients with DMD, recent reports 
focused on acute elevations of cTnI in DMD associated 
with symptoms including chest pain. An important case 
series described eight subjects with DMD, aged 9–23 
years, who presented with episodes of acute chest pain 
and transient elevations of cTnI.7 The subjects had 
normal baseline ECGs that evolved to show ST segment 
elevations in leads II, III and aVF in seven subjects, with 
additional elevations in V4–V6 in two subjects and V1–V4 
in one subject. However, these elevations were not consis-
tent with any specific coronary distributions. Troponin 
levels ranged from 31 ng/mL to 62 ng/mL (assay not 
reported; normal <0.03 ng/mL) and normalised over 
4 days. All subjects demonstrated a decrease in systolic 
function during the acute episode. Two subjects had a 
cardiac CT scan and two subjects underwent cardiac cath-
eterisation with no coronary abnormalities identified. 
Importantly, the pattern of delayed enhancement on 
CMR in all subjects was not consistent with ischaemia. All 
subjects received supportive care with traditional cardiac 
medications and follow- up continues.

Another case report described an 18- year- old subject 
with DMD who presented with chest pain, abnormal ECG 
with significant ST segment elevations in leads I, II, III, 
aVF and V6, and acutely elevated cTnI level of 39 ng/dL 
that later peaked at 73 ng/dL (assay not reported; normal 
range <0.4 ng/dL).37 The subject had global hypokinesis 
and normal coronary angiography, and LGE was evident 
on CMR. The onset of symptoms temporally correlated 
with a shift in glucocorticoid dosing and, potentially, an 
acute inflammatory reaction. His symptoms resolved with 
restarting steroids and supportive care. A second case 
report of an 11- year- old boy with DMD presenting with 
chest pain, decreased cardiac function, elevated cTnT 
and normal coronary angiography also improved after 
increasing his steroid dose.38 Two more 13- year- old boys 
with DMD were described with ST segment elevations and 
troponin changes.39 40 A similar clinical picture was also 
noted after an episode of respiratory failure in a patient 
with DMD.41 These reports demonstrate a unique presen-
tation of acutely elevated troponin levels with abnormal 
ECGs in DMD and no evidence of coronary artery disease. 
The limited utility of invasive diagnostic cardiac catheter-
isation should only be considered in specific cases where 
a known cause of ischaemia is under consideration.

CLINICAL MONITORING OF TROPONIN IN DMD
Current recommendations for cardiac care of patients 
with DMD include a cardiac evaluation at the time of diag-
nosis, including physical examination, ECG and echocar-
diogram.42–46 Similar evaluations should occur every 1–2 
years in asymptomatic children until age 10, when yearly 
evaluations are recommended. Symptomatic children 
should be evaluated more frequently as determined by 

Table 1 Cross- sectional cTnI levels, per cent ejection 
fraction and cystatin C levels of asymptomatic subjects with 
DMD demonstrating elevations from normal level of 0.02 ng/
mL (ELISA assay; Siemens Dimension Analyzer, Siemens 
Laboratory Diagnostics, Tarrytown, New York) and no 
relation to age, systolic function or kidney function

Age (years)
Serum cTnI 
(ng/mL)

Per cent 
ejection 
fraction

Cystatin C 
level (mg/L)

8 0.04 57 0.66

9 0.04 60 0.65

10 0.02 45 0.63

10 0.07 64 0.7

10 0.02 51 0.53

10 0.02 52 0.75

11 0.06 58 0.82

12 0.02 60 0.49

15 0.88 50 0.87

15 0.02 64 0.55

17 0.02 58 0.55

17 0.07 63 0.44

18 0.01 59 0.45

19 0.05 49 0.65

19 0.72 48 0.6

24 0.07 39 0.79

Cystatin C normal range: 0.05–1 mg/L.
cTnI, cardiac troponin I; DMD, Duchenne muscular dystrophy.
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the provider. Periodic use of advanced imaging including 
CMR and ambulatory monitoring is also recommended.

There are no current recommendations for the routine 
monitoring of cTnI levels in DMD. Therefore, the distri-
bution of troponin elevations in the DMD population is 
difficult to determine, in part because there is clinical 
ascertainment bias towards testing only those who are 
symptomatic. However, there are also those with asymp-
tomatic chronic lower level elevations and older individ-
uals with abnormal left ventricular function and acute 
changes in the setting of other illness (eg, sepsis, pneu-
monia, fracture). Patients with chronic kidney disease can 
demonstrate increased levels of hs- cTnI and hs- cTnT at 
baseline and kidney disease can develop in DMD.47 Creat-
inine as a marker of renal function has limited value in 

DMD because of reduced muscle mass. However, cystatin 
C, a non- glycosylated protein unaffected by muscle mass, 
is an additional biomarker of nephrotoxicity in the DMD 
population and elevated levels were demonstrated in a 
subject with DMD in renal failure.48 Cystatin C levels are 
included in table 1, demonstrating normal kidney func-
tion associated with variable cTnI elevations. The diag-
nostic value of cTnI may be more difficult to discern in 
patients with DMD with kidney failure, and treating physi-
cians would need to consider changes from baseline and 
use higher cut- off values.47 This demonstrates another 
scenario where it is important to collect longitudinal 
baseline data and consider cystatin C levels to correlate 
troponin with kidney function.

Table 2 Longitudinal cTnI levels and per cent ejection fraction in asymptomatic subjects with DMD over a 3- year follow- up 
period demonstrating variable changes in troponin levels and systolic function over time

Subject Age (years) Test Baseline 1 year 2 years 3 years

1 8 cTnI 0.02 0.02 – –

%EF 63 60 – –

2 8 cTnI 0.02 0.02 0.02 –

%EF 66 56 67 –

3 10 cTnI 0.22 0.06 – –

%EF 63 56 – –

4 12 cTnI 0.06 0.02 0.02 –

%EF 57 52 54 –

5 12 cTnI 0.05 0.64 – –

%EF 60 50 – –

6 12 cTnI 0.32 – – 0.21

%EF 60 – – 40

7 12 cTnI 0.02 – – 0.02

%EF 66 – – 54

8 14 cTnI 0.05 – 0.01 –

%EF 54 – 53 –

9 14 cTnI 0.01 – 0.02 0.02

%EF 41 – 32 36

10 15 cTnI 0.02 0.02 0.02 –

%EF 67 55 61 –

11 17 cTnI 0.02 0.06 – –

%EF 51 43 – –

12 17 cTnI 0.37 – 0.31 0.40

%EF 52 – 60 51

13 19 cTnI 0.28 0.14 0.05 0.02

%EF 54 49 48 41

14 21 cTnI 0.02 0.02 0.02 –

%EF 52 52 49 –

15 27 cTnI 0.03 0.03 – –

%EF 61 56 – –

cTnI, cardiac troponin I (ng/mL); DMD, Duchenne muscular dystrophy; %EF, per cent ejection fraction.
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hs- cTnI levels are commonly used in clinical evalua-
tions of acute coronary syndrome and chest pain in adult 
patients. The Atherosclerosis Risk In Communities Study 
concluded that elevated hs- cTnI is strongly associated 
with increased global cardiovascular disease incidence 
in the general population, independent of traditional 
risk factors.49 Since many patients with DMD will present 
to adult and community hospitals, hs- cTnI levels have 
replaced traditional troponin assays and are recom-
mended in the Fourth Universal Definition of Myocardial 
Infarction (2018).1 This will provide new data to physi-
cians to help with clinical decisions and potential risk 
stratification even in asymptomatic subjects with DMD. 
So while it is not yet known how the improved analytical 
sensitivity will impact clinical care in DMD, it will be para-
mount to include hs- cTnI analyses in future evaluations.50

Increases in cTnI levels could signal changes in thera-
peutic approaches. While standard of care now includes 
consideration of ACE inhibitors around age 10, initi-
ation of this medication could begin sooner if elevated 
troponin levels are identified.43 In addition, mineralo-
corticoid receptor antagonists showed benefits in slowing 
the loss of myocardial strain in subjects with DMD and 
could be useful.51–53 Some of these benefits are related 
to membrane stabilisation properties that could also slow 
troponin release from myocardial cells.54–56 Increased 
steroid dosing showed benefits in two case reports.37 38 
A new steroid derivative therapeutic also demonstrated 
membrane stabilisation properties and could provide an 
alternative to steroid therapy in subjects with elevated 
cTnI levels.57 58 One agent or a strategic combination of 
these therapeutics could provide new benefits to children 
with DMD with elevated troponin levels.

In order to best direct clinical care, it will be important 
to understand how these transient spikes or chronic 
elevations may change with age, cardiac mass, respira-
tory disease and/or skeletal muscle function. Further 
research is needed to determine the potential mech-
anism(s) including coronary spasm, inflammation, 
arrhythmia, volume overload, elevated heart rate and/
or elevated blood pressure behind troponin elevations, 
and the potential impact of the interplay with skeletal 
and respiratory muscle function is critical to elucidate. 
Once better understood, incorporating the related basic 
science will be essential in determining appropriate 
therapies.

TROPONIN MONITORING AS A DMD CLINICAL TRIAL 
BIOMARKER
The role of cardiac troponin as an appropriate clinical trial 
biomarker in DMD is unclear at this time. Monitoring of 
cardiac troponin levels as a safety marker may be impor-
tant. The use of troponin as a safety outcome marker 
would require determining normal values and thresholds 
for normal and acceptable fluctuations for both cardiac 
and non- cardiac (skeletal muscle) directed therapies. In a 
trial involving a single baseline intracoronary injection of 

allogeneic cardiosphere- derived cells, the authors noted 
periprocedural elevations in cTnI, but also noted two 
subjects in both the usual care and treatment groups that 
demonstrated elevated cTnI levels during the 12- month 
follow- up period, described as ‘greater than ×5 composite 
99th percentile or at least 20% elevated beyond baseline’. 
Once recovered from the intervention, these asympto-
matic elevations were not regarded as adverse events.59

In a clinical trial of a monoclonal antimyostatin antibody 
domagrozumab (NCT02310763), cTnI was measured as 
a clinical laboratory biomarker in 120 participants with 
DMD. Approximately 20% of participants had cTnI values 
above 0.3 ng/mL at baseline (assay not reported; normal 
≤0.03 ng/mL); elevations were seen at all timepoints 
measured in the trial and elevations were not sustained 
or associated with clinical symptoms. The highest value 
seen was approximately 3.5 ng/mL. Increased cTnI levels 
regarded as adverse events were seen in two subjects who 
received placebo and one subject who received treat-
ment.60 61 Additional analysis is ongoing and the role of 
troponin as a biomarker for safety, treatment outcome, 
susceptibility to risk or response predictiveness needs 
further study.

FUTURE DIRECTIONS
The expert panel noted several areas to focus efforts 
to further develop an understanding of cTnI in DMD 
(figure 1) - Figure 1 seems blurry, any way to improve?. 
The first area identified was to leverage existing data sets 
to perform new data analyses. Current data from different 
studies including clinical trials, longitudinal observational 
studies and registries can be used to create a consistent 
data structure for analysis with the goal of developing an 
actionable drug development tool and a clinically mean-
ingful screening tool. This approach would need to use 
existing infrastructure to involve these different entities. 
The Advanced Cardiac Therapies Improving Outcomes 
Network may illustrate such a path forward for DMD. 
The network’s goal is to improve critical outcomes for 
children and adult congenital heart disease patients with 
heart failure by developing an international collaborative 
learning health system that unites all key stakeholders 
(patients, families, clinicians, researchers and industry). 
While initially addressing heart failure, the approach of 
transforming an unstandardised clinical paradigm can 
provide the infrastructure to rapidly disseminate crit-
ical information to families and clinicians. This is quite 
similar to the current state of cTnI monitoring in DMD. 
The network has the expertise to determine the availa-
bility of cTnI data or samples from previous clinical trials, 
contact individual trial sites to obtain necessary consent, 
leverage social media networks within the DMD commu-
nity and involve principal investigators.

The panel recognises the importance of prospective 
data collection. This approach may begin with a survey 
of centres involved with DMD cardiac care regarding 
the use of cTnI monitoring in both asymptomatic and 
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Figure 1 Recommendations from the expert panel for the further study of the natural history of cardiac troponin I testing in 
DMD. ACTION, Advanced Cardiac Therapies Improving Outcomes Network; DMD, Duchenne muscular dystrophy; hs- CTnI, 
high- sensitivity cardiac troponin I; PPMD, Parent Project Muscular Dystrophy.
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symptomatic subjects with DMD. The panel recom-
mended a multicentre collaborative research protocol- 
based assessment for monitoring cTnI levels on a 
consistent time frame, such as at the time of cardiac 
imaging, but not more frequently than every 6 months, 
and focusing on hs- cTnI testing as feasible. The expert 
panel felt this information would be clinically useful 
as it could help provide context for interpretation of 
troponin levels monitored during an acute event, should 
it occur. Further discussion should focus on other serum 
or imaging biomarkers that may prove important tools 
to monitor cardiac function in DMD. Serum ST2 levels 
were increased in subjects with DMD with cardiomyop-
athy and matrix metallopeptidase (MMP) 9 was elevated 
in subjects with DMD compared with normal controls.62 
Serum MMP7 was increased in subjects with DMD with 
evidence of fibrosis compared with normal subjects with 
DMD and controls.63 Novel imaging biomarkers using 
CMR T1 and T2 imaging should provide further mean-
ingful context for cTnI levels.64

The optimal approach should also incorporate cTnI 
levels in developing clinical trials. In fact, consideration 
should be given to including cTnI as an exploratory 
outcome rather than a safety biomarker. Information 
obtained in clinical trials may ultimately have great value, 
but questions remain regarding how to interpret values 
obtained in clinical trials for safety monitoring. For 
example, until the natural history of the disease is well 
understood, it would be difficult to determine whether 
an elevated level obtained in a clinical trial represents 
an adverse event or just natural variation. Based on an 
accumulation of data, future clinical trials will be better 
informed on how to determine a critical level at which 
an elevated troponin level becomes a safety concern. A 
process for sharing real- time cTnI results from clinical 
trials should be established incorporating existing infra-
structure such as the Critical Path Institute.

The above approaches will ultimately inform clin-
ical guidelines. Based on the current knowledge base, 
the expert panel recommends clinical monitoring and 
supportive care of patients with DMD with elevated 
troponin levels. Consideration should be given to opti-
mising medical management with ACE inhibitors, beta- 
blockers and/or mineralocorticoid receptor antagonists 
based on cardiac function, degree of myocardial fibrosis 
and cardiomyopathy trajectory. These patients are at low 
risk of atherosclerotic disease or coronary thrombosis and 
urgent coronary angiography is not recommended. By 
establishing standardised timing and methods for routine 
cTnI monitoring, clinicians will gain further insight into 
the progression of myocardial disease in DMD. Guide-
lines would include a cTnI threshold and the appropriate 
response to above threshold levels, minimising the use of 
coronary angiography in these patients. These guidelines 
would inform the entire medical community outside of 
academic centres and improve quality of care in commu-
nity hospitals where children with DMD may present 
with chest pain episodes. These guidelines would also 

inform the DMD parent community and reassure parents 
by clarifying the appropriate evaluation and treatment 
during these stressful events. This mutual understanding 
of presentation and treatment will improve care and 
family support and optimise outcomes for this vulnerable 
population.

Based on this meeting summary and the reference 
literature, there remain limitations. Cardiac disease is 
an important feature in DMD; however, it is not clear 
if cardiac troponins are a reliable biomarker for moni-
toring cardiac health in patients with associated chronic 
skeletal muscle disease. Potential cross- reactivity in assays 
for cTnI and cTnT must be improved to differentiate 
from skeletal muscle damage. There is not a universal 
standard for cTnI monitoring and paediatric hospitals 
use both traditional and high- sensitivity troponin assays 
less frequently, limiting data comparison across centres. 
Lastly, a more comprehensive understanding and charac-
terisation of myocardial injury that is occurring in DMD 
is necessary to comprehend its relation to cTnI release.

In conclusion, further understanding of cTnI levels in 
DMD is necessary to best monitor and treat the cardio-
myopathy associated with DMD. Limited data and case 
reports have demonstrated both chronic asymptom-
atic mild cTnI elevations and acute symptomatic often 
striking cTnI elevations in DMD. The cTnI levels usually 
normalise, but the lasting effects of the associated myocar-
dial injury are not well understood. As cardiac disease is 
now the leading cause of death in DMD, this expert panel 
strongly encourages retrospective troponin data analyses, 
prospective longitudinal troponin collection using high- 
sensitivity cTnI assays, inclusion of troponin in future 
clinical trial outcomes and future development of clinical 
guidelines for monitoring and treating troponin eleva-
tions in DMD.
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