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ABSTRACT

Objective To describe age and time at key stages in
the Duchenne muscular dystrophy (DMD) prediagnosis
pathway at selected centres to identify opportunities for
service improvement.

Design A multicentre retrospective national audit.
Setting Nine tertiary neuromuscular centres across

the UK and Ireland. A prior single-centre UK audit of 20
patients with no DMD family history provided benchmark
criteria.

Patients Patients with a definitive diagnosis of DMD
documented within 3years prior to December 2018
(n=122).

Main outcome measures Mean age (months) at four
key stages in the DMD diagnostic pathway and mean
time (months) of presentational and diagnostic delay,
and time from first reported symptoms to definitive
diagnosis. Type of symptoms was also recorded.

Results Overall, mean age at definitive diagnosis, age
at first engagement with healthcare professional (HCP)
and age at first reported symptoms were 53.9+29.7,
49.9+28.9and 36.4+26.8 months, respectively. The
presentational delay and time to diagnosis were 21.1
(£21.1) and 4.6 (+7.9) months, respectively. The mean
time from first reported symptoms to definitive diagnosis
was 24.2+20.9. The percentages of patients with

motor and/or non-motor symptoms recorded were 83%
(n=106/121) and 47% (n=57/121), respectively.
Conclusions Majority of data mirrored the benchmark
audit. However, while the time to diagnosis was shorter,
a presentational delay was observed. Failure to recognise
early symptoms of DMD could be a contributing factor
and represents an unmet need in the diagnosis pathway.
Methods determining how to improve this need to be
explored.

INTRODUCTION

Duchenne muscular dystrophy (DMD) is an
X-linked progressive neuromuscular disease caused
by mutations in the DMD gene that encodes dystro-
phin." Although DMD is often maternally inherited,
approximately one-third of cases occur as a result of
spontaneous mutation.! DMD is the most common
childhood form of muscular dystrophy and charac-
teristic manifestations are progressive muscle weak-
ness, cardiorespiratory impairment and premature
death.! In the UK, the incidence of DMD is esti-
mated to be between 1.0 and 2.8 per 10000 live
male births,> representing a high socioeconomic

Key messages

What is already known on this topic?

» A diagnostic pathway and methods to identify
Duchenne muscular dystrophy (DMD) exist;
however, this diagnostic pathway has remained
unchanged since 2010.

» A UK audit of 20 patients with no family history
of DMD was conducted in 2014 and served as a
benchmark.

» Diagnostic delay is a recurring theme and
studies indicate a mean diagnosis age of
approximately 5 years, which has remained
relatively unchanged.

What this study adds?

» Age at DMD diagnosis remains unchanged
irrespective of family history. However,
diagnosis was reached quickly once the signs
were recognised and child referred.

» A presentational delay was observed, which
was twice of that reported in the benchmark
audit. Parents of the patients recognised early
symptoms of DMD.

» An unmet clinical need exists relating to the
requirement for education into the early signs
of DMD and developmental delay landmarks as
means to reduce presentational delay.

and health-related quality of life burden.® There is
no curative treatment for DMD and no UK-wide
DMD newborn screening programme.*® However,
an early and accurate diagnosis of DMD is crucial
to ensure proactive treatment.®

In most cases, a successful diagnosis of DMD
can be made following the recommended diagnosis
pathway outlined by the DMD Care Considerations
Working Group diagnostic (DMD-CCWG).® This
pathway includes a review of the patient’s clinical
history, family history and physical examination
with confirmatory investigations, including serum
creatine kinase measurement, genetic testing and/
or muscle biopsy.® The diagnostic process usually
begins in early childhood as signs and symptoms
(such as muscle weakness, clumsiness, difficulty
climbing stairs or toe walking) are noticed by
parents, carers or healthcare professionals (HCPs).®
Despite the presence of the 2010 recommended
diagnostic pathway and clear criteria for the iden-
tification of disease (presence of pathological
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dystrophin gene mutation), diagnostic delay is a recurring issue.”
Global population-based studies indicate a mean diagnosis age
of approximately $§years,*"® which has remained relatively
unchanged.® However, a European study reported that the mean
age of diagnosis in Europe had decreased to less than 3 years of
age." Evidence suggests that socioeconomic status disparities,
genotype and inherent issues with creatine kinase testing could
be contributing to diagnostic delay.®®

To identify opportunities for service improvement, a national
real-world audit describing the time to DMD diagnosis and the
diagnostic pathway of DMD was conducted in nine neuromus-
cular centres in the UK and Ireland. The audit outcome measures
were benchmarked with reference to the recommended DMD
diagnostic pathway® and the ages at the different stages of the
diagnostic pathway reported in a previous UK single-centre
retrospective audit by van Ruiten et al,” which included 20 boys
without a family history of DMD. A clinical audit is a recognised
strategy for improving outcomes in patients with DMD. "

METHODS

Study design and patient population

A multicentre audit of the DMD diagnostic pathway involving
retrospective data collection from hospital medical records was
conducted at nine neuromuscular centres across the UK and
Ireland. Patients were included in the audit if they had a defin-
itive diagnosis of DMD documented 3 years prior to December
2018. Eligible patients were identified, and data were collected
by the direct care team. For the purposes of this audit, a definitive
diagnosis of DMD was based on either a documented dystrophin
mutation identified by genetic test/sequencing or a documented
dystrophin-negative muscle biopsy, in instances where no genetic
test/sequencing was documented. Patients recorded as having
probable, possible or asymptomatic DMD were excluded.

Audit endpoints and benchmarking criteria

The diagnostic pathway recommended by the DMD Care
Considerations Working Group provided a foundation for data
collection relating to the different stages involved in establishing
a DMD?® diagnosis. The benchmark criteria used in this audit for
each stage of the diagnostic pathway are based on the van Ruiten

et al study’ as outlined in table 1. A complete list of the collected
data is shown in online supplemental table 1. As this was an
audit and required no direct involvement with patients and no
access to identifiable records by individuals outside the normal
clinical care team, an application for research ethics committee
approval was not necessary. Trust level approval was obtained
from each participating Trust prior to patient enrolment.

Data analysis

All analyses were descriptive. Quantitative variables were
summarised as mean, SD, median, IQR and range. Anal-
yses were conducted for the overall patient population,
and for stratified subgroups where appropriate. Data are
presented as mean=SD unless otherwise stated, and percent-
ages rounded to the nearest whole number (and as such may
not sum to 100%). In cases where data were incomplete,
the denominator is stated. A single patient was diagnosed
antenatally and was excluded from select analyses; these are
highlighted in online supplemental table 1.

Where partial data were provided, resulting in the time
between two observations yielding a negative value (n=7), the
value on the partial data was assumed to be zero.

In the benchmark study, only patients without a family
history of DMD were included’; therefore, in the present
audit, analyses were stratified according to the presence/
absence of a documented family history of DMD. Two further
subgroups relating to definitive diagnosis were created to
examine extremities in the diagnostic ages. While no official
definitions for early or late definitive diagnoses exist, for the
purpose of this audit, early diagnosis was defined as a docu-
mented definitive diagnosis at age <4 years (<48 months)
and late diagnosis was defined as a definitive documented
diagnosis at age >5 years (>60 months).

RESULTS

A total of 122 eligible patients were included and the number of
patients at participating centres ranged from 5 to 28 (a full list
of participating centres is shown in online supplemental table
2). A family history of DMD was recorded for 26 out of 122
(21%) patients; of these, 20 (77%) had an affected first-degree

Table 1 Benchmark criteria for each stage of the diagnostic pathway
Number ~ Recommendation® Audit criteria Benchmark standard’
(1) DMD is confirmed as a definitive diagnosis once the presence of a  Age at definitive diagnosis Mean age: 51.7 months’

genetic mutation in the dystrophin gene has been established via
genetic testing or sequencing®

(2) DMD should be suspected in a patient not walking by 16-18
months, showing Gowers' sign, or toe walking (any age, especially
<5 years old)®

Age at first engagement with a healthcare professional related to
reported symptoms suggestive of DMD

Age at first reported symptoms, defined as age of first reported

Mean age: 42.9 months’

Mean age: 32.5 months’

concerns by parents

(3) As (2)

(4) CK test should be performed if unexplained increase in
transaminases or the patient has symptoms suggestive of DMD®

(5) In the absence of neonatal screening for DMD, parents need to

initiate contact with a healthcare professional if they, or persons
involved in caring for their child (eg, nursery teachers), have
concerns regarding the development of their child

6) Healthcare professionals should follow guidelines to establish the
diagnosis of DMD.® Rapid referral to a neuromuscular specialist,
with input from a geneticist or genetic counsellor is recommended.® to (1)

(7) As (5) and (6)

Age at first blood test result with measurement of CK or CK-MM

Time from first reported symptoms to first engagement with a
healthcare professional (presentational delay), defined as time from
(3)t0(2)

Time from first engagement with a healthcare professional to date
of definitive diagnosis (diagnostic delay), defined as time from (2)

Total time from first reported symptoms to definitive diagnosis,

Mean age: 50.1 months’

Mean time: 10.4 months’

Mean time: 8.8 months’

Mean time: 19.2 months’

defined as time from (3) to (1)

CK, creatine kinase; CK-MM, muscle creatine kinase; DMD, Duchenne muscular dystrophy.
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Figure 1

Age at first engagement with HCP related
to reported symptoms suggestive of DMD

Time from first engagement with HCP to date
of definitive diagnosis (diagnostic delay)

Benchmark standard 6 = 8.8. months

Age at first blood test result with
measurement of CK or CK-MM

Age at first reported symptoms, defined as
age of first reported concerns by parents

Benchmark standard 1 = 32.5 months Benchmark standard 4 = 50.1 months
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Total time from first reported
symptoms to definitive diagnosis
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Age and diagnostic time periods at key stages in the DMD diagnostic pathway overall and stratified by DMD family history. Mean age

(months) and time (months) at key stages in the diagnostic pathway are presented for the overall population and stratified by DMD family history
(A-G). CK, creatine kinase; CK-MM,muscle creatine kinase; DMD, Duchenne muscular dystrophy; HCP, healthcare professional.

relative, 4 (15%) had an affected second-degree relative, 1 (4%)
had an affected distant relative and familial relationship was not
recorded for 1 (4%). Of the patients with a postnatal diagnosis
of DMD, 51 out of 121 (42%) were <48 months, 27 out of 121
(22%) were 48—60 months and 42 out of 121 (35%) were >60
months of age at diagnosis.

Assessment of age and diagnostic time periods at key stages
in the DMD diagnostic pathway

Results for age and diagnostic time periods at key stages
in the DMD diagnostic pathway are shown in figure 1 and
summary statistics in online supplemental tables 3,4. The
mean age at definitive diagnosis in the overall population
(n=120) was 53.9 (%29.7) months (family history: 50.6
(+44.1) months, (n=25); no family history 53.9 (£24.6)
months, (n=92)) (figure 1A). The median (IQR) age at
definitive diagnosis in the overall population (n=120) was
52.2 (31.5-65.0) months (family history: 36.9 (12.8-64.9)
months, (n=25); no family history 52.4 (37.9-64.0) months,
(n=92)) (online supplemental table 3).

The mean ages (months) at first engagement with HCPE, age
at first reported symptoms, age at first blood test result in the
overall population were 49.9%+28.9 (n=106), 36.4+26.8
(n=66) and 53.8+30.1 (n=97), respectively. Data relating to
patients with an early diagnosis or late diagnosis are summarised
in online supplemental table 4.

In relation to presentational delay and time to diagnosis, the
mean times (months) for the overall population for first reported
symptoms to first HCP engagement, first engagement with HCP
to date of definitive diagnosis and from first reported symp-
toms to definitive diagnosis were 21.1£21.1 (n=59), 4.6+7.9
(n=106) and 24.2+20.9 (n=66), respectively (figure 1E-G).
Summary statistics in relation to patients with and without a
family history are shown in online supplemental table 3. For
patients with an early diagnosis and late diagnosis, data relating
to age and time at key stages of the diagnostic pathway are
summarised in online supplemental figure 1 and online supple-
mental table 4.

Symptoms of DMD

The percentage of patients with motor and non-motor symp-
toms and the types of symptoms experienced are summarised
in figure 2A,B. The percentage of patients with motor and
non-motor symptoms recorded in the overall population was
88% (106/121) and 47% (57/121), respectively (not mutu-
ally exclusive). No motor symptoms were recorded in 2 of
the 57 patients who had non-motor symptoms recorded.
Motor symptoms included gross motor delay and Gower’s
sign on rising from the floor, while non-motor symptoms
included speech delay or articulation details and cognitive
delay (figure 2B). In the majority of cases (overall popula-
tion: 73% (77/106), (n=106)), it was the parent who noticed
the early motor symptoms of DMD (online supplemental
table 5). Motor and non-motor symptoms experienced by
patients classified as early diagnosis and late diagnosis are
summarised in online supplemental figure 2.

Diagnostic tests performed

Overall, 100% (121/121) of patients received a creatine
kinase test (CKT) (figure 3). The distribution of HCPs
requesting CKTs for the overall population and in patients
with and without a family history is summarised in online
supplemental table 7. Overall, 97% (118/122) of patients
underwent a genetic test for DMD (DMD gene deletion or
duplication) (family history: 92% (24/26); no family history:
989% (91/93)) and 20% (24/122) of patients had DMD
genetic sequencing (family history: 12% (3/26); no family
history: 23% (21/93)). In patients diagnosed early and late,
the diagnostic tests performed and the distribution of HCPs
requesting a CK test are summarised in online supplemental
figure 3 and online supplemental table 8, respectively.

Protocols followed to establish diagnosis of DMD

The most commonly reported protocols used for establishing
the diagnosis of DMD (see online supplemental table 9) were
the following: guidance on https://childmuscleweakness.org/
16 (449, [15/34]); the integrated diagnostic pathway (41%,
[14/34]); and Standards of Care for Duchenne muscular
dystrophy (29%, [10/34]). Data in relation to patients with
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No family history of DMD*

@ Yes @ Not provided (n=25) (n=93)
Non- 47 Non- 48 Non- as
motor 53 motor 52 motor 55
88 72 91
Motor Motor Motor
12 28 9
0 50 100 0 50 100 0 50 100
Patients (%) Patients (%) Patients (%)

= Motor symptoms™*

Overall
B (N=106/57)

Gross motor delay
Gower's sign on
rising from floor

Calf pseudohypertrophy
Difficulty climbing stairs

Difficult running
or climbing

Abnormal gait

Frequent falling or clumsiness

Inability to keep up
with peers

Decreased endurance
Inability to jump

Muscle pain or cramping
Toe walking

Hypotonia

Flat feet

Decreased head control
when pulled to sit

Loss of motor skills

Other

Speech delay or

articulation difficulties

Learning and attentional issues

Cognitive delay

Behavioural issues
Failure to thrive/
poor weight gain

Other

of DMD (n=18/12)

® Non-motor symptoms™

No family history
of DMD (n=85/42)

Family history

83

83

8 17

0 20 40 60 80 100
Patients (%)

20 40 60 80 100 0 20 40 60 80 100
Patients (%) Patients (%)

*Not mutually exclusive because patients may have presented with >1 symptom. DMD, Duchenne muscular dystrophy

Figure 2 Symptoms presented by patients overall and stratified by DMD family history. The percentage of patients with motor and non-motor
symptoms are presented for the overall population and stratified by DMD family history (A); the type of symptoms experienced in the overall patient
population and by subgroup are also presented (B). *Not mutually exclusive because patients may have presented with >1 symptom. DMD, Duchenne

muscular dystrophy.

an early diagnosis or late diagnosis are summarised in online
supplemental table 10.

DISCUSSION

An early and accurate diagnosis of DMD is crucial, as this allows
for early treatment, early implementation of the standards of
care (including drug therapy in subgroups where indicated) and
early access to appropriate genetic counselling.'” The aims of
this audit were to evaluate the time to diagnosis and to describe
the prediagnosis pathway in patients diagnosed with DMD
at selected centres in the UK and Ireland, with benchmarking
against a previously published audit.” The results of this audit
were broadly similar to the previously published benchmark
audit; however, several important distinctions were ascertained,

which could have implications for the diagnostic pathway of
DMD.

The mean age of patients at the time of definitive diagnosis for
the overall population was 53.9 months, which is broadly similar
to the benchmark audit (51.7 months)” and a cross-sectional
survey conducted in seven European countries (51 months).'*
Results from the present audit suggest there was a slight change
in the age at DMD diagnosis.”

In this audit, the total time from the first reported symptoms
to the time of definitive diagnosis was broadly similar to bench-
mark audit (19.2 months).” However, the time from first engage-
ment with HCP to definitive diagnosis was approximately half
the time described in the benchmark audit (8.8 months).” This
demonstrates that once the signs are recognised and the child is
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Figure 3  Diagnostic tests performed overall and stratified by DMD family history. The percentage of patients in whom diagnostic tests were
performed are presented for the overall population and stratified by DMD family history. *Not mutually exclusive because patients may have
presented with >1 symptom. **Includes albumin, alkaline phosphatase, bilirubin, gamma-glutamyl transferase and vitamin D. DMD, Duchenne

muscular dystrophy.

referred appropriately, a diagnosis is reached quickly. However,
given that the general practitioner (GP) attendance record of a
patient, as contained in their secondary care medical notes, may
not be comprehensive, the patient’s earliest engagement with a
GP (HCP) may not have been captured. As such the true time
from first engagement with HCP to definitive diagnosis may be
longer than the observed 8.8 months.

Generally, genetic testing takes 1 month for deletion/duplica-
tion testing and if negative, an additional 3 months is required
for acquisition of the full sequence. Collectively, these results
suggest that the diagnostic delays highlighted in the earlier 2014
audit have perpetuated to this audit and appear to be mostly
related to delays in initial recognition of symptoms or referral
to a paediatrician.

The results of the present audit highlight a presentational
delay, with the time from reported symptoms to first docu-
mented HCP visit approximately twice as long as reported in the
benchmark audit (10.4 months).” The potential reasons for the
observed presentational delay may be due to social factors and
the difficulty, by some parents for instance,” in recognising the
manifestations of DMD; these typically include motor symptoms
(eg, motor milestone delay, inability to run/other gait signs, calf
pseudohypertrophy and Gowers’ sign) and non-motor symp-
toms (eg, speech or global developmental delay, behavioural and
learning challenges, failure to thrive and fatigue). Almost half of
patients in the audit had experienced non-motor symptoms prior
to diagnosis and evidence suggests that failure to recognise non-
motor symptoms as a common feature of DMD can contribute to
late diagnosis.'" These findings highlight a potential unmet need
in the community for educational initiatives to raise awareness
of the signs and symptoms of DMD. Such educational initiatives

would need to be tailored accordingly for different groups in
the community (eg, parents/carers, physiotherapists and paedi-
atric nurses). Such initiatives may include the e-learning module
launched by the Royal College of Paediatrics and Child Health
to support early recognition of neuromuscular disorders.'® It is
important to note that the impact of this e-learning may not be
reflected in the findings of this audit.

To improve overall service, several opportunities could be
explored. The presentational delay observed could be related to
a lack of overall awareness of DMD in the community (HCPs
and the general public), leading to failure to recognise the early
signs and symptoms of DMD. Maximising the recognition of
early symptoms of DMD through education of community
teams, health visitors and nursery staff is crucial. Therefore, it
may be useful to survey primary care HCPs to understand the
most effective approach (eg, specific guidance) to encourage
their routine assessment of motor and non-motor symptoms,
particularly where there is evidence of speech or global develop-
mental delay. A presentational delay means that patients do not
get prompt referral to specialist centres to receive treatments,
such as mutation-specific therapies.'”

Any retrospective analysis of medical records will be limited
by the quality and completeness of the available records. This is
likely to have had its most pronounced impact on data related
to contacts with HCPs. The number of HCP contacts may have
been under-reported, given that GP attendance details may
not be comprehensively documented in secondary care patient
records. Additionally, the description of time from first reported
symptom to first engagement with a healthcare professional was
based on age at first reported concern, specifically by parents.
As this age/date was not available for many patients, description
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of presentational delay was not based on all recruited partici-
pants. A future study that includes primary care data would be
important to provide a comprehensive overview of the diag-
nostic pathway.

CONCLUSION

Many of the findings of this audit were in line with those from a previ-
ously published single-centre audit conducted in 2014, except for the
time from first HCP engagement to definitive diagnosis and time
from first reported symptoms to engagement with an HCP. There
may still be delays from symptom onset to the first engagement with
an HCP and subsequent referral for a definitive diagnosis. As there
are more treatment options for DMD available today compared with
2014, there is an urgent need to reduce any presentational delay.
Failure to recognise the early symptoms of DMD could be contrib-
uting to the observed presentational delay. As a result of this, patients
will receive treatment later in disease progression, where certain
treatments, such as gene-specific treatments, are more successful if
initiated early."* Ultimately, failure to recognise early DMD symp-
toms is an unmet need in the diagnosis pathway and additional strat-
egies for improvements should be explored.
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