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Abstract

Myopathies are heterogenous and can provide a diagnostic puzzle. Many patients investigated for myopathy will go on to
other diagnoses. An overall understanding of how patients are investigated for suspected myopathy is lacking. Our aim was
to understand how patients were investigated for myopathy in our tertiary centre and the timeline of their diagnostic journey.
Through local database searches over a 5-year period (2015-2019), we identified a final total of 770 patients investigated for
myopathy. Of these, 29.7% went on to a diagnosis of myopathy. The top non-myopathy diagnoses were neuropathy, spinal
pathology and ataxia. Both the myopathy and non-myopathy groups had symptoms for an extended period before reaching
specialist services (both groups 104 weeks). Following a first hospital visit, median time to diagnosis was not significantly
different (myopathy 46.9 weeks, non-myopathy 40.7 weeks, p>0.05). Data on the diagnostic journey for specific myopathies
was also collected, with inflammatory myopathies diagnosed most quickly and muscular dystrophies most slowly. Muscle
MRI and biopsy had the best positive predictive values (82.7% and 83.1%, respectively), while EMG had the best negative
predictive value (89.3%). A combination of CK, EMG and neuroaxis MRI (brain and spinal cord) yielded at least one correct
test result with respect to final diagnosis in 98.9% of cases. In conclusion, patients in whom a muscle disease is considered
experience significant diagnostic delay. The first step in the diagnostic journey should be able to identify both myopathy
and non-myopathy cases.
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Introduction

Myopathies are heterogeneous and can be difficult to diag-
nose. Disease progression may be slow, and patients may
present with non-specific symptoms. While individual con-
Zekai Qiang, Laura Barnett, Georgia Bingham, Oscar Han and ditions are rare, UK data suggests the group as a whole has a
Annabel Walsh contributed equally. prevalence of approximately 80 per 100,000 people, with the
most common types of myopathy reported to be inflamma-
tory myopathies (25 per 100,000) and muscular dystrophies
(29.5 per 100,000) [3]. Historically, it has been difficult to
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Data on the time to diagnosis and the diagnostic jour-
ney of patients investigated for myopathy are limited. Most
reports focus on specific conditions. For example, a study of
adult-onset congenital myopathies revealed an average diag-
nostic delay of around 5 years [19]. A systematic review on
idiopathic inflammatory myopathies calculated a mean diag-
nostic delay of just over 2 years [17]. More general studies in
the diagnostic pathway of patients investigated for myopathy
are scare. One such example is a study from Germany, which
considered the time to diagnosis in patients diagnosed with
a range of different myopathies via a self-reported question-
naire, identifying a long time to diagnosis from the point of
first healthcare contact (4.3 years) [24]. In paediatric neurol-
ogy, studies in Duchenne muscular dystrophy appear to show
an encouraging decrease in the time to diagnosis from over
2 years [5, 27], to less than 1 year [10].

Understanding the diagnostic journey of patients investi-
gated for suspected myopathy can help improve diagnostic
pathways, recruitment into clinical trials and, ultimately,
result in better patient care. A number of patients will also
be investigated for possible myopathy but go on to other
diagnoses. Understanding how often this is the case, which
conditions these patients are diagnosed with and how they
are investigated can also help better improve resource
utilisation.

Thus, the aim of this work was to understand the diag-
nostic journey of patients being investigated for suspected
myopathy.

Methods
Data collection

The project was registered as a service evaluation within
Sheffield Teaching Hospitals NHS Foundation Trust (refer-
ence number 11314). To collect data on all adult patients
investigated for myopathy (not just patients with a final
diagnosis of myopathy), we chose to search our local data-
bases for key investigations: neurophysiology (electro-
myography, EMG), radiology (muscle MRI), genetics and
pathology (muscle biopsy). We set an investigation window
of 5 inclusive years: 2015-2019. This was done to ensure
sufficient time to allow a diagnosis to be made (given the
published data of diagnostic delay)’. All patients undergoing
tests which raised the possibility of myopathy were included.
This was done by searching for ‘myopathy’, ‘muscle dis-
ease’, ‘myositis’ and ‘myogenic’ within the request form and
issued report. For each patient, we reviewed case notes and
other investigation databases to collect the final diagnosis,
demographic details (age, gender), speciality of referring
clinician (neurology—general, neurology—neuromuscu-
lar, rheumatology, other), presenting symptoms, duration
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of symptoms, creatine kinase (considered normal/abnormal
according to the European Federation of the Neurological
Societies guidelines [12]), myositis antibody panel, EMG,
radiological and pathological tests. When collecting final
diagnoses in the myopathy group, ‘unspecified’ was given
if the biopsy found only non-specific myopathic features
and clinical observations/other tests did not reveal a spe-
cific aetiology.

Specific aims and objectives

Our aim was to understand how patients have been inves-
tigated for myopathy in our tertiary centre. Our objectives
were, for both patients with and without a final diagnosis of
myopathy, to capture the duration of symptoms prior to first
hospital contact, the test combinations used, the timeline of
test utilisation and the time taken to reach a diagnosis.

Data analysis

The demographic characteristics of the current cohort were
summarised using descriptive statistics. Given the non-nor-
mal data distribution, the association between age and the
final diagnosis was investigated using the Wilcoxon rank
sum analysis. For categorical variables such as gender and
the investigating specialty, Chi-squared tests were employed.
The numbers and percentages were computed for each myo-
pathy type and alternative diagnosis.

Diagnostic performance metrics, including sensitivity,
specificity, positive predictive values, and negative pre-
dictive values, were calculated using standard definitions:
Sensitivity = True Positives/(True Positives 4+ False Nega-
tives); Specificity =True Negatives/(True Negatives + False
Positives); PPV =True Positives/(True Positives + False
Positives); NPV =True Negatives/(True Negatives + False
Negatives).

A test combination analysis was performed to determine
the frequency of different sets of investigations. Frequencies
for each investigation for the whole cohort and myopathy/
non-myopathy groups were then calculated. For test combi-
nation performance, test results were reviewed and judged
as to whether the result was correct relative to the final diag-
nosis. This provides added information from the sensitivity/
specificity in myopathy analysis. For example, consider a
non-myopathy case with final diagnosis of radiculopathy
from imaging but a normal EMG. In the myopathy/non-
myopathy analysis, EMG would be considered correct, but
it could be considered to have missed a diagnosis it could,
at least theoretically, have contributed to. The test combina-
tions were considered using an OR operator i.e. from suite
of three tests, only one would need to be correct with respect
to diagnosis to be judged as a successful test combination.
Finally, the average number of tests used for myopathy and
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non-myopathy patients were calculated and tested for statis-
tical significance using Student’s 7-test.

The Wilcoxon rank sum test was applied to evaluate dif-
ferences in the time to investigations from initial referral for
myopathy and non-myopathy groups. The Kruskal-Wallis
test, followed by post-hoc Dunn’s test, was employed for
multiple pairwise comparisons to assess the impact of myo-
pathy subtypes and initial specialists seen on the time to
diagnosis from symptom onset and from initial consulta-
tion. A Bonferroni correction was implemented to account
for multiple testing. The Wilcoxon rank sum test was again
applied to assess differences in time to diagnosis between
myopathy and non-myopathy patients, using initial referral
and symptom onset as starting points. Timelines were cre-
ated, demonstrating the median duration in weeks from the
initial hospital visit to the completion of different investiga-
tions and diagnosis. The duration of symptoms until the first
hospital visit is described using median values. The first
quartile, median, and third quartile values are calculated to
describe the time taken for 25%, 50%, and 75% of patients
to receive a diagnosis, respectively. All analyses were per-
formed using RStudio Version 2023.09.0 +463.

Results

The initial search identified 928 patients. A total of 158
patients were excluded (e.g. due to being lost to follow-up,
incomplete clinical information), leaving a final total of 770
patients. Of these, 229 had a final diagnosis of myopathy
(29.7%). The median age of the total cohort was 56 years
(Table 1). There was a balance of gender in the whole cohort,
but males were significantly more likely to go on to a diag-
nosis of myopathy (56.3% of myopathy patients, p <0.01).
Most patients were investigated via non-neuromuscular
neurology clinics (71%). The most common final myopathy
diagnoses were inflammatory (24.9%), unspecified (15.3%)
and muscular dystrophy (13.5%; Table 2). A wide range of

Table 1 Patient demographics and referring specialties

different non-myopathy diagnoses were encountered, the top
three were neuropathy (20.9%), spinal pathology (14.8%)
and ataxia (11.3%; Table 2 and supplementary Table 1).

We next analysed the frequency and diagnostic perfor-
mance of the tests used to identify patients under investiga-
tion for myopathy (EMG, muscle MRI, biopsy, genetics),
as well as muscle-specific antibodies and MRI neuroaxis,
since these were also often used in the diagnostic workup.
EMG was the most frequently performed (91.2% in the total
cohort, 89.1% of patients with a final diagnosis of myopathy
and 92.1% of patients with a final non-myopathy diagnosis;
Fig. 1a). The most frequent test combination in patients with
a final diagnosis of myopathy was CK, EMG, and muscle
biopsy (Fig. 1b). In patients with a final non-myopathy diag-
nosis, the top combination was EMG, CK and MRI neu-
roaxis (Fig. 1¢). Myopathy patients underwent more tests
than non-myopathy patients (p <0.0001). Combinations
used in specific diagnoses can be found in supplemental
Tables 2-5 and supplementary Figs. 1-7.

The diagnostic performance of these investigations is
shown in Table 3. Of note, myositis antibodies, biopsy
and muscle MRI had the highest positive predictive values
(92.6%, 83.1 and 82.7%, respectively), while the greatest
negative predictive value was found in EMG (89.3%).

We also looked at the most informative combinations of
tests in the cohort. If one test had to be correct with respect
to the final diagnosis, the most successful combination was
CK+EMG + MRI neuroaxis (Table 4).

We next looked at the time between the first hospital
appointment, each of the investigations and diagnosis. There
was marked variation in the time each test was performed
(Fig. 2). There were differences evident between the myo-
pathy/non-myopathy groups in EMG (median myopathy
5.7 weeks, non-myopathy 6.7 weeks, p<0.01) and mus-
cle biopsy (median myopathy 26.2 weeks, non-myopathy
34.6 weeks, p <0.05).

The delay between symptom onset and first hospi-
tal consultation was the same in both groups (median

Total Myopathy Non-myopathy P value
N=770 N=229 N=541
Age 56 (24) 59 (25) 54 (25) 0.02585, Wilcoxon rank sum
Median (IQR)
Gender Male (%) 377 (49.0) 129 (56.3) 248 (45.8) 0.00979, Chi-squared
Female (%) 393 (51.0) 100 (43.7) 293 (54.2)
Specialist referral Neuromuscular neurologist (%) 222 (28.8) 91 (39.7) 131 (24.2) <0.00001, Chi-squared
Non-neuromuscular neurologist (%) 380 (49.4) 77 (33.6) 303 (56.0)
Rheumatologist (%) 120 (15.6) 48 (21.0) 72 (13.3)
Other (%) 48 (6.23) 13 (5.68) 35 (6.47)

Patients with a final myopathy diagnosis were older and more likely to be male
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Table 2 Subtypes of myopathy and non-myopathy diagnoses
Type of myopathy N (%)
Inflammatory 57 (24.9)
Unspecified 35 (15.3)
Muscular dystrophy 31 (13.5)
IBM 30 (13.1)
Mitochondrial 21 (9.17)
Metabolic 12 (5.24)
Immune mediated 11 (4.80)
Toxic 11 (4.80)
Congenital 6(2.62)
Neck extensor 5(2.18)
Endocrine 3(1.31)
Critical illness 3(1.31)
Amyloid 1(0.44)
Lysosomal 1(0.44)
McLeod 1(0.44)
Steroid-induced 1(0.44)
Non-myopathy N (%)
Neuropathy 113 (20.9)
Spinal pathology 80 (14.8)
Ataxia 61 (11.3)
Fibromyalgia 60 (11.1)
Functional neurological disorder 53 (9.80)
Musculoskeletal 39 (7.21)
Motor neurone disease 21 (3.88)
Chronic fatigue syndrome 13 (2.40)
Isolated hyperCKaemia 11 (2.03)
Movement disorders 11 (2.03)

a
CK, n (%) Neuroaxis MRl, n Muscle MRI, n EMG, n (%) Genetics, n (%)
Total, N =770 627 (81.4) 378 (49.1) 702 (91.2) 176 (22.9)
Myopathy, N =229 213(93.0) 65 (28.4) 204 (89.1) 73(31.9)
Non-myopathy, N=541 414 (76.5) 313 (57.9) 498 (92.1) 103 (19.0)
b d Average number of tests per
& 150 patient:
g 5 15 . Myopathy: 3.78 + 1.24
2 -g £ 8 100 Non-myopathy: 2.91 £ 0.97
a5 W £E ke
EC 5 EZ w0
g= N A | [ 87
L[ T 6
I ol
me!! l — mlt] — 5 ©
Biopsy [ B
MRI Muscle ] MRI Neuroaxis 1 a3
Genetics | ] Biopsy | | g 2
Myositis Abs | ] Genetics - =1
MRI Neuroaxis | ] MRI Muscle 0

o

Investigation set size

Fig. 1 The utilisation of different tests for investigating possible myo-
pathy. a. Use of the different investigations for the whole cohort and
myopathy/non-myopathy diagnoses. CK and EMG were the most
requested tests. b. Test combinations in the myopathy group. The
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Investigation set size

MyopathyNon-myopathy

most common combination of tests was CK+EMG + biopsy. c¢. Test
combinations in the non-myopathy group. EMG+CK+MRI neu-
roaxis was the most frequently used combination. d. Patients with a
final diagnosis of myopathy typically underwent more investigations
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Table 3 Diagnostic
performance of different tests in
the assessment of myopathy

Investigation n Sensitivity (%) Specificity (%) PPV (%) NPV (%)
CK 627 54.5 77.8 55.8 76.9
Myositis antibodies 114 343 95.1 92.6 44.8
EMG 702 73.5 90.6 76.1 89.3
Muscle MRI 150 70.5 79.0 82.7 65.3
Biopsy 294 72.5 84.8 83.1 75.0
Genetics 176 37.0 75.7 51.9 62.9

Note: we have not included MRI neuroaxis as, although this was commonly requested, the test was not
looking for evidence of myopathy but rather to exclude structural pathologies

Table 4 Successful combinations of tests

Combination N All N Correct Percentage
CK + EMG 334 332 96.4
EMG + Neuroaxis MRI 265 250 94.3
CK + Neuroaxis MRI 184 175 95.1
CK + EMG + Neuroaxis MRI 179 177 98.9
EMG + Muscle Biopsy 110 101 91.8
CK + Muscle Biopsy 89 80 89.9
Neuroaxis MRI 4+ Muscle Biopsy 80 75 93.8
CK + EMG + Muscle Biopsy 80 78 97.5
Genetics + EMG 67 64 95.5
Genetics + Muscle Biopsy 67 64 95.5

The most successful combination is shown in bold

Fig.2 Variation in investiga-
tion timing. A wide variation
in when tests were performed
relative to the first hospital
appointment was seen. How-
ever, patients with myopathy
tended to undergo EMG and
biopsy earlier than non-myopa-
thy patients

104 weeks) but varied considerably between different con-
ditions (Fig. 3a). The time from symptom onset to diagno-
sis was also similar in both groups (Fig. 3b; median myo-
pathy 171 weeks, non-myopathy 145 weeks, p > 0.05), as
was the time from first hospital appointment to diagnosis
(Fig. 3c; myopathy 46.9 weeks, non-myopathy 40.7 weeks,
p>0.05). Data for the most frequently encountered condi-
tions can be found in Fig. 3a-c, the full lists for all condi-
tions in both groups are contained within supplemental
tables 5 and 6.

Finally, representations of the diagnostic journey for
myopathy and non-myopathy patients were calculated
(Fig. 4). The diagnostic journey of cohort as a whole and
the top three specific diagnoses within each category and
the entire cohort (myopathy and non-myopathy) can be
found in supplemental Figs. 2-7 and 8, respectively.

Final conclusion#Myopathy 8 Non-myopathy

Blood

EMG

MRI Neuroaxis
MRI Muscle

Biopsy

L

].3

| %

o

].3

| *

Genetics

o

i

12 24 36 48 60 72 84 96
Duration since referral (weeks)

>

T

o

60 120 180 240 300 360
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MyopathyNon-myopathy

Median diagnosis time
(weeks) from symptom onset

Median diagnosis time (weeks)
from 15t hospital appointment

Median time (weeks) from
symptom onset to first
appointment (LQ, UQ)

(LQ, UQ) (LQ, UQ)

Myopathy Myopathy

Inflammatory myopathy 62.4 (17.2, 90.8) Inflammatory myopathy

Unspecified 222 (165, 310) Unspecified

M. dystrophy 380 (298, 558) M. dystrophy
Non-myopathy Non-myopathy

Neuropathy 117 (63.1, 289) Neuropathy

Spinal pathology 102 (58.9, 207) Spinal pathology

Ataxia 384 (220, 731) Ataxia

Myopathy
13.1 (5.14, 45.3) Inflammatory myopathy 26.1 (6.52, 60.8)
107 (55.8, 172) Unspecified 104 (39.1, 261)
118 (42.3, 206) M. dystrophy 261 (104, 808)
Non-myopathy
39.6 (15.1, 94.2) Neuropathy 52.1 (26.1, 156)
229 (11.7, 51.1) Spinal pathology 93.4 (34.8, 137)
184 (77.4, 265) Ataxia 209 (104, 365)

Fig.3 The times from symptom onset to diagnosis. a. Time from
symptom onset to first hospital appointment was similar in both
groups. The mean time for the top three diagnoses in each category is
tabulated. b. The time from symptom onset to the final diagnosis was

Discussion

In this study, we have documented the diagnostic journey of
patients being investigated for myopathy in our centre. We
demonstrate that the majority of patients investigated for
myopathy are found to have alternative diagnoses and that
there is a considerable delay in both presentation to special-
ist services and a final diagnosis.

Both groups of patients experienced symptoms for a con-
siderable time before reaching our centre. For the myopathy
group, such a delay is not without precedent. For example, in
Duchenne muscular dystrophy, UK data suggests 40 weeks
may elapse before healthcare advice is sought [30]. How-
ever, most reports of myopathy diagnosis tend to focus on
the overall diagnosis time (i.e. symptom onset and diagnosis
e.g.[10, 17, 19, 24, 28]. Some authors have suggested that
the long time to diagnosis in myopathy might be due to the
relatively benign course of many myopathies [24], and/or the
relatively non-specific nature of the symptoms [19]. In this
regard, the shorter delay in presentation for inflammatory
myopathies (26 weeks) likely relates to the more acute pres-
entations within this cohort. In our data, the similar delay
in the non-myopathy group would support the non-specific
symptom hypothesis.

The overall time to diagnosis (symptom onset to diag-
nosis) in our myopathy cohort is highly varied, in keeping
with prior literature on specific conditions. For example,
reports on mitochondrial disease indicate diagnosis can take
a mean of 10 years [28], for inflammatory myopathies, a
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similar in both the groups. ¢. The time from first hospital appointment
onset to the final diagnosis both from the first hospital consultant and
symptom onset. LQ lower quartile, UQ upper quartile

systematic review reported a mean delay of 28 months [17],
while IBM may take 5 years [6]. Our top non-myopathy
diagnoses (neuropathy, spinal pathology, and ataxia) also
often took considerable time to diagnose, in keeping with
the literature for those conditions [4, 7, 11, 16]. Our data on
the diagnostic performance of individual tests are in keep-
ing with the prior literature [1, 2, 13-15, 18, 22, 23, 26, 29],
and thus outlying diagnostic performance is not likely to be
contributing to our results. Our data also suggest the primary
use of some of these tests; for example, EMG may be most
useful in excluding myopathy and identifying differential
diagnoses. The value of muscle MRI is also demonstrated
through the high positive predictive value, as reported in
other studies [8, 25, 31].

What is clear is that a better diagnostic pathway is needed
for this cohort of patients. The data indicate that a means of
improving both the recognition of patients requiring special-
ist centre input (to reduce the time from symptom onset to
hospital review) and a more streamlined diagnostic approach
once in secondary/tertiary care (to reduce the time to diagno-
sis once in the specialist system) are required. Regarding the
latter, pathways comprising initial tests that can effectively
identify both myopathy and non-myopathy diagnoses appear
to be of value. These can then, where necessary, inform fur-
ther testing and help patients get to their underlying diag-
nosis as efficiently as possible. In muscle disease, this is
particularly important if therapeutic developments are going
to be leveraged effectively [6]. Our analysis suggests that a
combination of CK, EMG and MRI neuroaxis has a high
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Fig.4 Overview of investiga-
tional and diagnostic timelines.
Investigation timeline values are
medians, diagnostic are inter-
quartile range and median. All
numbers shown are in weeks

Myopathy 7 e

Symptom
Onset

Non
Myopathy
Symptom
Onset

chance of moving forward towards both myopathy and non-
myopathy diagnoses. By contrast, tests that only diagnose
one side of the myopathy/not myopathy conundrum may
fair less well, e.g. CK and biopsy (myopathy only) had the
lowest percentage success rate (Table 4). Whether test com-
binations were done together, or sequentially, would depend
upon the clinical and healthcare context and, of course, be
for the clinician to decide. However, our data indicate that
both myopathy and non-myopathy patients suffer diagnostic
delay and thus early consideration of how to investigate both
types of diagnosis may need to be given early consideration
if timelines are to be reduced.

There are limitations to our investigation. As a single-
centre study, the applicability of the findings to other cen-
tres and healthcare systems is uncertain. However, as noted
above, the duration of symptoms, diagnostic performance of
investigations, conditions encountered and time to diagnosis
are similar to prior reports from a range of countries. There
are no previous reports on large cohorts of patients in other

1% Hospital
Appointment

Time to diagnosis

1% Hospital
Appointment

Time to diagnosis

(weeks)
16.4 113
25% 75%
Diagnosed 63 Diagnosed
50%
Diagnosed

ene®

(weeks)
14.7 89.7
25% 75%
Diagnosed pac Diagnosed
50%
Diagnosed

healthcare systems, so perhaps our findings will stimulate
others to look at their own diagnostic pathways. In doing so,
the international neuromuscular community would be able
to learn from systems that appear to provide a faster diag-
nostic approach, or reconsider how neuromuscular training
is delivered in order to improve things for the future. Either
way, our attempt to draw attention to the diagnostic odyssey
of patients being investigated for myopathy has implications
for the those working in neuromuscular neurology.

In order to identify patients diagnosed with myopathy
and alternative conditions, we relied on database searches
informed by core investigations. It is, therefore, possible that
we will have missed patients in whom myopathy was con-
sidered but those investigations were not requested, e.g., we
will have missed patients in whom a purely clinical diagno-
sis was made. We think that numbers of such patients are
likely to be low. Our case note review did at least mean that
we were not subject to the recall bias that may be encoun-
tered in patient surveys [9, 24]. We also did not collect data
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on whether one clinician started the diagnostic process and
another clinician ended it, or where in the list of potential
diagnoses myopathy fell (e.g. was it the primary consid-
eration, or third or fourth on the list of differentials). Indi-
vidual practice could also have influenced test choice and
timing. Finally, our cohort contains a large number of ataxia
diagnoses in the non-myopathy group. Our centre hosts a
national ataxia unit and these patients were typically investi-
gated with a biopsy looking for evidence of a mitochondrial
cytopathy. In such cases, the muscle is effectively being used
as a post-mitotic surrogate for the CNS and this practice may
decline in the genomics first era of mitochondrial disease. As
some of these patients did have evidence of mitochondrial
myopathy of the biopsy and a final genetic diagnosis of mito-
chondrial disease, we retained this cohort within the study.

In conclusion, we found that patients investigated for
suspected myopathy have symptoms for a long time before
presenting to specialist services and then experience a long
diagnostic delay, whether they are subsequently diagnosed
with myopathy or not. We suggest that the first tests used
in the diagnostic journey should have the ability to iden-
tify myopathy and its main differential diagnoses, as seen in
our cohort. From our data, CK, EMG, and MRI neuroaxis
represent a reasonable first diagnostic triage. These can be
supplemented by genetics where clearly indicated (and they
may also improve the yield [20, 21]) and then more invasive
tests (e.g. biopsy). The development of more rapid diagnos-
tic pathways will facilitate patient care and research.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-024-12737-y.
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