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Abstract

Background and purpose: Myopathies are associated with classic signs and symptoms,
but also with possible life-threatening complications that may require assistance in an
emergency setting. This phenomenon is understudied in the literature. We aimed to as-
sess the presentation, management, and outcomes of clinical manifestations potentially
related to a muscle disorder requiring referral to the adult emergency department (ED)
and hospitalization.

Methods: Anonymized patient data retrieved using the International Classification of
Diseases, Ninth Revision codes related to muscle disorders over 4 years were retrospec-
tively analyzed. Medical reports were evaluated to extract demographic and clinical vari-
ables, along with outcomes. Two groups were defined based on the presence (known
diagnosis [KD] group) or absence (unknown diagnosis [UD] group) of a diagnosed muscle
disorder at arrival.

Results: A total of 244 patients were included, 51% of whom were affected by a known
myopathy, predominantly limb-girdle muscular dystrophies and myotonic dystrophies.
The main reasons for ED visits in the KD group were respiratory issues, worsening of
muscle weakness, and gastrointestinal problems. Heart complications were less preva-
lent. In the UD group, 27 patients received a new diagnosis of a specific primary muscle
disorder after the ED access, mostly an inflammatory myopathy. Death during hospitali-
zation was recorded in 26 patients, with a higher rate in the KD group and in patients
affected by mitochondrial and inflammatory myopathies. Sepsis and dyspnea were as-
sociated with increased death risk.

Conclusions: Respiratory complications are the most common reason for myopathic pa-
tients accessing the ED, followed by gastrointestinal issues. Infections are severe threats

and, once hospitalized, these patients have relatively high mortality.
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INTRODUCTION

Myopathies are disorders primarily affecting the skeletal muscle,
characterized by different signs and symptoms such as muscle weak-
ness, cramps, stiffness, and pain. They can be caused by genetic de-
fects or manifest as acquired forms, either isolated or in association
with systemic diseases [1-3]. Cardiac or respiratory involvement [4]
is also frequent in several myopathies. Inherited myopathies are usu-
ally slowly progressive, following a “chronic” course, with some ex-
ceptions, such as metabolic myopathies [5], which may be associated
with acute events. In contrast, in acquired (inflammatory or toxic) my-
opathies, onset is often abrupt with rapid worsening. Acute muscle
injury may be also caused by trauma or external factors, for example,
necrotizing fasciitis, muscle abscess, or muscle hematoma. As a re-
sult, patients with various myopathies may seek medical assistance
in an emergency setting, either for the relevance and progression of
muscle symptoms or for possible life-threatening cardiac and respira-
tory complications. However, despite the unexceptional occurrence
and the multiple reasons for emergency department (ED) referral of
myopathic patients, there is a lack of studies systematically analyzing
the prevalence, characteristics, and outcomes of this phenomenon.

We designed this retrospective study to analyze the presentation,
management, in-hospital flow, and outcomes of clinical manifestations
potentially related to a muscle disorder requiring referral to the ED
and hospitalization in a large tertiary center. In particular, we wanted
to: (i) assess the most frequent causes of ED access among patients
already diagnosed with a muscle disorder, reflecting possible sudden
worsening or complications of the known disease; (ii) explore the main
health issues of patients who did not yet have a specific diagnosis; (iii)
understand the most common new diagnoses of myopathies for pa-
tients admitted from the ED; and (iv) evaluate the outcomes and their
main determinants in the different patient populations.

Awareness of the clinical picture and main causes leading to ED
access and hospitalization of patients affected by muscle disorders
can help prompt recognition. This audit of the workflow and out-
comes from a tertiary referral center with longstanding experience
is relevant to improving the medical care and in-hospital manage-

ment of this specific patient population.

METHODS

Data were collected from adult (age >18 years) subjects hospitalized
through the ED of the Fondazione Policlinico Universitario Agostino
Gemelli IRCCS in Rome (Italy) between 2014 and 2018, to avoid any
influence of the COVID-19 pandemic. The study was conducted
in accordance with the Declaration of Helsinki and its later
amendments and was approved by the local institutional review
board (IRB #0025817/22).

Consecutive cases were anonymously retrieved from the
computerized clinical record database using the International
Classification of Diseases, Ninth Revision (ICD-9). All the codes in
the 359 ICD-9 group (“Muscular dystrophies and other myopathies”)

and other relevant codes (such as 710.3 Dermatomyositis, 710.4
Polymyositis, 728.88 Rhabdomyolysis) were used for the query (full
list detailed in Table S1).

For each case, the complete electronic medical record related to
the ED visit and subsequent hospitalization was analyzed, collecting
the following information: demographics, triage classification, vital
parameters at arrival, chief and other complaints, serum creatine ki-
nase level, previous medical history (diabetes, heart failure, vascular
diseases, cancer, chronic obstructive pulmonary disease, dementia),
ward of hospitalization, relevant procedures performed and disease
course, length of stay, final diagnosis, and outcome. Patients were
split into two groups: known diagnosis (KD) at admission (i.e., patients
with a previously established diagnosis of myopathy), and patients
with unknown diagnosis (UD). In the UD group, we further identified
patients who eventually received a specific diagnosis of a muscle dis-
order during hospitalization (newly diagnosed [ND] subgroup).

Descriptive statistics are primarily used, and data are expressed
as mean =+ standard deviations, percentages, and medians with 95%
confidence interval (Cl). Differences in continuous variables were
explored using the Mann-Whitney or Kruskal-Wallis test as ap-
propriate. Differences in categorical variables were explored using
Fisher's exact test or the chi-squared test. Multivariable analysis of
outcomes was performed modeling a multiple linear regression, with
the length of hospitalization as the dependent variable and demo-
graphics, chief and other complaints, concomitant diseases, compli-
cations, and relevant procedures performed as predictors. A logistic
regression, with survival as the dependent variable, was also mod-
eled, using the same independent variables as previously reported.
Statistical significance was set at p <0.05, and all analyses were per-
formed using IBM® SPSS Statistics v.28.

RESULTS

The total number of patients accessing the ED during the study pe-
riod was 362,933, and 91,144 (25.1%) of these were hospitalized. Of
these, 406 patients received an ICD-9 code correlated with a mus-
cle disorder, representing the initial query retrieval. After analysis
of the medical records, 162 patients were removed for the follow-
ing reasons: wrong ICD-9 code attribution; myalgias not associated
with myopathy (for example, chest pain in heart diseases); crush
syndrome; and planned admission via ED during front desk clos-
ing hours. The final number of patients included in the study was
244 (137 male and 107 female; mean age 54.9 +19.2years, range
18-89years), representing 0.3% of the total hospital admissions
from the ED (Figure 1). No seasonal trends or substantial yearly dif-
ferences in the number of cases of ED access were identified, nor
was any difference found between weekdays and weekends.

A total of 124 patients (51%) had an already established my-
opathy diagnosis (KD group), while 120 (49%) were undiagnosed
at admission (UD group). Patients mainly reached the ED using
their own means of transportation (n=135, 55%), or by ambulance
(n=85, 35%). Two patients were transported using air ambulance.
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FIGURE 1 Flowchart of the patients
included in the study. DMD, Duchenne
muscular dystrophy; FSHD, facio-scapulo-

Adult patients hospitalized from the Emergency
Department (ED) with an ICD-9 code suggestive of a

muscle disorder (2014-2018)
[N =406]

humeral muscular dystrophy; ICD-9,
International Classification of Diseases,
Ninth Revision; LGMD, limb-girdle
muscular dystrophy.

Patients excluded due to:

- Wrong ICD-9 code

- Myalgias not associated with a
myopathy

- Crush syndrome

- Planned hospitalization via ED
during front desk closing hours

[N=162]

A\ 4

Eligible patients

[N =244]

A 4

Known diagnosis Unknown diagnosis
(KD) (UD)
[N=124] [N=120]

A

Myotonic dystrophy type 1 and 2 [N = 24]

LGMD [N =29] Toxic-metabolic [N = 14]
DMD [N = 15] Post-exercise rhabdomyolysis [N = 8]
Mitochondrial myopathy [N = 10] Post-infectious thabdomyolysis [N = 16]
FSHD [N =17] Myopathies associated with chronic

Other specified myopathies [N = 11]

Polymyositis [N = 13]
Dermatomyositis [N = 9]
Necrotizing myopathy [N = 6]

New specific muscle disorder (ND) [N = 27]

systemic diseases [N = 33]
Acquired muscle injury [N = 22]

On a four-point ED triage scale (White=non-urgent, Green=de-
ferrable, Yellow=urgent, Red =life-threatening), 114 patients were
coded Yellow (47%), 99 were coded Green (41%) and 21 were coded
Red (9%). Patients were admitted to the following wards: 122 (50%)
Internal Medicine and Cardiology, 97 (40%) Neurology, 14 (6%)
Surgery and 11 (5%) Intensive Care Unit (Table 1).

The major cause for ED access in the KD group was respira-
tory (47 patients, 38%), either caused by primary respiratory mus-
cle weakness (=28, 23%) or by a concomitant infectious disease
(Table 2). Pneumonia was diagnosed in 14 patients (11%) and, in two
patients, the lung infection was ab ingestis. Worsening muscle weak-
ness was the reason for ED access in 21 patients (17%), followed
by gastrointestinal causes (n=18, 14%) and cardiac issues (n=15,
12%). Abdominal pain associated with nausea and vomiting was
observed mostly in patients affected by mitochondrial myopathies
(n=5, 45%) and dermatomyositis (=4, 44%). Regarding cardiac dis-
eases, heart arrhythmia was the documented cause for ED access
in seven patients of this group, mostly myotonic dystrophy type 1
or 2, and in four patients (three myotonic dystrophy type 1 and one
facioscapulohumeral muscular dystrophy [FSHD]), the placement of
an implantable pacemaker-cardioverter defibrillator was necessary.
In 15 patients (13%), mainly affected by inflammatory myopathies
(n=5) and myotonic dystrophy (n=4), sepsis was documented and
led to hospitalization after ED access, while four patients (3%) had a
traumatic injury due to falls.

The majority of patients in the KD group who accessed the ED
were affected by limb-girdle muscular dystrophy (LGMD; 29 patients,
23%), followed by myotonic dystrophy (n=24, 19%) and Duchenne
muscular dystrophy (DMD; n=15, 12%). Among LGMD patients, by
far the most prevalent reason for seeking urgent assessment and
care was respiratory (n=13, 45%), followed by cardiac issues (h=>5,
17%, mostly heart failure). Respiratory failure (=5, 21%) and heart
arrhythmias (n=5, 21%) were the main health issues for myotonic
dystrophy patients, together with sepsis (n=4, 17%). Three patients
(13%) had major gastrointestinal complaints, in two cases this was
due to a pseudo-obstruction and in one case it was caused by a vol-
vulus. Adult DMD patients instead had pulmonary infection in 47%
of cases (n=7), and less frequently had non-infectious respiratory
failure (n=3, 20%) or gastrointestinal issues (n=3, 20%).

In the group of immune-mediated myopathies (dermatomyo-
sitis, necrotizing myopathy, or non-otherwise specified inflamma-
tory myopathy, i.e., polymyositis), worsening of muscle weakness
and respiratory failure were the most prevalent causes, except for
dermatomyositis patients, who mostly complained of serious gas-
trointestinal events. More specifically, two patients had nausea and
vomiting due to drug-induced hepatitis, one an acute diverticulitis
and another a malignant bowel occlusion.

The majority of patientsin the UD group at admission were later
discovered to have an associated chronic systemic disease respon-
sible for the muscle symptoms (n=33, 28%), mainly kidney disease
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KD group UD group p value TABLE 1 .Comparison of the .
characteristics and outcomes of patients
Sex, M:F 67:57 70:50 n.s. with and without a known diagnosis (KD)
Age, years 54420 56119 ns. of a muscular disorder at emergency
Triage code, n (%) department arrival.
White 1(0.8) 0(0) 0.001
Green 35(28) 64 (53) 0.001
Yellow 70 (56) 44 (37) 0.001
Red 12(9.7) 9(7.5) 0.001
CK at arrival, lU/L 1141+1776 5629+11,536 <0.001
CK difference at discharge -1964+2182 -4881+10,395 n.s.
Diabetes, n (%) 11 (8.9) 13 (11) n.s.
Vascular diseases, n (%) 13 (10) 17 (14) n.s.
Cancer, n (%) 17 (14) 18 (15) n.s.
Heart failure, n (%) 13 (10) 12 (10) n.s.
COPD, n (%) 14 (11) 10(8.3) n.s.
Dementia, n (%) 5(4) 1(0.8) n.s.
Abdominal disturbances, n (%) 21(17) 12 (10) n.s.
Dyspnea, n (%) 43 (35) 14 (12) <0.001
Pneumonia, n (%) 29 (23) 12 (10) <0.01
Sepsis, n (%) 15(13) 8(6.7) n.s
Other infections, n (%) 7 (5.6) 9 (7.5) n.s
Major surgery, n (%) 12 (9.7) 9(7.5) n.s
Mechanical ventilation, n (%) 20 (16) 2(1.7) <0.001
Ward of hospitalization, n (%)
Neurology 55 (44) 42 (35) n.s.
Internal Medicine and Cardiology 55 (44) 68 (57)
Intensive Care Unit 7 (5.6) 3(2.5)
Surgery 7 (5.6) 7 (5.8)
Length of hospitalization, days 20.9+31.3 16.2+17.5 n.s.
Death 19 (15) 7(5.8) 0.02

Note: Values expressed as mean +standard deviation or number and %.

Abbreviations: CK, creatine kinase; COPD, chronic obstructive pulmonary disease; F, female; IU/L,
international units per liter; KD, known diagnosis; M, male; n.s., nonsignificant; UD, unknown

diagnosis.

(eight patients), liver disease (eight patients), and heart failure (five
patients). Twenty-two patients (18%) were identified to have an ac-
quired muscle injury (necrotizing fasciitis, muscle abscess, or hema-
toma). Sixteen patients (13%) had post-infectious rhabdomyolysis.
Fourteen patients (12%) had muscle signs and symptoms, either
drug-induced or associated with endocrine disorders (five cases of
statin-associated hyperCKemia, four cases of hyperCKemia from
neuroleptic treatment, two cases of hypothyroid myopathy, two
of colchicine-induced myopathy and one of primary hyperaldoste-
ronism). Eight patients (7%) had rhabdomyolysis after strenuous
physical exercise. Finally, 27 (23%) were eventually diagnosed with
a specific primary muscle disorder, either inflammatory or genetic
(ND group). In this subgroup, an inflammatory myopathy was the
most frequent diagnosis (23 patients, 85% of this group). Notably,
one case of sporadic late-onset nemaline myopathy [6] and one

of myotonic dystrophy type 2 were also present, highlighting the
possibility of a relatively acute onset or worsening of these rare
conditions. The majority of patients in this group (n=17, 63%) were
triaged for muscle-related symptoms (weakness, cramps, myalgias,
rhabdomyolysis). Dysphagia (in four patients, two with inflamma-
tory myopathies, one with sporadic late-onset nemaline myopathy,
and one with a mitochondrial myopathy) and respiratory failure
(four patients, three of whom had inflammatory myopathies and
one a congenital myopathy) were the other more frequent causes
for ED access.

Creatine kinase dosage was available for 128 patients (52%). The
average value at arrival was 4857 +10,651 IU/L (range 9-94,037
IU/L), with higher values for the UD group.

The mean (range) length of hospitalization (LOH) was
18.6+25.5(0.5-262) days, with no significant difference between
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TABLE 2 Main cause for emergency department access in patients in the known diagnosis group.

Heart disease

Respiratory disease

Heart Heart

Coronary

Worsening

Respiratory
failure, n

failure, n

arrhythmia,
n (%)

heart disease,

n (%)
1(3.4)
2(8.3)

Gastrointestinal
causes, n (%)

of weakness
n (%)

Other specified
causes, n (%)

Other, n

(%)

Pneumonia,
n (%)

Patients,

Limb-girdle muscular dystrophy
Myotonic dystrophy type 1 and 2
Duchenne muscular dystrophy
Mitochondrial myopathy

Other specified myopathies

Polymyositis

Dermatomyositis

7(6)
6(4)
124

Facioscapulohumeral muscular dystrophy

Immune-mediated necrotizing myopathy

Total

15(12)

18 (14)

21(17)

23(19)

47 (38)

Note: Other specified causes: infectious diseases, sepsis, trauma, cancer. Other respiratory disease: chronic obstructive pulmonary disease, interstitial pulmonary fibrosis, pneumothorax.

the KD versus the UD group or among the distinct triage groups.
The multiple linear regression model run to predict LOH was statis-
tically significant (adjusted R?: 0.355, F-statistic: 26.221; p<0.001).
Major surgery (=16.9, 95% Cl 12.3-21.1; p<0.001), mechanical
ventilation (f=14.4, 95% Cl 4.5-24.2; p=0.04), sepsis ($=21.0, 95%
Cl 11.3-30.7; p<0.001) and pneumonia (=12.7, 95% Cl 5.4-20.0;
p <0.001) significantly predicted longer LOH.

A total of 26 patients (11%) died during hospitalization (13 male
and 13 female, mean [range] age 61.7 +17.3[23-89]years), mainly
from respiratory failure (n=12, 50%) and sepsis (n=7, 27%). The
proportion of deceased subjects was significantly higher in the KD
group versus the UD group (p<0.02). The most frequent known
diagnoses were mitochondrial myopathy (n=5, 26%), polymyositis
(h=5, 26%), and LGMD (nh=4, 21%). The logistic regression model
(death as dependent variable) was statistically significant (adjusted
R?: 0.129, chi-squared=16.0, p<0.001, 88.5% of cases correctly
classified) and showed that sepsis (odds ratio [OR] 5.4, 95% CI 1.9-
15.6; p=0.002) and dyspnea (OR 3.3, 95% Cl 1.4-7.9; p=0.007) in-
creased the risk of death.

Although the percentage of patients who died was greater in
the triage groups with higher priority codes (6% for Green, 11% for
Yellow, and 29% for Red), this correlation was not confirmed in the
multivariable analysis.

DISCUSSION

In the present study, we provide an overview of the clinical
presentation and outcomes of adult patients affected by muscle
disorders who were hospitalized following an ED visit at our
institution during a 4-year period, independent from the bias of
the COVID-19 pandemic and therefore likely to represent a recent
realistic scenario.

Our center serves as a reference for advanced healthcare and
emergency treatment for a population of approximately 1.8 mil-
lion inhabitants over a 4000-km? area to the north of the city of
Rome and the Latium region (central Italy). Half of our study popu-
lation was already diagnosed before ED admission and was mainly
composed of LGMD, myotonic dystrophy, and DMD patients. The
prevalence of the different forms of muscle disorders in the catch-
ment area is assumed to have had an impact on these findings.
Prevalence estimates in Italy vary widely: 1.7-3.4:100,000 inhabi-
tants for DMD [7, 8], 9:100,000 for myotonic dystrophy type 1 [9],
1:100,000 for myotonic dystrophy type 2 [10], 5:100,000 for FSHD
[11], and 0.5:100,000 for congenital muscular dystrophies [12], while
the cumulative prevalence of all LGMDs was assessed to be up to
6.9:100,000 [13]. No specific data are available regarding the prev-
alence of immune-mediated myopathies in Italy: an estimate from
a systematic review set the worldwide prevalence to 14:100,000
inhabitants, although with relevant geographical differences [14].
For mitochondrial myopathies, the point prevalence reported in
England in adults is 12.5:100,000 [15]. Even if exact data are not
available, we can speculate that the cumulative prevalence of all the
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diseases considered in the present study is approximately 1000-
1400 patients in the geographical area of interest and the annual-
ized percentage of patients hospitalized from ED visits could then
be estimated in the range 4.3%-6.1% based on our findings. This
figure can be used as a reference by healthcare service providers
when planning the resources needed to guarantee adequate care for
these rare conditions, as well as by specialized neuromuscular cen-
ters to forecast the number of possible cases that may need urgent
assistance.

Patients with LGMD were the most frequent users of our ED,
despite LGMD not being the most common disease category. Our
center has a longstanding tradition of managing such patients, and
their attraction from neighboring regions may have contributed to
the enrichment of these patients in our cohort. The second most
frequent group was that of patients with myotonic dystrophy, due
to the higher prevalence of these conditions but also to the frequent
multi-organ involvement and potential life-threatening complica-
tions [16]. The relatively low number of patients with DMD may be
attributable to the fact that a number of young adults are still often
followed as part of a transition process in collaboration with the pe-
diatric groups and may have different systems of referrals for direct
admissions into inpatient wards without access to ED.

Of note, the main cause for ED referral and hospitalization in
the KD group was respiratory insufficiency, sometimes associated
(in 11% of cases) with a superimposed lung infection. This latter oc-
currence was particularly frequent in adult DMD patients access-
ing the ED, reaching up to almost half of the cases. Pneumonia is
a common and severe complication of respiratory involvement in
DMD patients, and interventions aimed at reducing this risk such
as assisted coughing are recommended by current guidelines [17].
An increased alert for clinical signs of pneumonia (fever, respiratory
distress, sputum production, hypoxemia), together with additional
tests such as white blood cell count, C-reactive protein concentra-
tion, and chest X-ray, together with prompt antibiotic prescriptions,
are relevant practices to be endorsed in the ED, aiming to provide
better outcomes [18]. The occurrence of cases of pneumonia due to
ab ingestis in our cohort highlights the importance of the assessment
of swallowing difficulties in myopathic patients [19].

Gastrointestinal causes were also relatively frequent in our co-
hort (14% in the KD group), especially in patients affected by mi-
tochondrial myopathies. It is estimated that more than 50% of
the mitochondrial myopathies present with some form of enteric
dysfunction, possibly caused by either central nervous system in-
volvement, (autonomic) neuropathy or smooth muscle involvement
in these multisystemic conditions [20, 21]. Acute intestinal pseudo-
obstruction represents the most severe complication of this spec-
trum, requiring prompt treatment [22]. Maybe more surprisingly,
patients with dermatomyositis also had a relatively high rate of
gastrointestinal complications, mainly as a consequence of immuno-
suppressive treatment or, of particular relevance, caused by a con-
comitant bowel malignancy. In 15%-30% of cases, dermatomyositis
represents a paraneoplastic syndrome and the risk of cancer should
be considered and screened accordingly in all patients, especially in

specific serologic subgroups such as those that tested positive for
anti-transcription intermediary factor (TIF) 1-y or anti-nuclear matrix
protein (NXP) 2 autoantibodies [23].

A significant number of patients (13% of the KD group), espe-
cially those affected by inflammatory myopathies, had sepsis, and a
contributor to this occurrence could be found in the use of immuno-
suppressive treatments to control the underlying muscle disorders.

Conversely, cardiac issues were among the least frequent causes
of ED access in our cohort. Despite the relevant and invariable heart
involvement in DMD [24], cardiac events were not at all recorded as
the reason for ED access in these patients, highlighting the efficacy
of currently implemented standards of care for cardiac surveillance
and treatment [25]. However, cardiac assessment in the ED is strictly
recommended in DMD as well as in other muscular dystrophies
where the heart is involved. In myotonic dystrophy, for instance,
the risk of a cardiac conduction disorder is 60 times higher than the
population risk [26] and such patients have a threefold higher risk of
sudden death, mostly of cardiac etiology. Interestingly, one FSHD
patient had a symptomatic arrhythmia and needed the implantation
of a pacemaker-cardioverter defibrillator. Although severe cardiac
involvement is exceptional in FSHD [27, 28], subclinical signs of
(mainly arrhythmic) heart disease are probably more common [29,
30], and we cannot completely rule out the association between the
muscle disorder and this event in our patient.

Finally, most of the patients known to be affected by inflamma-
tory myopathies accessed the ED for relapses with acute or sub-
acute worsening of muscle weakness.

Among the UD patients evaluated in the ED and then hospital-
ized for muscle-related symptoms (hyperCKemia, weakness, cramps,
myalgia), approximately one quarter received a subsequent diag-
nosis of specific primary muscle disorder, mainly an inflammatory
myopathy, and a similar proportion was later diagnosed with a sys-
temic disorder with secondary muscle involvement, mainly kidney
and liver diseases. Chronic kidney disease is known to be associated
with muscle damage, and the term “uremic myopathy” has been used
to define this condition, which is characterized by muscle weakness
and fatigue [31, 32]. Patients affected by liver diseases can also ex-
perience cramps, weakness or even rhabdomyolysis [33]. Our data
underline that in these conditions muscle symptoms could some-
times develop acutely, leading to the need to seek emergency care.

Notably, three endocrine myopathies were also identified among
the patients who presented to the ED for muscle-related symptoms.
These conditions are rare nowadays but should always be consid-
ered in an ED setting [34, 35], where routine assessment of blood
pressure, serum electrolyte level, and thyroid function tests should
be performed in patients who complain of weakness or cramps and
myalgias and have raised CK levels.

Despite the overall low number of patients affected by myopathies
admitted to our center across several years, which could be explained
by overall effective management of these patients in the outpatient
setting or with programmed hospitalization, the priority code assigned
at triage indicates that approximately half of our population had health
problems judged as minor, which could possibly have been managed
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in an outpatient setting. However, once Green-triaged patients were
hospitalized, their LOH was not different from that observed in pa-
tients triaged as having major health problems in the ED. This higher-
than-expected admission rate for these patients with a theoretically
mild condition may derive from the concern of the ED operator regard-
ing the global frailty and substantial disability of subjects affected by
muscle disorders, which are complex diseases needing high levels of
care. This may have led to the decision not to discharge these patients
and entrust them to other settings of care. In the future, we suggest
that the empowerment of outpatient clinics and the implementation
of at-home settings of care, such as the application of telemedicine
resources, could reduce patient exposure to non-necessary risks, such
as long stays, especially in ED waiting areas, and hospital infections.
This could be a safer and more cost-effective solution for these spe-
cific categories of patient. On the other hand, we observed a high
mortality rate, up to 15% for the KD group. Respiratory failure and
sepsis were the most common causes of mortality in this group, which
was enriched with patients affected by mitochondrial myopathies and
polymyositis. Patients with more urgent priority triage codes tended to
have higher mortality, further reflecting the severity of the complica-
tion for which they were seeking emergency care.

We acknowledge, as limitations of this study, that some diseases
may have been under- or miscoded by non-neuromuscular experts.
We also acknowledge that, given the presence of dedicated wards in
our hospital, some patients with chronic diseases in follow-up, such
as DMD or mitochondrial disorders, but showing rapidly progress-
ing worsening, may also be admitted directly to the ward without
ED access. The generalizability of our results may also be limited
because hospitalization rates can differ among hospitals/countries
due to heterogeneity in the level of assistance guaranteed in various
settings.

In conclusion, respiratory complications represent the most
common reasons for ED referral and hospitalization of adult patients
affected by muscle disorders and are among the leading causes of
prolonged LOH and mortality. The information provided could be
useful to clinicians and healthcare providers in adopting measures
for appropriate care of these patients in the ED. Avoidance of long
waiting times in the ED, prompt identification and treatment of in-
fectious episodes, and referral to outpatient clinical care settings
when possible are all interventions with the potential to improve
outcomes in this population.

AUTHOR CONTRIBUTIONS

Marcello Covino: Conceptualization; formal analysis; writ-
ing - original draft; methodology; supervision. Mauro Monforte:
Conceptualization; formal analysis; writing - original draft; project
administration; methodology. Eleonora Torchia: Data curation; formal
analysis; writing - original draft. Sara Bortolani: Data curation; writ-
ing - review and editing; investigation. Beatrice Ravera: Data cura-
tion; investigation; writing - review and editing. Enzo Ricci: Writing
- review and editing; investigation. Gabriella Silvestri: Writing - re-
view and editing; investigation. Serenella Servidei: Writing - review

and editing; investigation. Guido Primiano: Data curation; writing

- review and editing. Massimiliano Mirabella: Writing - review and
editing; investigation. Mario Sabatelli: Writing - review and editing;
investigation. Eugenio Mercuri: Writing - review and editing; inves-
tigation. Francesco Franceschi: Writing - review and editing; inves-
tigation. Paolo Calabresi: Writing - review and editing; investigation.
Giorgio Tasca: Conceptualization; formal analysis; writing - original

draft; methodology; supervision.

ACKNOWLEDGMENTS

For the purpose of open access, the author has applied a Creative
Commons Attribution (CC BY) licence to any author accepted
manuscript version arising from this submission. Open access
funding provided by BIBLIOSAN.

FUNDING INFORMATION
No funding was received for conducting this study.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare that are relevant

to the content of this article.

DATA AVAILABILITY STATEMENT
The datasets generated during and/or analyzed during the present
study are available in anonymized form from the corresponding

author on reasonable request.

ORCID
Mauro Monforte "= https://orcid.org/0000-0002-4327-6969
https://orcid.org/0000-0002-6472-0563

https://orcid.org/0000-0002-6709-2531

Sara Bortolani

Marcello Covino

REFERENCES

1. Mercuri E, Muntoni F. Muscular dystrophies. Lancet.
2013;381(9869):845-860. doi:10.1016/S0140-6736(12)61897-2

2. Dalakas MC. Chapter 18 - Autoimmune inflammatory myopathies.
In: Younger DS, ed. Handbook of Clinical Neurology. Motor System
Disorders, Part I: Normal Physiology and Function and Neuromuscular
Disorders. Vol 195. Elsevier; 2023:425-460. doi:10.1016/
B978-0-323-98818-6.00023-6

3. Lee BH. The dystrophinopathies. Continuum (Minneap Minn).
2022;28(6):1678. doi:10.1212/CON.0000000000001208

4. Trybuch A, Tarnacka B. Cardiac involvement in polymyosi-
tis and dermatomyositis: diagnostic approaches. Reumatologia.
2023;61(3):202-212. doi:10.5114/reum/168362

5. Tarnopolsky MA. Metabolic myopathies. Continuum (Minneap Minn).
2022;28(6):1752-1777. d0i:10.1212/CON.0000000000001182

6. Monforte M, Primiano G, Silvestri G, et al. Sporadic late-onset
nemaline myopathy: clinical, pathology and imaging findings in a
single center cohort. J Neurol. 2018;265(3):542-551. doi:10.1007/
s00415-018-8741-y

7. Siciliano G, Tessa A, Renna M, Manca ML, Mancuso M, Murri L.
Epidemiology of dystrophinopathies in north-West Tuscany: a mo-
lecular genetics-based revisitation. Clin Genet. 1999;56(1):51-58.
doi:10.1034/j.1399-0004.1999.560107.x

8. Crisafulli S, Sultana J, Fontana A, Salvo F, Messina S, Trifiro G.
Global epidemiology of Duchenne muscular dystrophy: an up-
dated systematic review and meta-analysis. Orphanet J Rare Dis.
2020;15(1):141. doi:10.1186/s13023-020-01430-8



80f8 |

MONFORTE ET AL.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Siciliano G, Manca M, Gennarelli M, et al. Epidemiology of myotonic
dystrophy in Italy: re-apprisal after genetic diagnosis. Clin Genet.
2001;59(5):344-349. doi:10.1034/j.1399-0004.2001.590508.x
Vanacore N, Rastelli E, Antonini G, et al. An age-standardized prev-
alence estimate and a sex and age distribution of myotonic dystro-
phy types 1 and 2 in the Rome Province, Italy. Neuroepidemiology.
2016;46(3):191-197. doi:10.1159/000444018

Scionti I, Greco F, Ricci G, et al. Large-scale population analy-
sis challenges the current criteria for the molecular diagnosis
of Fascioscapulohumeral muscular dystrophy. Am J Hum Genet.
2012;90(4):628-635. doi:10.1016/j.ajhg.2012.02.019

Graziano A, Bianco F, D'Amico A, et al. Prevalence of congen-
ital muscular dystrophy in Italy: a population study. Neurology.
2015;84(9):904-911. doi:10.1212/WNL.0000000000001303
Mahmood OA, Jiang XM. Limb-girdle muscular dystrophies: where
next after six decades from the first proposal (review). Mol Med Rep.
2014;9(5):1515-1532. doi:10.3892/mmr.2014.2048

Meyer A, Meyer N, Schaeffer M, Gottenberg JE, Geny B, Sibilia
J. Incidence and prevalence of inflammatory myopathies: a sys-
tematic review. Rheumatology. 2015;54(1):50-63. doi:10.1093/
rheumatology/keu289

Gorman GS, Schaefer AM, Ng Y, et al. Prevalence of nuclear and mi-
tochondrial DNA mutations related to adult mitochondrial disease.
Ann Neurol. 2015;77(5):753-759. doi:10.1002/ana.24362

Hamel JI. Myotonic dystrophy. Continuum (Minneap Minn).
2022;28(6):1715. doi:10.1212/CON.0000000000001184
Birnkrant DJ, Bushby K, Bann CM, et al. Diagnosis and management
of Duchenne muscular dystrophy, part 3: primary care, emergency
management, psychosocial care, and transitions of care across
the lifespan. Lancet Neurol. 2018;17(5):445-455. doi:10.1016/
S$1474-4422(18)30026-7

Carannante N, Annunziata A, Coppola A, et al. Diagnosis and treat-
ment of pneumonia,acommon cause of respiratory failurein patients
with neuromuscular disorders. Acta Myol. 2021;40(3):124-131.
Middelink M, Voermans NC, van Engelen BGM, et al. Indications for
tube feeding in adults with muscular disorders: a scoping review. J
Neuromuscul Dis. 2023;10(5):777-785. doi:10.3233/JND-230014
Finsterer J, Frank M. Gastrointestinal manifestations of mitochon-
drial disorders: a systematic review. Therap Adv Gastroenterol.
2017;10(1):142-154. doi:10.1177/1756283X16666806

Bianco F, Lattanzio G, Lorenzini L, et al. Enteric neuromyopathies:
highlights on genetic mechanisms underlying chronic intestinal
pseudo-obstruction. Biomolecules. 2022;12(12):1849. doi:10.3390/
biom12121849

Primiano G, Plantone D, Forte F, et al. Acute refractory intestinal
pseudo-obstruction in MELAS: efficacy of prucalopride. Neurology.
2014;82(21):1932-1934. doi:10.1212/WNL.0000000000000458
Oldroyd AGS, Lilleker JB, Amin T, et al. British Society for
Rheumatology guideline on management of paediatric, adoles-
cent and adult patients with idiopathic inflammatory myopathy.
Rheumatology. 2022;61(5):1760-1768. doi:10.1093/rheumatology/
keac115

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Mavrogeni Sl, Markousis-Mavrogenis G, Papavasiliou A,
Papadopoulos G, Kolovou G. Cardiac involvement in Duchenne
muscular dystrophy and related Dystrophinopathies. Methods Mol
Biol. 2018;1687:31-42. doi:10.1007/978-1-4939-7374-3_3

Buddhe S, Cripe L, Friedland-Little J, et al. Cardiac management
of the patient with Duchenne muscular dystrophy. Pediatrics.
2018;142(Supplement_2):572-581. doi:10.1542/peds.2018-0333I
Johnson NE, Abbott D, Cannon-Albright LA. Relative risks for
comorbidities associated with myotonic dystrophy: a population-
based analysis. Muscle Nerve. 2015;52(4):659-661. doi:10.1002/
mus.24766

Ducharme-Smith A, Nicolau S, Chahal CAA, et al. Cardiac involve-
ment in facioscapulohumeral muscular dystrophy (FSHD). Front
Neurol. 2021;12:668180. doi:10.3389/fneur.2021.668180

Galetta F, Franzoni F, Sposito R, et al. Subclinical cardiac involve-
ment in patients with facioscapulohumeral muscular dystro-
phy. Neuromuscul Disord. 2005;15(6):403-408. doi:10.1016/j.
nmd.2005.02.006

Trevisan CP, Pastorello E, Armani M, et al. Facioscapulohumeral
muscular dystrophy and occurrence of heart arrhythmia. Eur Neurol.
2006;56(1):1-5. doi:10.1159/000094248

Laforét P, de Toma C, Eymard B, et al. Cardiac involvement in ge-
netically confirmed facioscapulohumeral muscular dystrophy.
Neurology. 1998;51(5):1454-1456. doi:10.1212/wnl.51.5.1454
Bhadauria D, Agarwal N. Uremic myopathy. CQN. 2012;1(4):279-
283. doi:10.1016/j.cqn.2012.09.002

Campistol JM. Uremic myopathy. Kidney Int. 2002;62(5):1901-1913.
doi:10.1046/j.1523-1755.2002.00614.x

Abrams GA, Concato J, Fallon MB. Muscle cramps in patients with
cirrhosis. Am J Gastroenterol. 1996;91(7):1363-1366.

Rodolico C, Bonanno C, Pugliese A, Nicocia G, Benvenga S,
Toscano A. Endocrine myopathies: clinical and histopathologi-
cal features of the major forms. Acta Myol. 2020;39(3):130-135.
doi:10.36185/2532-1900-017

Shah DN, Chorya HP, Ramesh NN, et al. Myopathies of endocrine
origin: areview for physicians. Dis Mon. 2023;101628. doi:10.1016/j.
disamonth.2023.101628

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Monforte M, Torchia E, Bortolani S,
et al. Hospital admissions from the emergency department
of adult patients affected by myopathies. Eur J Neurol.
2024;31:e16214. doi:10.1111/ene.16214




