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Introduction
Neuromuscular disorders (NMDs) are a heterogeneous 

group of diseases affecting the function of motor neurons, 
peripheral nerve, neuromuscular junction, or skeletal mus-
cles. When muscle weakness involves respiratory, bulbar 
and/or cardiac muscles, NMD may lead to respiratory, swal-
lowing and/or cardiac complications 1-12. Acute hospitaliza-
tion may be required to support patients with NMDs, who 
can experience a range of common affections or conditions 
(e.g., respiratory infections, heart failure, urgent surgical 
procedures, bone fractures, labour and delivery)  2,4,5,7,13-18. 

As these patients may need specific treatments, such as 
non-invasive ventilation (NIV), assisted cough 4,5,7,12,14-16,19-

30, and dedicated extubation strategies 31,32, they should be 
ideally managed in specialized hospitals that have the ap-
propriate technical tools and human resources 33,34. Never-
theless, if urgent treatments are required, patients should 

be managed at the closest hospital site, which may not be 
one of the specialized centres for NMD 34. Since NMDs are 
rare diseases and are an uncommon cause of emergency 
department and ICU admissions 33, local emergency phy-
sicians and intensivists may not have the adequate experi-
ence to manage these patients 5,34. 

Although NMDs are a group of conditions that may 
differ in terms of disease onset, progression, severity and 
involvement of other systems, many recommendations 
can apply to the vast majority of NMDs. In particular, 
they all may require a similar management in case of 
acute respiratory, cardiac and swallowing complications 
and may require a similar perioperative management.

The introduction of an emergency card (EC) for pa-
tients with NMDs has been identified as a possible solu-
tion to improve local acute care  5,34,35. The EC is intended 
as a pocket guide for Emergency Department physicians, 
to provide an overview of key issues related to the emer-

Fondazione Policlinico Universitario A. Gemelli IRCCS, Università Cattolica del Sacro Cuore, Rome, Italy; 19 Department of 
Clinical and Experimental Medicine Neurological Institute, University of Pisa, Pisa, Italy; 20 Department of Orthopaedics and 
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Acute hospitalisation may be required to support patients with Neuromuscular disorders (NMDs) mainly experiencing respiratory 
complications, swallowing difficulties, heart failure, urgent surgical procedures. As NMDs may need specific treatments, they should 
be ideally managed in specialized hospitals. Nevertheless, if urgent treatment is required, patients with NMD should be managed 
at the closest hospital site, which may not be a specialized centre where local emergency physicians have the adequate experience 
to manage these patients. Although NMDs are a group of conditions that can differ in terms of disease onset, progression, severity 
and involvement of other systems, many recommendations are transversal and apply to the most frequent NMDs. Emergency Cards 
(EC), which report the most common recommendations on respiratory and cardiac issues and provide indications for drugs/treat-
ments to be used with caution, are actively used in some countries by patients with NMDs. In Italy, there is no consensus on the use 
of any EC, and a minority of patients adopt it regularly in case of emergency. In April 2022, 50 participants from different centres 
in Italy met in Milan, Italy, to agree on a minimum set of recommendations for urgent care management which can be extended to 
the vast majority of NMDs. The aim of the workshop was to agree on the most relevant information and recommendations regarding 
the main topics related to emergency care of patients with NMD in order to produce specific ECs for the 13 most frequent NMDs.
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gency management of patients with NMDs  34. Patients 
should take it with them when they seek acute care. While 
EC are already actively used in some countries by pa-
tients with NMDs there is no consensus and wide use in 
Italy for any of the most common diseases. 

To fill this gap, 50 participants from 39 Italian tertia-
ry centres met in Milan, Italy, to agree on a minimum set 
of recommendations for urgent care management which 
can be extended to the vast majority of NMDs. The aim 
of the workshop was to agree on the most relevant infor-
mations and recommendations regarding the main topics 
related to urgent care of the vast majority of NMDs in 
order to produce an EC for the 13 most frequent NMDs. 

An informal consensus technique was used that in-
volved group discussions moderated by senior chairper-
sons. Any information or suggestion of care and man-
agement was presented and voted by the panel of experts 
during a plenary roundtable and two web-based surveys.

Methods
In January 2020, the UILDM (Italian Muscular 

Dystrophy Association) Medical Scientific Committee 
(UILDM-MSC) discussed on the current emergency care 
issues for patients with NMDs. It became immediately 
clear that the wide variation of medical care received by 
NMDs patients in the emergency setting likely increases 
the variability of clinical outcomes. Thus, the UILDM-
MSC nominated an eight-member Core Committee (CC) 
with the aim of organizing a Consensus Conference that 
formulates the EC for the most frequent NMDs. The CC 
consisted of six physicians (4 neurologists, 1 pulmonol-
ogist, 1 anesthesiologist/intensivist), one physiotherapist 

and one patient representative from UILDM. This CC 
appointed two chairmen (FRac and ClB). All committee 
members participated on a voluntary basis, with no com-
pensation. During the planning stages of Consensus Con-
ference, the co-Chairs frequently communicated with the 
CC. It was decided to focus on the emergency manage-
ment of the following NMDs: Spinal muscular atrophy 
type 1, type 2 and type 3, Charcot-Marie-Tooth disease, 
Duchenne Muscular dystrophy, Becker Muscular dystro-
phy, Myotonic dystrophy type 1, Limb girdle muscular 
dystrophy, Facioscapulohumeral muscular dystrophy, 
Congenital muscular dystrophy, Congenital myopathies, 
Mitochondrial myopathies, Glycogen storage myopa-
thies. The CC selected seven main domains which are 
typically associated with clinical problems and require 
urgent care: i) acute respiratory failure; ii) chocking due 
to swallowing difficulties; iii); cardiac complications; iv) 
anaesthetic precautions and perioperative management; 
v) falls and fractures; vi) acute constipation due to bowel 
dysfunction; vii) other issues. 

The format of EC was drafted to provide a readily 
accessible compilation of main topics related to the emer-
gency care of these patients (Tab. I).

The most relevant literature in the field was identified 
by querying PubMed (www.pubmed.gov) from January 
1991 to December 2021, including only human studies. 
We used the search terms “neuromuscular diseases”, 
“spinal muscular atrophy”, “Charcot-Marie-Tooth dis-
ease”, “myopathy”, “muscular dystrophy”, cross-refer-
enced with the term “respiratory complications”, “cardiac 
complications”, “swallowing difficulties”, “anesthesia” 
and “fractures”. We identified 352 out of 10.000 articles 
as relevant to the document.

Table I. Standard format chosen for the compilation of the emergency card.
EMERGENCY CARD for patients with ____________________

Name__________________________________________________________
Date of birth ____________________ Fiscal Code ____________________
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: _______ 

as soon as possible on: __________________________________

Main topics
Most relevant informations and recommendations related to the emer-
gency care

Acute respiratory insufficiency Key issues and management
Chocking due to swallowing difficulties Key issues and management
Acute cardiac
Complications Key issues and management
Anaesthetic precautions
And perioperative management Key issues and management
Falls and fractures Key issues and management
Acute constipation due to bowel 
dysfunction Key issues and management
Other issues Key issues and management

http://www.pubmed.gov
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The CC decided to focus on a minimum set of com-
mon recommendations for different NMDs and drafted 
consensus statements on each area of care based on the 
literature results and personal experience. The effort was 
to select the most important consensus-based recommen-
dations acceptable to the panel and amenable to applica-
tion by physicians not specialized in NMDs in the Emer-
gency Departments.

The Co-Chairs and CC worked together to establish 
an Italian consensus working group (CWG), sharing the 
responsibility for nominating and approving participants. 
The panel selection was based on a) clinical and scientific 
experience in NMDs; b) involvement in acute care man-
agement of NMDs patients; c) the need to have different 
health-care professionals who could provide knowledge 
and experience in the different domains described above; 
d) geographic diversity; and e) ability to commit time 
to the CC process. Ultimately, the panel consisted of 49 
clinically-active physicians, involved in acute manage-
ment of paediatric and adult neuromuscular patients (24 
neurologists, 5 pulmonologists, 7 anesthesiologists and 
intensivists, 3 emergency medicine specialists, 3 pedi-
atricians, 3 orthopedics, 2 cardiologists, 1 physiatrist, 1 
physiotherapist) and one patient representative. The pan-
elists came from different Regions of Italy. Representa-
tives from the medical groups such as the Italian Muscle 
Association (AIM, Associazione Italiana Miologia), the 
Italian Pulmonology Association (AIPO, Associazione 
Italiana Pneumologi Ospedalieri), the Italian Pediatric 
Respiratory Association (SIMRI, Società Italiana Medici-
na Respiratoria Infantile), the Italian Neonatal and Pedi-
atric Reanimation Society (SARNePI, Società di Aneste-
sia e Rianimazione Neonatale e Pediatrica Italiana), the 
Italian Emergency Care Society (SIMEU, Società Italiana 
della medicina di emergenza-urgenza), the Italian Pediat-
ric Emergency Care Society (SIMEUP, Società Italiana 
di Medicina di Emergenza e Urgenza Pediatrica) actively 
partecipate to the CC.

Starting three months before the meeting, the con-
sensus working group (CWG) completed a web-based 
survey. A set of 45 close-ended questions was construct-
ed for each of the seven main topics. Panellists were en-
couraged to limit their responses to the respective areas of 
expertise. In case of disagreement with the statement pro-
posed by the application, they were encouraged to give 
feedback in order to clarify the reasons for their dissent. 
Consensus was reached with a percentage of votes in fa-
vour greater than 85%. Points for which consensus was 
not reached were reviewed by the leadership team based 
on feedback from the panel. All responses were summa-
rized and presented by the Co-Chairs to panel members 
during the in-person Consensus Conference meeting. The 
meeting took place on 13th April 2022 in Milan. The en-

tire group discussed all recommendations and voted for 
the revised version, using the same 85% criterion. The 
Co-Chairs ensured that every one of the working group 
had the opportunity to present and debate their views and 
ensured that discussions were open and constructive. 

At the end of the meeting, the Co-Chairs revised the 
recommendations for which consensus was not reached 
and sent a second web-based survey to obtain an addi-
tional round of votes to reach consensus on the revised 
statements. All the activities were completed between 
December 2020 and May 2022.

Results
Consensus, that was reached on keys issues and man-

agement of acute respiratory failure, chocking, cardiac 
complications, anaesthesia, fractures and acute consti-
pation is summarized in four tables (Tabs. II-V) and 37 
statements (Tab. VI). Subsequently, the CWG defined 13 
ECs, one for each disease, all sharing the same structure 
but with disease-related specifities. These cards are pre-
sented as on-line support information.

The general considerations for the most frequent 
clinical conditions potentially requiring urgent care and 
the recommendations and management strategies are out-
lined in the following paragraphs.

Key issues and management of acute respiratory failure

The probability of occurrence of respiratory compli-
cations is different in NMDs depending on the disease 
and age (Tab.  II)  14,16,36-38 and may be the main cause of 
death 13,36,39,40. The weakness of inspiratory muscles affects 
the ability to ventilate and leads to alveolar hypoventila-
tion and hypercapnia. In addition, the involvement of ex-
piratory muscles impairs the ability to clear airway secre-
tions, inducing mucus plugging and hypoxemia 14,38,39,41. 
The presence of severe scoliosis, which develops mainly 
in patients with NMDs, who lose independent ambulation 
before adulthood, further increases the risk of respiratory 
complications 14,42-44. 

The use of Non Invasive Ventilation (NIV) associated 
with cough assist device, reduces the risk of alveolar hy-
poventilation and airway secretion retention, decreasing 
the number of hospital admissions, intubation, and tra-
cheostomy  14,19-29,45,46. Acute intercurrent events can lead 
to respiratory exacerbation and acute respiratory failure 
(RF) 14,41. Respiratory tract infections are the most com-
mon cause of hospitalization for patients with NMDs , 
triggering over 90% of episodes of acute RF 40. In case 
of airway infections, the weakness of the expiratory mus-
cles, especially when associated with weakness of the 
inspiratory muscles, causes cough deficit with accumula-
tion of bronchial secretions and increased work of breath-
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ing  13,14,41. The use of NIV associated with cough assist 
device (Mechanical Insufflation-Exsufflation, MI-E). 
and the early use of antibiotics are the standard of care 
in the event of airway infection both at home  28,29,42,46,47 
and in hospitals 13,21,48-50. In addition, oxygen should never 
be used unless associated with NIV and CO2 monitor-
ing 13,28,29,36. 

In case of hospitalization, chest x-ray should be 
performed as soon as possible to assess the presence 
of pneumonia or atelectasis. Furthermore, if there is no 
clear infectious cause, non-infectious causes of acute RF 
(pneumothorax, pulmonary thromboembolism, adipose 
embolism) should be excluded  13,36,51. In patients with 
myopathy complicated by cardiomyopathy, an echocar-

Table II. Respiratory complications in neuromuscular disorders.
Disorder Respiratory complications
SMA type 1 Always present (early onset; frequent exacerbation)
SMA type 2 Frequent (progressive)
SMA type 3 Occasional (progressive)
CMT Occasional in some subtypes (progressive)
DMD Always present in adulthood (progressive; frequent exacerbation)
BMD Occasional (progressive)
DM1 Frequent (progressive; central sleep apnea is also reported)
LGMD Frequent in some subtypes (LGMD1, LGMD2C/D/E/F) 
FSHD Occasional (progressive)
CMD Frequent in some subtypes (Ullrich’s CMD, LAMA 2 deficient CMD) 
CM Frequent in some subtypes (nemaline, myofibrillary and centro-nuclear CM)
Mitochondrial 
(encephalo) 
myopathies

Frequent (progressive, infantile onset and late onset; abnormalities of respiratory drive due 
to dysfunction of the respiratory centers are very frequently reported in pediatric cases)

Glycogen storage 
myopathies Frequent in Pompe disease (infantile onset and late onset)

Occasional: < 10%; frequent: 10-50%; very frequent: > 50%; always present: 100%. DMD: Duchenne Muscular dystrophy; BMD: 
Becker Muscular dystrophy; DM1: Myotonic dystrophy type 1; LGMD: Limb girdle muscular dystrophy; FSHD: Facioscapulohumeral 
muscular dystrophy; CMD: Congenital muscular dystrophy; CM: Congenital myopathies; SMA: Spinal muscular atrophy; CMT: Char-
cot-Marie-Tooth disease

Table III. Swallowing difficulties in neuromuscular disorders.
Disorder Swallowing difficulties 
SMA type 1 Always present 
SMA type 2 Very frequent 
SMA type 3 Occasional
CMT Occasional
DMD Always present in the late stages of the disease
BMD Occasional
DM1 Very frequent
LGMD Occasional in some subtypes 
FSHD Occasional
CMD Frequent in some subtypes
CM Frequent in some subtypes
Mitochondrial 
(encephalo) 
myopathies Frequent (more often due to central involvement than primary muscular impairment)
Glycogen storage 
myopathies Frequent in Infantile onset Pompe Disease/rare in late onset Pompe Disease 

Occasional: < 10%; frequent: 10-50%; very frequent: > 50%; always present: 100%. DMD: Duchenne Muscular dystrophy; BMD: 
Becker Muscular dystrophy; DM1: Myotonic dystrophy type 1; LGMD: Limb girdle muscular dystrophy; FSHD: Facioscapulohumeral 
muscular dystrophy; CMD: Congenital muscular dystrophy; CM: Congenital myopathies; SMA: Spinal muscular atrophy; CMT: Char-
cot-Marie-Tooth disease
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diogram should also be performed in order to rule out the 
possibility of cardiogenic pulmonary oedema 13,36. If the 
chest x-ray does not justify the clinical picture of acute 
RF, a chest CT scan must be required to exclude an ante-
rior pneumothorax, not visible by the chest x-ray 13,36, 51. If 
even chest CT scan does not show any cause for acute RF, 

it is useful to deepen the examination by administering 
contrast medium to exclude a pulmonary thromboembo-
lism 13,36. 

If non-invasive treatment (NIV and coughing assis-
tance) fail, tracheal intubation must not be delayed 13,36,48. 
In this case, difficulty in performing tracheal intubation 

Table IV. Cardiac complications in neuromuscular disorders.

Cardiomyopathy Arrhythmias Conduction defects 
Structural cardiac 

abnormalities

SMA type 1 Very rare (only one case 
reported) Not reported Not reported Occasional

SMA type 2/3 Occasional Occasional Not reported Occasional
CMT Not reported Not reported Not reported Not reported

DMD/ BMD Very frequent (dilated 
cardiomyopathy) Very frequent Occasional Occasional

DM1 (adult onset) Occasional Very frequent Very frequent Not reported

LGMD 
Very frequent in some 
subtypes (LGMD1B and 
LGMD2C/D/E/I)

Occasional 
but very frequent 
in LGMD1B and 

frequent in LGMD2E 

Occasional 
but very frequent in 

LGMD1B
Not reported

FSHD Occasional Occasional Occasional Not reported

CMD
Frequent in Fukuyama 
CMD; Occasional in other 
subtypes

Occasional Occasional Not reported

CM Occasional Occasional (Long 
QT) Occasional Not reported

Mitochondrial 
(encephalo) 
myopathies 

Very frequent Frequent  Frequent Occasional

Glycogen storage 
myopathies

Very frequent in some 
subtypes 
(type II, III, IV, VII and IX)

Very frequent Frequent Not reported

Occasional: < 10%; frequent: 10-50%; very frequent: > 50%; always present: 100%. DMD: Duchenne Muscular dystrophy; BMD: 
Becker Muscular dystrophy; DM1: Myotonic dystrophy type 1; LGMD: Limb girdle muscular dystrophy; FSHD: Facioscapulohumeral 
muscular dystrophy; CMD: Congenital muscular dystrophy; CM: Congenital myopathies; SMA: Spinal muscular atrophy; CMT: Char-
cot-Marie-Tooth disease

Table V. Use of succinylcholine and inhaled anaesthetics in patients with NMDs.
Use of succinylcholine Use of halogenated agents

DMD/BMD Must be avoided Must be avoided
DM1 Must be avoided Must be avoided
LGMD Must be avoided Must be avoided
FSHD Must be avoided Must be avoided
CMD Must be avoided Must be avoided
CM Must be avoided Must be avoided
Mitochondrial (encephalo) myopathies Must be avoided May be used
Glycogen Storage myopathies Must be avoided Must be avoided
SMA Must be avoided May be used 
CMT Must be avoided May be used 

DDMD: Duchenne Muscular dystrophy; BMD: Becker Muscular dystrophy; DM1: Myotonic dystrophy type 1; LGMD: Limb girdle 
muscular dystrophy; FSHD: Facioscapulohumeral muscular dystrophy; CMD: Congenital muscular dystrophy; CM: Congenital myo-
pathies; SMA: Spinal muscular atrophy; CMT: Charcot-Marie-Tooth disease
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Table VI. Consensus summary of the 37 most relevant recommendations related to the urgent care of patients with 
NMDs
Section 1. ACUTE RESPIRATORY INSUFFICIENCY
1.1 Respiratory muscle weakness can impair the pump function of the respiratory system, upper airway muscle 
tone and secretion clearance efficiency. The respiratory consequences are retention of secretions, upper airway 
obstruction, nocturnal and finally daytime hypoventilation
1.2 Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure 
and require early management.  Low threshold for empiric antibiotic therapy is recommended for chest infections 
1.3 If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax, 
adipose embolism or atelectasis). Cardiogenic pulmonary oedema should be ruled out in case of patients with 
myopathy
1.4 Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 
<95% in room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult 
to interpret, especially in the presence of scoliosis. In this case, chest CT scan may be useful in order to rule out 
pneumothorax, pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to 
deepen the examination by administering contrast medium to exclude a pulmonary thromboembolism
1.5 NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined 
with compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use 
the patient’s home equipment when available
1.6 O2 must never be used except in association with NIV. If supplementary oxygen is required, titrate oxygen therapy 
to achieve a SpO2 94-98%, and monitor CO2
1.7 In the case of an acute, reversible event, intubation and invasive ventilation are indicated when NIV fails, unless 
prior directives are known to state  otherwise. When indicated, tracheal intubation must not be delayed.  It should be 
noted that in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle 
and/or other masticatory muscles, macroglossia, narrow and high-arch hard palate or limited mobility of the cervical 
spine
1.8 Upon recovery from acute illness, these patients should be promptly extubated by switching to NIV in combination 
with MI-E 
1.9 Tracheotomy can be considered, in particular in patients with severe bulbar dysfunction. However, in acute 
phases it should only be considered in case of multiple weaning protocol failures including preventive application of 
NIV combined with MI-E after extubation
Section 2. CHOCKING DUE TO SWALLOWING DIFFICULTIES: 
2.1 Signs and symptoms of swallowing difficulties such as a meal time longer than 30 minutes, recurrent chest 
infections, unintentional weight loss, and choking when eating or drinking should be considered 
2.2 Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  
In addition, it may impede successful use of NIV
2.3 In case of choking, use MI-E or manual assisted coughing; if it is ineffective, consider emergent tracheal intubation
Section 3. CARDIAC COMPLICATIONS: 
3.1 Cardiac dysfunction (i.e., cardiomyopathies or abnormalities of the conduction system and arrhythmias) may be 
present in these patients,in particular in patients with myopathies. However, the clinical manifestations of heart failure 
are often  not recognized until very late,  due to skeletal muscle limitations 
3.2 As cardiomyopathy is progressive, consider worsening cardiomyopathy and rule out congestive heart failure, 
atrio-ventricular blocks and arrhythmias
3.3  Request patient’s baseline test results, including echocardiogram and electrocardiogram
3.4 Obtain a brief history with particular attention  to underlying cardiac status, including medication use
3.5 Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2
3.6 Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest x-ray and/or chest 
ultrasound may be useful if pulmonary oedema is suspected.
3.7 Obtain an echocardiogram and prompty  consult a cardiologist.
3.8 As in patients with myopathies, the blood cardiac Tropo nin T (cTnT) levels may be chronically high, while the 
blood cardiac Troponin I (cTnI) level are more rarely elevated, in the case of suspected myocarditis or myocardial 
ischemia, it is recommended to measure cTnI

u
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is frequently reported  30,52,53. This may be due to sever-
al factors such as jaw ankylosis, atrophy of the masseter 
muscle and/or other masticatory muscles, macroglossia, 
narrow and high-arch hard palate or limited mobility of 
the cervical spine 52,53. 

In addition, it is important to verify whether an in-
vasive cure plan has been shared before with the referral 
medical team and the patient had previously approved 
invasive manoeuvres such as tracheostomy, also in the 
context of expressed end-of-life decisions depending of 

Table VI. continues
Section 4. ANAESTHETIC PRECAUTIONS AND PERIOPERATIVE MANAGEMENT: 
4.1 Ideally, surgery should occur in a specialist centre with staff experienced in managing these  patients. Otherwise, 
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management
4.2 Obtain a pre-operative evaluation that include lung function tests and cough assessment; if respiratory muscle 
weakness is present (i.e.  FVC less than 50% the predicted value, or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure, whenever possible 
4.3 Patients and in particular patients with myopathies should also undergo careful assessment of heart function  
and optimization of cardiac therapies in the pre-operative period. An electrocardiogram and echocardiogram  are 
mandatory before anaesthesia
4.4 In many patients with NMDs the use of succinylcholine and inhaled anaesthetics must be avoided to prevent 
rhabdomyolysis (see table 5)
4.5 Patients with NMDs may experience increased sensitivity to sedatives, inhaled anaesthetics and muscle relaxants; 
thus, the depth of anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate 
dose of those drugs. In addition, the effect of muscle relaxants should be completely reversed at the end of surgery 
(i.e., rocuronium should be used and must be reversed by sugammadex)
4.6 Tracheal intubation may be difficult in patients with NMDs and a frequent use of fiberoptic-assisted endotracheal 
intubation is reported
4.7 The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia 
side-effects and reduction of postoperative respiratory complications
4.8 Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep 
apnoea.
4.9 Admission to an Intensive Care Unit (ICU) should be considered in patient at risk for respiratory or cardiac 
complications
4.10 Patients with decreased respiratory muscle strength require close monitoring and aggressive post-operative 
respiratory management including early extubation and switching to NIV with aggressive use of MI-E. O2 must never 
be used, except in  association with NIV
Section 5. FALLS AND FRACTURES: 
5.1. Due to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the 
other hand, osteoporosis increases the risk of fractures
5.2 In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it 
allows for early walking recovery while preserving muscle function
5.3 In non-ambulatory adult patients, conservative management may be considered  for non-displaced sub capital 
femoral neck fractures. Conversely, internal fixation is required in diaphyseal or trochanteric femoral fractures.
5.4 The treatment of femoral fractures in paediatric patients is strictly related to the child’s age, site of the fracture, 
and disability related to muscle weakness. Conservative treatment may be considered in patients younger 5-6 years, 
with non-displaced
fractures, and when a short period of immobilization is expected. In other cases, surgical fixation using minimally 
invasive techniques (e.g., percutaneous fixation by Kirshner wires and plaster casts, Flexible Intramedullary Nailing 
or light external fixators) is preferred
Section 6. ACUTE CONSTIPATION DUE TO BOWEL DYSFUNCTION: 
6.1 Patients with NMDs and especially older patients can experience constipation due to abnormal gastrointestinal 
motility
6.2 Gastric and/or abdominal distention can cause acute respiratory failure in patients at high risk of respiratory 
complications. In these cases, gastrointestinal decompression by nasogastric tube and/or rectal tube is often an 
effective therapy
Section 7. OTHER ISSUES
7.1 Blood transaminases and creatine kinase levels may be increased in patients with myopathies. If other hepatic 
function tests (e.g., bilirubin and  gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy liver 
disease and may be due to muscle involvement
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time of progression of the NMDs. A consultation with the 
referring team may be sometimes essential. If there are 
not informations regarding a previously approved inva-
sive cure plan by the patient, it is important to verify if the 
patient is able to do it during the acute setting.

This should be done prior to proceeding with invasive 
manoeuvres. If the patient is unable to express end-of-life 
decisions due to age, severe clinical conditions or inabili-
ty to communicate for other reasons (e.g., anarthria, cog-
nitive impairment), it is good clinical practice to discuss 
about the patient choices with caregivers or close family 
members.

In the acute phase, tracheostomy should be con-
sidered only after failure of multiple attempts at proper 
weaning, that includes preventive application of NIV 
combined with MI-E immediately after extubation 31,32.

Based on these considerations, the section on respirato-
ry involvement in the EC includes the following statements.

1.1 Respiratory muscle weakness can impair the 
pump function of the respiratory system, upper airway 
muscle tone and secretion clearance efficiency. The re-
spiratory consequences are retention of secretions, upper 
airway obstruction, nocturnal and finally daytime hy-
poventilation.

1.2 Respiratory infections (i.e., tracheobronchitis or 
pneumonia) are the most frequent cause of acute RF and 
require early management. Low threshold for empiric an-
tibiotic therapy is recommended for chest infections.

1.3 If no infectious cause of acute RF is evident, con-
sider non-infectious causes (e.g., pneumothorax, adipose 
embolism or atelectasis). Cardiogenic pulmonary oede-
ma should be ruled out in case of patients with myopathy.

1.4 Collect respiratory symptoms and monitor SpO2 
levels via pulse oximetry; even mild hypoxaemia (e.g., 
SpO2 < 95% in room air) is a concern and requires a 
chest x-ray and a blood gas analysis test. Chest x-ray may 
be difficult to interpret, especially in the presence of scoli-
osis. In this case, chest CT scan may be useful in order to 
rule out pneumothorax, pneumonia or atelectasis. If even 
chest CT scan does not show any cause for acute RF, it is 
useful to deepen the examination by administering con-
trast medium to exclude a pulmonary thromboembolism.

1.5 NIV is often required. In addition, assisted cough-
ing (i.e., breath-stacking techniques with an AMBU bag 
combined with compression of the chest wall or abdomen) 
or cough assist device (MI-E) help to clear airways secre-
tions. Use the patient’s home equipment when available.

1.6 O2 must never be used except in association with 
NIV. If supplementary oxygen is required, titrate oxygen 
therapy to achieve a SpO2 94-98%, and monitor CO2.

1.7 In the case of an acute, reversible event, intu-
bation and invasive ventilation are indicated when NIV 
fails, unless prior directives are known to state otherwise. 

When indicated, tracheal intubation must not be delayed. 
It should be noted that in these patients tracheal intuba-
tion may be difficult due to jaw ankylosis, atrophy of the 
masseter muscle and/or other masticatory muscles, mac-
roglossia, narrow and high-arch hard palate or limited 
mobility of the cervical spine.

1.8 Upon recovery from acute illness, these patients 
should be promptly extubated by switching to NIV in com-
bination with MI-E.

1.9 Tracheotomy can be considered, in particular 
in patients with severe bulbar dysfunction. However, in 
acute phase it should only be considered in case of multi-
ple weaning protocol failures including preventive appli-
cation of NIV combined with MI-E after extubation.

Chocking due to swallowing difficulties

Inadequate strength and coordination of the bulbar 
muscles, is common in patients with NMDs and leads to 
difficulty in swallowing (dysphagia) and managing sali-
va (sialorrhea) 54,55. A meal time longer than 30 minutes, 
recurrent chest infections, unintentional weight loss, mal-
nutrition, sialorrhea and choking when eating or drinking 
are signs and symptoms potentially associated with swal-
lowing difficulties 54,56. The swallowing impairments vary 
with the natural course of the underlying NMD (Tab. III). 
Bulbar dysfunction may cause chocking, aspiration pneu-
monia and other pulmonary sequelae, such as pulmonary 
fibrosis  54,57-59. In addition, it impairs the ability to clear 
airway secretions  14. The association of a weak cough 
with dysphagia increases the risk for choking and aspira-
tion pneumonia 60. On the other hand, bulbar dysfunction 
may impede the successful use of NIV 32,48. 

In case of choking, the use of MI-E may reverse hypox-
emia 61; if hypoxemia cannot be corrected by MI-E, emergent 
tracheal intubation should be immediately considered 13. 

Based on these considerations, the section on swal-
lowing difficulties in the EC includes the following state-
ments.

2.1 Signs and symptoms of swallowing difficulties 
such as a meal time longer than 30 minutes, recurrent 
chest infections, unintentional weight loss, and choking 
when eating or drinking should be considered. 

2.2 Severe bulbar dysfunction increases the patient risk 
for aspiration and hampers the elimination of airway secre-
tions. In addition, it may impede successful use of NIV.

2.3 In case of choking, use MI-E or manual assisted 
coughing; if it is ineffective, consider emergent tracheal 
intubation.

Cardiac complications

Cardiac involvement is frequently reported in pa-
tients affected by NMDs with a growing impact on mor-
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bidity and mortality 62-66. Two major features are usually 
described: i) cardiomyopathy; and ii) conduction defects 
with arrhythmias 63,66-69. The incidence and nature of car-
diac involvement vary according to the type of NMD 
(Tab. IV).

Cardiac evaluation includes physical examination, 
electrocardiogram, transthoracic echocardiogram, Holter 
monitoring, cardiac MRI and laboratory analysis includ-
ing B-type natriuretic peptide 63,73-76. A scheduled follow 
up is usually preferred because most of these patients are 
asymptomatic due to musculoskeletal limitations 63,73,78,79. 
Symptoms of cardiac insufficiency in wheel-chair-bound 
patients may present with loss of appetite, weight reduc-
tion, gastrointestinal disorders (slow digestion, stomach 
pain, pain in the upper right side of the abdomen), palpi-
tations, dyspnoea at rest, orthopnoea, pre-syncope, syn-
cope 80. 

Appropriate cardiac treatment significantly improves 
the overall long-term outcome of NMDs  67. Standard 
heart failure treatment, such as ACE inhibitors and/or be-
ta-blockers, is currently used in patients presenting with 
dilated cardiomyopathy  70,80,81. However, beta-blockers 
should be avoided in patients with conduction system 
disorders 73,82. New drugs for heart failure improving sur-
vival in NMDs are now available 83-86.

Electrical therapy can also be useful in NMD pa-
tients: the implant of pacemakers (PMs) is indicated in 
case of bradycardia or atrioventricular blocks, whereas 
ventricular arrhythmias and/or severe congestive heart 
failure may require automatic implantable cardioverter 
defibrillator (ICD) placement  73,87. Heart transplantation 
is an effective treatment for a selected group of patients 
with NMDs and end-stage heart failure (e.g., Becker MD 
or Steinert disease)  88-91. Left ventricular–assist devic-
es can be used for long term treatment in patients with 
Duchenne MD and severe cardiomyopathy 80.

Patients with heart failure may also benefit of the use 
of nocturnal NIV for respiratory support. Indeed, NIV 
results in improved gas exchange and heart pump func-
tion 73.

The following statements are suggested for patients 
with NMDs at risk of cardiac complications.

3.1 Cardiac dysfunction (i.e., cardiomyopathies or 
abnormalities of the conduction system and arrhythmias) 
may be present in these patients, in particular in patients 
with myopathies. However, the clinical manifestations of 
heart failure are often not recognized until very late, due 
to skeletal muscle limitations. 

3.2 As cardiomyopathy is progressive, consider wors-
ening cardiomyopathy and rule out congestive heart fail-
ure, atrio-ventricular blocks and arrhythmias.

3.3 Request patient’s baseline test results, including 
echocardiogram and electrocardiogram.

3.4 Obtain a brief history with particular attention 
to underlying cardiac status, including medication use.

3.5 Ask about cardiac symptoms and monitor heart 
rate rhythm, blood pressure and SpO2.

3.6 Measure blood levels of B-type natriuretic pep-
tide and obtain an electrocardiogram; a chest x-ray and/
or chest ultrasound may be useful if pulmonary oedema 
is suspected.

3.7 Obtain an echocardiogram and promptly consult 
a cardiologist.

3.8 As in patients with myopathies, the blood cardiac 
Troponin T (cTnT) levels may be chronically high, while 
the blood cardiac Troponin I (cTnI) level are more rarely 
elevated, in the case of suspected myocarditis or myocar-
dial ischemia, it is recommended to measure cTnI.

Anaesthetic and perioperative management

Patients with NMDs may have abnormal vital func-
tions (e.g., respiratory and/or cardiac involvement), which 
increase the risk of surgical procedures requiring gener-
al anaesthesia  92,93. In addition, some anaesthetic agents 
can trigger life-threatening reactions (i.e., malignant hy-
perthermia, rhabdomyolysis and hyperkaliaemic cardiac 
arrest secondary to denervation) 94-96. As a consequence, 
patients with NMDs are at high risk of intra-operative and 
post-operative complications, and surgery should be, ide-
ally, performed in a fully equipped hospital with exten-
sive experience in NMDs management 93.

Pre-operative assessment of respiratory function 
should include lung function tests and cough assess-
ment 92,93. Patients with respiratory muscle weakness [i.e. 
forced vital capacity (FVC) less than 50% of predicted val-
ue, or peak cough less than 270 l/min], should be trained 
pre-operatively on the use of NIV and mucus clearance 
techniques 92,93. Indeed, when general anaesthesia is nec-
essary, these patients should be extubated by switching 
directly to NIV in combination with MI-E 30,92,93, 97,98.

Patients with myopathies should also undergo a care-
ful assessment of heart function and optimize cardiac 
therapy in the pre-operative period 93,94,98.

Patients with NMDs may experience increased sen-
sitivity to sedatives, inhaled anaesthetics and muscle re-
laxants 94. Moreover, the use of inhaled anaesthetics and 
succinylcholine is contraindicated in myopathic patients 
due to the high risk of acute rhabdomyolysis  93-96,99-100 

(Tab. V). In addition, difficulty in performing direct la-
ryngoscopy and the frequent use of fibreoptic-assisted 
endotracheal intubation is frequently reported  30,52,53. As 
a consequence, regional anaesthesia should be warranted 
whenever possible 30,93,94,98.

Based on these considerations, the following state-
ments are suggested, in the section on anaesthetic and 
perioperative management.
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4.1 Ideally, surgery should occur in a specialist centre 
with staff experienced in managing these patients. Other-
wise, urgent surgical interventions may be performed in 
non-specialized centres following recommendations re-
garding anaesthesia and perioperative management.

4.2 Obtain a pre-operative evaluation that include 
lung function tests and cough assessment; if respirato-
ry muscle weakness is present (i.e. FVC less than 50% 
the predicted value, or peak cough less than 270 l/min), 
familiarization with ventilatory support (i.e., MI-E and 
NIV) should be warranted prior to procedure, whenever 
possible.

4.3 Patients with NMDs, in particular patients with 
myopathies, should also undergo careful assessment of 
heart function and optimization of cardiac therapies in 
the pre-operative period. An electrocardiogram and 
echocardiogram are mandatory before anaesthesia.

4.4 In many patients with NMDs the use of succinyl-
choline and inhaled anaesthetics must be avoided to pre-
vent rhabdomyolysis (see table V).

4.5 Patients with NMDs may experience increased 
sensitivity to sedatives, inhaled anaesthetics and muscle 
relaxants; thus, the depth of anaesthesia and the neuro-
muscular function should be monitored in order to titrate 
the appropriate dose of those drugs. In addition, the effect 
of muscle relaxants should be completely reversed at the 
end of surgery (i.e., rocuronium should be used and must 
be reversed by sugammadex).

4.6 Tracheal intubation may be difficult in patients 
with NMDs and a frequent use of fiberoptic-assisted en-
dotracheal intubation is reported.

4.7 The use of regional or local anaesthesia offers 
a significant advantage in term of avoidance of general 
anaesthesia side-effects and reduction of postoperative 
respiratory complications.

4.8 Morphine infusions should be avoided, mainly in 
patients with reduced respiratory function or obstructive 
sleep apnoea.

4.9 Admission to an Intensive Care Unit (ICU) should 
be considered in any patient who is at risk for respiratory 
or cardiac complications.

4.10 Patients with decreased respiratory muscle 
strength require close monitoring and aggressive post-op-
erative respiratory management including early extuba-
tion and switching to NIV with aggressive use of MI-E. 
O2 must never be used, except in association with NIV.

Falls and fractures

Fractures are quite common in patients with NMDs, 
as they present marked disuse osteoporosis and are at 
high risk of falls 101. Decreased bone mass and osteope-
nia are reported in approximately 2/3 of these patients, 
resulting in frequent fragility fractures  102. Goals of the 

treatment are to promptly restore function and to reduce 
immobilization in order to prevent bed rest consequences, 
such as muscular and bone weakness that may increase 
the risk of re-fractures 103.

In adult patients, non-surgical treatment with cast 
immobilization is generally recommended for non-ambu-
latory patients, except for patients with inter-trochanteric, 
sub-trochanteric, and diaphyseal fractures. On the other 
hand, a prolonged immobilization (>  4 weeks) that ag-
gravates muscle wasting and disuse osteoporosis, should 
be avoided in ambulatory patients. As a consequence, 
all ambulatory and non ambulatory patients, who pres-
ent inter-trochanteric, sub-trochanteric, and diaphyseal 
fractures, generally benefit from surgical stabilization. 
Intramedullary nails or plates are used to allow early ex-
tremity range of motion and to promote acceleration of 
the fracture healing 1. However, the level of independence 
and disability before the fall and fracture is usually unlike 
to be maintained after surgery, regardless of the level of 
surgery because of the underlying muscle weakness.

In paediatric patients, conservative treatment may 
be considered in children younger than 5-6  years, with 
non-displaced fractures and when a short period of im-
mobilization is expected. In other cases, surgical fixation 
using minimally invasive techniques (e.g., flexible intra-
medullary nailing) is preferred 104.

Based on these considerations, the section on falls 
and fractures in EC includes the following statements.

5.1 Due to weakness, contractures and poor balance, 
patients with NMDs are at high risk of frequent falls. On 
the other hand, osteoporosis increases the risk of fractures.

5.2 In ambulatory adult patients, internal fixation of 
femoral fracture is preferable to conservative treatment 
because it allows for early walking recovery while pre-
serving muscle function.

5.3 In non-ambulatory adult patients, conservative 
management may be considered for non-displaced sub cap-
ital femoral neck fractures. Conversely, internal fixation is 
required in diaphyseal or trochanteric femoral fractures.

5.4 The treatment of femoral fractures in paediatric 
patients is strictly related to the child’s age, site of the 
fracture, and disability related to muscle weakness. Con-
servative treatment may be considered in patients young-
er than 5-6 years, with non-displaced fractures, and when 
a short period of immobilization is expected. In other cas-
es, surgical fixation using minimally invasive techniques 
(e.g., percutaneous fixation by Kirshner wires and plaster 
casts, flexible intramedullary nailing or light external fix-
ators) is preferred.

Acute constipation due to bowel dysfunction

Constipation characterized by abdominal pain and 
distension, associated with the inability to defecate, is 
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extremely common in patients with NMDs 1,105. Multiple 
potential risk factors can contribute to the development of 
constipation in NMDs, including underlying motility dys-
function due to involvement of smooth muscle fibres, lack 
of mobility, dehydration due to swallowing dysfunction, 
and lack of dietary fibre. Gastric or abdominal distention 
can cause acute RF in patients with severe respiratory mus-
cle weakness. Treatment strategies include increasing wa-
ter and fibre intake, and using osmotic laxatives. Decom-
pressive manoeuvres (i.e., placing nasogastric and/or rectal 
tubes) are the mainstay of acute management 105. 

Based on these considerations, the following state-
ments are suggested in the section on acute constipation 
due to bowel dysfunction.

6.1 Patients with NMDs and especially older patients 
can experience constipation due to abnormal gastrointes-
tinal motility.

6.2 Gastric and/or abdominal distension can cause 
acute respiratory failure in patients at high risk of re-
spiratory complications. In these cases, gastrointestinal 
decompression by nasogastric tube and/or rectal tube is 
often an effective therapy.

Other issues

Muscle can also be a source of elevation in serum 
aminotransferases. As a consequence, abnormal liver 
function tests are frequently observed in cases of myop-
athies. Serum aminotransferases lack tissue specificity to 
allow clinicians to distinguish primary liver injury from 
muscle damage 106,107. This can raise the question of liver 
injury and often triggers a false pathway of investigation.

Based on these considerations, the following state-
ment is included in EC.

7.1 Blood transaminases and creatine kinase levels 
may be increased in patients with myopathies. If other 
hepatic function tests (e.g., bilirubin and gamma GT) are 
normal, this pattern doesn’t necessarily reflect hepatop-
athy liver disease and may be due to muscle involvement.

Discussion
This paper reports the results of the first Consensus 

Conference organized to build specific ECs for NMDs. 
Aim of the workshop was to agree on a minimum set of 
the most relevant management information and recom-
mendations related to urgent care, and to produce ECs 
dedicated to patients with NMDs.

Consensus was reached on key issues and manage-
ment of the main clinical problems requiring urgent care 
(i.e., acute RF, chocking, cardiac complications, anaesthe-
sia, fractures and acute constipation) and are summarized 
in 4 tables and 37 statements. Based on these statements 
the CWG defined 13 ECs, one for each NMD, all sharing 

the same structure but with disease-related specificities.
Although NMDs may lead to severe disability and 

may shorten the life-expectancy, improvements in the 
function, quality of life and longevity of these patients 
have been achieved through a multidisciplinary manage-
ment approach  2,4,8,10,11,12,14,18. Consequently, when these 
patients come to the Emergency Department due to acute 
life-threatening complications, they deserve full appro-
priate care and treatment. In order to optimise patient out-
comes, the medical providers should have a good back-
ground in the issues relevant for individuals with NMDs. 
However, these diseases are rare and are an uncommon 
cause of admission to Emergency Departments 33. For this 
reason, the local ED physicians might be inexperienced 
in the management of these patients  5,34. The ECs pro-
posed in this paper may provide not only a rapid overview 
of key issues related to the more frequent acute complica-
tions in patients with NMDs, but also describe the back-
ground information which is required to better improve 
local urgent care.

We are aware that this study has several limita-
tions. One may argue that the level of information is 
high for an acute setting, but we believe that providing 
the background of the disease issues for the specific do-
main or organ involved will help the physicians in the 
emergency setting. A second limitation may be that we 
considered different forms of NMDs, which may differ 
in terms of disease onset, progression and severity. How-
ever, many studies have shown that several NMDs share 
common features and issues concerning respiratory and 
cardiac impairment, swallowing difficulties and periop-
erative management, while retaining disease-specific 
problems  13,14,62,86. Another limitation may be that many 
statements selected by the Consensus panel were mainly 
derived from observational studies and expert’s opinion 
rather than evidence-based guidelines. However, prospec-
tive randomized controlled trials aimed at supporting the 
utility of some therapies such as NIV and MI-E, would be 
difficult to carry out for ethical reasons. Indeed, in devel-
oped Countries of the world NIV and MI-E are routinely 
used to treat patients with NMDs and acute respiratory 
complications.

In conclusion, this paper reports a minimum set of 
management recommendations for urgent care dedicated 
to patients with NMDs, suggested by a panel of Italian 
experts. Based on these statements, we propose an EC 
for each selected NMD. The usefulness of these ECs in 
improving local acute care will be verified in the acute 
setting and real-world evidence.
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ON-LINE SUPPORTING INFORMATION  
 

Table S1: Emergency card for patients with Spinal muscular atrophy (SMA) type 1 

 

EMERGENCY CARD for  patients with Spinal muscular atrophy (SMA) type 1 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are always present (early onset; frequent exacerbation). Respiratory muscles weakness can 

compromise pump function of the respiratory system, upper airway muscles tone and efficiency of secretion clearance. 
The respiratory consequences are secretion retention, upper airway obstruction, nocturnal and daytime hypoventilation.. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis).  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, cough assist device (MI-E) help to clear airways secretions. Use the patient’s home 
equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are always present.  Signs and symptoms of swallowing difficulties such as a meal time longer 
than 30 minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking should be 
considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Cardiomyopathy is very rare (only one 1 case reported). Conduction defects and arrhythmia are not reported. Structural 
cardiac abnormalities are occasional. 

ANAESTHETIC 
PRECAUTIONS 

AND 
PERIOPERATIVE 
MANAGEMENT 

 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 

ü Familiarization with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   
ü Use of succinylcholine must be avoided to prevent succinylcholine-induced hyperkalaemia. Inhaled anaesthetics may 

be used. 
ü They may experience increased sensitivity to sedatives, inhaled anaesthetics and muscle relaxants; thus, the depth of 

anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 
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ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory complications. 

Patients with decreased respiratory muscle strength require close monitoring and aggressive post-operative respiratory 
management including early extubation to NIV with aggressive use of MI-E. O2 must never be used without associating 
it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Osteoporosis increases the risk of fractures 
ü In adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral neck fracture. 

On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 
ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 

and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is often 
an effective therapy. 

 
 

OTHER ISSUES 
ü Gastroesophageal reflux can occur in SMA. Symptoms may be subtle (weight loss, poor feeding, crying after feed or 

when lying down and coughing). If a gastrostomy is performed, and reflux is present, a Nissen fundoplication should be 
associated 
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Table S2: Emergency card for patients with Spinal muscular atrophy (SMA) type 2 

 

EMERGENCY CARD for patients with Spinal muscular atrophy (SMA) type 2 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are frequent. Respiratory muscles weakness can compromise pump function of the respiratory 

system, upper airway muscles tone and efficiency of secretion clearance. The respiratory consequences are secretion 
retention, upper airway obstruction, nocturnal and finally daytime hypoventilation. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., 
SpO2 <95% in room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be 
difficult to interpret, especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out 
pneumothorax, pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to 
deepen the examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are very frequent. Signs and symptoms of swallowing difficulties such as a meal time longer than 
30 minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking should be 
considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Cardiomyopathies, arrhythmias and structural cardiac abnormalities are occasional. Conduction defects are not reported.  

ANAESTHETIC 
PRECAUTIONS 

AND 
PERIOPERATIVE 
MANAGEMENT 

 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Use of succinylcholine must be avoided to prevent succinylcholine-induced hyperkalaemia. Inhaled anaesthetics may 
be used. 

ü They may experience increased sensitivity to sedatives,  inhaled anaesthetics and muscle relaxants; thus, the depth of 
anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal intubation 
is reported.  
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ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory complications. 

Patients with decreased respiratory muscle strength require close monitoring and aggressive post-operative respiratory 
management including early extubation to NIV with aggressive use of MI-E. O2 must never be used without associating 
it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility. 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is 
often an effective therapy. 

 
 

OTHER ISSUES 
ü Gastroesophageal reflux can occur in SMA. Symptoms may be subtle (weight loss, poor feeding, crying after feed or 

when lying down and coughing).  If a gastrostomy is performed, and reflux is present, a Nissen fundoplication should 
be associated. 
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Table S3: Emergency card for patients with Spinal muscular atrophy (SMA) type 3 

 

EMERGENCY CARD for patients with Spinal muscular atrophy (SMA) type 3 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are occasional. Respiratory muscles weakness can compromise pump function of the 

respiratory system, upper airway muscles tone and efficiency of secretion clearance. The respiratory consequences are 
secretion retention, upper airway obstruction, nocturnal and finally daytime hypoventilation.. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis).  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are occasional.  
ü  Signs and symptoms of swallowing difficulties such as a meal time longer than 30 minutes, recurrent chest infections, 

unintentional weight loss, and choking when eating or drinking should be considered.  
ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 

addition, it may impede successful use of NIV.  
ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Cardiomyopathies, arrhythmias and structural cardiac abnormalities are occasional. Conduction defects are not reported. 

ANAESTHETIC 
PRECAUTIONS 

AND 
PERIOPERATIVE 
MANAGEMENT 

 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Use of succinylcholine must be avoided to prevent succinylcholine-induced hyperkalaemia. Inhaled anaesthetics may 
be used. 

ü They may experience increased sensitivity to sedatives,  inhaled anaesthetics and muscle relaxants; thus, the depth of 
anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 
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ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory complications. 

Patients with decreased respiratory muscle strength require close monitoring and aggressive post-operative respiratory 
management including early extubation to NIV with aggressive use of MI-E. O2 must never be used without associating 
it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation  by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is often 
an effective therapy. 

 
 

OTHER ISSUES 
ü Gastroesophageal reflux can occur in SMA. Symptoms may be subtle (weight loss, poor feeding, crying after feed or 

when lying down and coughing).  If a gastrostomy is performed, and reflux is present, a Nissen fundoplication should 
be associated 
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Table S4: Emergency card for patients with Charcot-Marie-Tooth disease (CMT) 

 

EMERGENCY CARD for patients with Charcot-Marie-Tooth disease (CMT) 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are occasional in some subtypes. Respiratory muscles weakness can compromise pump 

function of the respiratory system, upper airway muscles tone and efficiency of secretion clearance. The respiratory 
consequences are secretion retention, upper airway obstruction, nocturnal and finally daytime hypoventilation.. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis).  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are occasional. Signs and symptoms of swallowing difficulties such as a meal time longer than 30 
minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking should be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Not reported 

ANAESTHETIC 
PRECAUTIONS 

AND 
PERIOPERATIVE 
MANAGEMENT 

 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Use of succinylcholine must be avoided to prevent succinylcholine-induced hyperkalaemia. Inhaled anaesthetics may 
be used. 

ü They may experience increased sensitivity to sedatives,  inhaled anaesthetics and muscle relaxants; thus, the depth of 
anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  
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ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory complications. 

Patients with decreased respiratory muscle strength require close monitoring and aggressive post-operative respiratory 
management including early extubation to NIV with aggressive use of MI-E. O2 must never be used without associating 
it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation  by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is 
often an effective therapy. 

 
 

OTHER ISSUES 
ü Pain is a very common. It can be caused by altered loading of the joints, because of muscle weakness, or neuropathic  

pain, owing to damage to the pain nerve endings. 
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Table S5: Emergency card for patients with Duchenne Muscular Dystrophy  

EMERGENCY CARD for  patients with DUCHENNE MUSCULAR DYSTROPHY (DMD) 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are always present in adulthood. Respiratory muscles weakness can compromise pump 

function of the respiratory system, upper airway muscles tone and efficiency of secretion clearance. The respiratory 
consequences are secretion retention, upper airway obstruction, nocturnal and finally daytime hypoventilation. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). In case of long-bone or vertebral fractures consider fat embolism syndrome if patient has dyspnoea or 
altered mental status. Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are always present in the late stage of the disease. Signs and symptoms of swallowing difficulties 
such as a meal time longer than 30 minutes, recurrent chest infections, unintentional weight loss, and choking when 
eating or drinking should be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Dilated cardiomyopathy and arrhythmia are very frequent. Conduction defects are occasional. However, clinical 
manifestations of heart failure are often unrecognized until very late, owing to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 
ü In these patients blood level of cardiac Troponin T (cTnT) may be chronically high, while blood level of cardiac Troponin 

I (cTnI) are more rarely high. Consequently, in the case of suspected myocarditis or myocardial ischemia, it is 
recommended to measure cTnI. 
 

ANAESTHETIC 
PRECAUTIONS 

AND 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 
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PERIOPERATIVE 
MANAGEMENT 

 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 

ü Use of succinylcholine and inhaled anaesthetics must be avoided to prevent rhabdomyolysis  
ü They may experience increased sensitivity to sedatives, anaesthetics agents and muscle relaxants; thus, the depth of 

anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 must never be used 
without associating it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is often 
an effective therapy. 

 
 

OTHER ISSUES 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 

ü In case of chronic corticosteroid therapy consider adrenal insufficiency. Determine whether stress steroid dosing is 
necessary. For critical adrenal insufficiency, administer 100 mg hydrocortisone by slow intravenous injection or 
intramuscular. In less critical situations, consult the PJ Nicholoff Steroid and obtain early consultation with an 
endocrinologist. 
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Table S6: Emergency card for patients with Becker Muscular dystrophy (BMD) 

 

EMERGENCY CARD for  patients with Becker Muscular dystrophy (BMD), 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are occasional. Respiratory muscles weakness can compromise pump function of the 

respiratory system, upper airway muscles tone and efficiency of secretion clearance. The respiratory consequences are 
secretion retention, upper airway obstruction, nocturnal and finally daytime hypoventilation. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). In case of long-bone or vertebral fractures consider fat embolism syndrome if patient has dyspnoea or 
altered mental status. Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are occasional. Signs and symptoms of swallowing difficulties such as a meal time longer than 30 
minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking should be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Dilated cardiomyopathy and arrhythmia are very frequent. Conduction defects are occasional. However, clinical 
manifestations of heart failure are often unrecognized until very late, owing to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 
ü In these patients blood level of cardiac Troponin T (cTnT) may be chronically high, while blood level of cardiac Troponin 

I (cTnI) are more rarely high. Consequently, in the case of suspected myocarditis or myocardial ischemia, it is 
recommended to measure cTnI. 
 

ANAESTHETIC 
PRECAUTIONS 

AND 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 
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PERIOPERATIVE 
MANAGEMENT 

 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 

ü Use of succinylcholine and inhaled anaesthetics must be avoided to prevent rhabdomyolysis  
ü They may experience increased sensitivity to sedatives, anaesthetics agents and muscle relaxants; thus, the depth of 

anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 must never be used 
without associating it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation  by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is 
often an effective therapy. 

 
 

OTHER ISSUES 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 

ü In case of chronic corticosteroid therapy consider adrenal insufficiency. Determine whether stress steroid dosing is 
necessary. For critical adrenal insufficiency, administer 100 mg hydrocortisone by slow intravenous injection or 
intramuscular. In less critical situations, consult the PJ Nicholoff Steroid and obtain early consultation with an 
endocrinologist. 
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Table S7: Emergency card for patients with Myotonic dystrophy type 1 (DM1) 

EMERGENCY CARD for  patients with Myotonic dystrophy type 1 (DM1) 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are frequent. Respiratory muscles weakness can compromise pump function of the respiratory 

system, upper airway muscles tone and efficiency of secretion clearance. The respiratory consequences are secretion 
retention, upper airway obstruction, nocturnal and finally daytime hypoventilation. Central sleep apnoea are also 
reported. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are very frequent. Signs and symptoms of swallowing difficulties such as a meal time longer than 
30 minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking should be 
considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Conduction defects and arrhythmia are very frequent. Dilated cardiomyopathy is occasional. However, clinical 
manifestations of heart failure are often unrecognized until very late, owing to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 
ü In these patients blood level of cardiac Troponin T (cTnT) may be chronically high, while blood level of cardiac Troponin 

I (cTnI) are more rarely high. Consequently, in the case of suspected myocarditis or myocardial ischemia, it is 
recommended to measure cTnI. 
 

ANAESTHETIC 
PRECAUTIONS 

AND 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 
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PERIOPERATIVE 
MANAGEMENT 

 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 

ü Use of succinylcholine and inhaled anaesthetics must be avoided to prevent rhabdomyolysis  
ü They may experience increased sensitivity to sedatives, anaesthetics agents and muscle relaxants; thus, the depth of 

anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 must never be used 
without associating it with NIV. 

ü In these patients respiratory insufficiency may be caused both by weakness or myotonic reactions, which may involve 
laryngeal and respiratory. Many factors like hypothermia, postoperative shivering, dyskalemia, mechanical and electrical 
stimulation or drugs (i.e., propranolol, succinylcholine and anticholinesterase agents) can precipitate myotonic 
contractures. Myotonia occurs for an intrinsic change in the muscle and not in the peripheral nerve or neuromuscular 
junction. Thus, it cannot be abolished by peripheral nerve blockades or neuromuscular blockers. Myotonia may be treated 
with midazolam, otherwise the treatment is mainly preventive, avoiding all triggering factors. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases, gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is often 
an effective therapy. 

 
 

OTHER ISSUES 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 

ü Intellectual impairment and cognitive dysfunction are often present. 
ü Excessive daytime sleepiness (EDS) is common and is most often owing to CNS involvement. Sleep apnoea and chronic 

respiratory failure also need to be considered and   sleep study should be considered to assess possible obstructive 
sleep apnoea and CNS mediated sleep apnoea. 

ü DM1 may be associated with insulin resistance and cataract. 
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Table S8: Emergency card for patients with Facio-scapulo-humeral muscular dystrophy (FSHD) 

EMERGENCY CARD for  patients with Facio-scapulo-humeral muscular dystrophy (FSHD) 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are occasional. Respiratory muscles weakness can compromise pump function of the 

respiratory system, upper airway muscles tone and efficiency of secretion clearance. The respiratory consequences are 
secretion retention, upper airway obstruction, nocturnal and finally daytime hypoventilation.  

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are occasional. Signs and symptoms of swallowing difficulties such as a meal time longer than 30 
minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking should be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Dilated cardiomyopathy, conduction defects and arrhythmia are occasional. However, clinical manifestations of heart 
failure are often unrecognized until very late, owing to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 
ü In these patients blood level of cardiac Troponin T (cTnT) may be chronically high, while blood level of cardiac Troponin 

I (cTnI) are more rarely high. Consequently, in the case of suspected myocarditis or myocardial ischemia, it is 
recommended to measure cTnI. 
 

ANAESTHETIC 
PRECAUTIONS 

AND 
PERIOPERATIVE 
MANAGEMENT 

 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   
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ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 

ü Use of succinylcholine and inhaled anaesthetics must be avoided to prevent rhabdomyolysis  
ü They may experience increased sensitivity to sedatives, anaesthetics agents and muscle relaxants; thus, the depth of 

anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 must never be used 
without associating it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is 
often an effective therapy. 

 
 

OTHER ISSUES 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 

ü Conjunctivitis and ulceration of the cornea can occur owing to limited blinking and inability to properly close the eyes, 
also when sleeping.. 

ü Substantial facial muscle weakness may lead to misinterpretation of emotional expression, particularly in those with 
severe, childhood-onset FSHD. 
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Table S9: Emergency card for patients with  Limb girdle muscular dystrophy (LGMD) 

EMERGENCY CARD for  patients with Limb girdle muscular dystrophy (LGMD) 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are frequent in some subtypes (LGMD1, LGMD2C/D/E/F). Respiratory muscles weakness 

can compromise pump function of the respiratory system, upper airway muscles tone and efficiency of secretion 
clearance. The respiratory consequences are secretion retention, upper airway obstruction, nocturnal and finally daytime 
hypoventilation.. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are occasional in some subtypes. Signs and symptoms of swallowing difficulties such as a meal 
time longer than 30 minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking 
should be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Dilated cardiomyopathy is very frequent in some subtypes (LGMD1B and LGMD2C/D/E/I). Conduction defects and 
arrhythmia are occasional. However, clinical manifestations of heart failure are often unrecognized until very late, owing 
to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 
ü In these patients blood level of cardiac Troponin T (cTnT) may be chronically high, while blood level of cardiac Troponin 

I (cTnI) are more rarely high. Consequently, in the case of suspected myocarditis or myocardial ischemia, it is 
recommended to measure cTnI. 
 

ANAESTHETIC 
PRECAUTIONS 

AND 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 
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PERIOPERATIVE 
MANAGEMENT 

 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 

ü Use of succinylcholine and inhaled anaesthetics must be avoided to prevent rhabdomyolysis  
ü They may experience increased sensitivity to sedatives, anaesthetics agents and muscle relaxants; thus, the depth of 

anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 must never be used 
without associating it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is 
often an effective therapy. 

 
 

OTHER ISSUES 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 

ü Some subtypes of LGMD can have central nervous system involvement with intellectual disability and/or epilepsy and, 
rarely, movement disorders. 
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Table S10: Emergency card for patients with Congenital muscular dystrophy (CMD) 

EMERGENCY CARD for patients with Congenital muscular dystrophy (CMD) 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are frequent in some subtypes (Ullrich’s CMD, LAMA 2 deficient CMD). Respiratory muscles 

weakness can compromise pump function of the respiratory system, upper airway muscles tone and efficiency of 
secretion clearance. The respiratory consequences are secretion retention, upper airway obstruction, nocturnal and 
finally daytime hypoventilation. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are frequent in some subtypes. Signs and symptoms of swallowing difficulties such as a meal time 
longer than 30 minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking should 
be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Dilated cardiomyopathy is frequent in Fukuyama CMD and occasional in other subtypes. Conduction defects and 
arrhythmia are occasional. However, clinical manifestations of heart failure are often unrecognized until very late, owing 
to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 
ü In these patients blood level of cardiac Troponin T (cTnT) may be chronically high, while blood level of cardiac Troponin 

I (cTnI) are more rarely high. Consequently, in the case of suspected myocarditis or myocardial ischemia, it is 
recommended to measure cTnI. 
 

ANAESTHETIC 
PRECAUTIONS 

AND 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 



Emergencies cards for neuromuscular disorders

171

20 
 

PERIOPERATIVE 
MANAGEMENT 

 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 

ü Use of succinylcholine and inhaled anaesthetics must be avoided to prevent rhabdomyolysis  
ü They may experience increased sensitivity to sedatives, anaesthetics agents and muscle relaxants; thus, the depth of 

anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 must never be used 
without associating it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is often 
an effective therapy. 

 
 

OTHER ISSUES 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 
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Table S11: Emergency card for patients with Congenital Myopathies 

EMERGENCY CARD for  patients with Congenital Myopathies 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are frequent in some subtypes (Nemaline, Myofibrillary and Centro-nuclear CM). Respiratory 

muscles weakness can compromise pump function of the respiratory system, upper airway muscles tone and efficiency 
of secretion clearance. The respiratory consequences are secretion retention, upper airway obstruction, nocturnal and 
finally daytime hypoventilation. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
in these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are frequent in some subtypes. Signs and symptoms of swallowing difficulties such as a meal time 
longer than 30 minutes, recurrent chest infections, unintentional weight loss, and choking when eating or drinking should 
be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Dilated cardiomyopathy, conduction defects and arrhythmia (Long QT) are occasional. However, clinical manifestations 
of heart failure are often unrecognized until very late, owing to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 
ü In these patients blood level of cardiac Troponin T (cTnT) may be chronically high, while blood level of cardiac Troponin 

I (cTnI) are more rarely high. Consequently, in the case of suspected myocarditis or myocardial ischemia, it is 
recommended to measure cTnI. 
 

ANAESTHETIC 
PRECAUTIONS 

AND 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 
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PERIOPERATIVE 
MANAGEMENT 

 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 

ü Use of succinylcholine and inhaled anaesthetics must be avoided to prevent rhabdomyolysis and malignant 
hyperthermia.  

ü Malignant hyperthermia is a medical emergency characterized by pathological hyperthermia, muscle rigidity, and 
hypermetabolism in response to triggering anaesthetic agents (i.e., succinylcholine and inhaled anaesthetics), It must 
be treated with dantrolene and additional supportive care measures. 

ü They may experience increased sensitivity to sedatives, anaesthetics agents and muscle relaxants; thus, the depth of 
anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 must never be used 
without associating it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is 
often an effective therapy. 

 
 

OTHER ISSUES 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 
 

 
 

 

 

  



Fabrizio Racca et al.

174

23 
 

Table S12: Emergency card for patients with Mitocondrial myopathies 

EMERGENCY CARD for  patients with Mitocondrial myopathies 
Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are frequent (Progressive, infantile onset and late onset). Respiratory muscles weakness can 

compromise pump function of the respiratory system, upper airway muscles tone and efficiency of secretion clearance. 
The respiratory consequences are secretion retention, upper airway obstruction, nocturnal and finally daytime 
hypoventilation. Abnormality of respiratory drive due to dysfunction of the respiratory centers are very frequently reported 
in pediatric cases 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
n these patients tracheal intubation may be difficult. 

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are frequent (more often due to central involvement than primary muscular impairment). Signs 
and symptoms of swallowing difficulties such as a meal time longer than 30 minutes, recurrent chest infections, 
unintentional weight loss, and choking when eating or drinking should be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Dilated cardiomyopathy is very frequent Conduction defects and arrhythmia are frequent. However, clinical 
manifestations of heart failure are often unrecognized until very late, owing to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 

 
ANAESTHETIC 
PRECAUTIONS 

AND 
PERIOPERATIVE 
MANAGEMENT 

 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 
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ü As these patients may have increased lactate levels during periods of physiological stress, preoperative fasting could be 
particularly hazardous. Thus, i.v. isotonic fluid containing dextrose (e.g., 0.9% sodium chloride with 5% dextrose) should 
be started during preoperative fasting period to allow maintenance of normoglycemia to avoid excessive glycolytic 
oxidation that may increase plasma lactate levels. 

ü Use of succinylcholine must be avoided to prevent rhabdomyolysis.  Inhaled anaesthetics can be administered in order 
to avoid prolonged use of propofol, which can increases lactic acidosis. 

ü They may experience increased sensitivity to sedatives, inhaled anaesthetics and muscle relaxants; thus, the depth of 
anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general a and reduction 
of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 should not be used 
without associating it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures. 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required. 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation  by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is 
often an effective therapy. 

 
 

OTHER ISSUES 
ü A major clue to mitochondrial disease is a multisystem involvement, that may include: 

o Brain – stroke-like episodes, seizures, myoclonus, ataxia, developmental delay or regression, dementia, 
migraine, and dystonia 

o Eye – pigmentary retinopathy, optic atrophy, and cataracts 
o Neuropathy and dysautonomia 
o Endocrine – diabetes and hypoparathyroidism 
o Kidney – proximal nephron dysfunction and glomerulopathy 
o Gastrointestinal – altered motility, liver disease, episodes of nausea and vomiting, and exocrine pancreatic 

dysfunction 
o Hematologic – sideroblastic anaemia and pancytopenia 
o Metabolic acidosis due to elevated levels of lactate 

ü Lactate levels may be elevated, normal or only minimally elevated. These patients may have elevated lactate levels 
only during periods of physiologic stress. It is controversial whether IV sodium bicarbonate should be used. Many 
authors recommended that it should be reserved for cases of extreme acidosis when the blood pH is <7.2. 

ü Intellectual impairment and cognitive dysfunction may be present.  
ü Mitochondrial myopathies may worsen during periods of increased physiologic stress, such as an illness or 

surgery/anaesthesia. During these periods rhabdomyolysis may occur. 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 
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Table S13: Emergency card for patients with Metabolic (Glycogen storage) myopathies 

EMERGENCY CARD for patients with Metabolic (Glycogen storage) myopathies 
 

Name     __________________________________________________________ 
Date of birth ____________________ Fiscal Code ____________________ 
If presenting at an emergency department, contact the neuromuscular and/or respiratory team at: ____________________as soon as possible on: 
______________________________ 

MAIN TOPICS MOST RELEVANT INFORMATIONS AND RECOMMENDATIONS RELATED TO THE EMERGENCY CARE 

 
ACUTE 

RESPIRATORY 
INSUFFICIENCY 

 

 
ü Respiratory complications are frequent in Glycogen storage disease type II (Pompe Disease) both in infantile  and late 

onset form. Respiratory muscles weakness can compromise pump function of the respiratory system, upper airway 
muscles tone and efficiency of secretion clearance. The respiratory consequences are secretion retention, upper airway 
obstruction, nocturnal and finally daytime hypoventilation.. 

ü Respiratory infections (i.e., tracheobronchitis or pneumonia) are the most frequent cause of acute respiratory failure and 
require early management. Low threshold for empiric antibiotic therapy is recommended for chest infections. 

ü If no infectious cause of acute respiratory failure is evident, consider non-infectious causes (e.g., pneumothorax or 
atelectasis). Cardiogenic pulmonary oedema should be also ruled out.  

ü Collect respiratory symptoms and monitor SpO2 levels via pulse oximetry; even mild hypoxaemia (e.g., SpO2 <95% in 
room air) is a concern and requires a chest x-ray and a blood gas analysis test. Chest x-ray may be difficult to interpret, 
especially in the presence of scoliosis. In this case chest CT scan may be useful in order to rule out pneumothorax, 
pneumonia or atelectasis. If even chest CT scan does not show any cause for acute RF, it is useful to deepen the 
examination by administering contrast medium to exclude a pulmonary thromboembolism.  

ü NIV is often required. In addition, assisted coughing (i.e., breath-stacking techniques with an Ambu bag combined with 
compression of the chest wall or abdomen) or cough assist device (MI-E) help to clear airways secretions. Use the 
patient’s home equipment when available.  

ü O2 must never be used without associating it with NIV. If supplemental oxygen is required titrate oxygen therapy to 
achieve SpO2 94-98% and monitor CO2.  

ü In case of an acute, reversible event intubation and invasive ventilation is indicated when NIV failure occurs (unless there 
is a known advance directive stating otherwise). When indicated tracheal intubation must not be delayed. Consider that 
n these patients tracheal intubation may be difficult due to jaw ankylosis, atrophy of the masseter muscle and/or other 
masticatory muscles, macroglossia or limited mobility of the cervical spine.  

ü After recovery from the acute illness, these patients should be promptly extubated to NIV combined with MI-E. 
Tracheotomy can be evaluated in particular in patients with severe bulbar dysfunction. However, in the acute phase it 
should be considered only in the case of multiple failures of weaning protocol including preventive application of NIV 
combined with MI-E after extubation. 
 

CHOCKING DUE 
TO SWALLOWING 

DIFFICULTIES 
 

ü Swallowing difficulties are frequent in Infantile onset Pompe Disease, rare in late onset Pompe Disease. Signs and 
symptoms of swallowing difficulties such as a meal time longer than 30 minutes, recurrent chest infections, unintentional 
weight loss, and choking when eating or drinking should be considered.  

ü Severe bulbar dysfunction increases the patient risk for aspiration and hampers the elimination of airway secretions.  In 
addition, it may impede successful use of NIV.  

ü In case of choking use MI-E or manual assisted coughing; if it is ineffective consider emergent tracheal intubation 
 

ACUTE CARDIAC 
COMPLICATIONS 

 

ü Dilated cardiomyopathy is very frequent in some subtypes (type II, III, IV, VII and IX). In the infantile form of Pompe 
disease hypertrophic cardiomyopathy may be present. Conduction defects and arrhythmia are frequent. However, clinical 
manifestations of heart failure are often unrecognized until very late, owing to musculoskeletal limitations. 

ü Consider worsening cardiomyopathy and rule out congestive heart failure, atrio-ventricular blocks and arrhythmias. 
ü Ask for the patient’s baseline test results, including echocardiogram and electrocardiogram. 
ü Obtain a brief history with a focus on baseline cardiac status, including use of medications. 
ü Ask about cardiac symptoms and monitor heart rate rhythm, blood pressure and SpO2. 
ü Measure blood levels of B-type natriuretic peptide and obtain an electrocardiogram; a chest radiograph and/or chest 

ultrasound may be useful if pulmonary oedema is suspected. 
ü Obtain an echocardiogram and early consultation with a cardiologist. 
ü In these patients blood level of cardiac Troponin T (cTnT) may be chronically high, while blood level of cardiac Troponin 

I (cTnI) are more rarely high. Consequently, in the case of suspected myocarditis or myocardial ischemia, it is 
recommended to measure cTnI. 
 

ANAESTHETIC 
PRECAUTIONS 

AND 

ü Ideally, surgery should occur in a specialist centre with staff experienced in managing these individuals. Otherwise, the  
urgent surgical interventions may be performed in non-specialized centres following recommendations regarding 
anaesthesia and perioperative management. 
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PERIOPERATIVE 
MANAGEMENT 

 

ü Obtain a pre-operative evaluation including lung function tests and cough assessment; if respiratory muscle weakness 
is present (i.e. forced vital capacity less than 50% of predicted value or peak cough less than 270 l/min), familiarization 
with ventilatory support (i.e., MI-E and NIV) should be warranted prior to procedure whenever possible.   

ü Patients should also undergo careful assessment of heart function as well as optimization of cardiac therapies in the pre-
operative period. An electrocardiogram and echocardiogram should be performed before anaesthesia. 

ü Use of succinylcholine and inhaled anaesthetics must be avoided to prevent rhabdomyolysis  
ü They may experience increased sensitivity to sedatives, anaesthetic agents and muscle relaxants; thus, the depth of 

anaesthesia and the neuromuscular function should be monitored in order to titrate the appropriate dose of those drugs. 
In addition, the effect of muscle relaxants should be completely reversed at the end of surgery (i.e., rocuronium should 
be used and must be reversed by sugammadex). 

ü In the infantile form of Pompe disease with significant hypertrophic cardiomyopathy, decreased cardiac output and 
myocardial ischemia have been observed during anaesthesia. In fact, stiffness of the hypertrophied ventricular walls can 
induce abnormal diastolic relaxation and lead to dynamic left ventricular outflow tract obstruction, elevated left ventricular 
end-diastolic pressure and reduced diastolic filling. Such a condition may precipitate as a consequence of a decrease in 
systemic vascular resistance, preload, or both eventually induced by anaesthetic agents, with an increased risk of 
intraoperative cardiac arrest. 

ü Tracheal intubation may be difficult in patients with NMDs and frequent use of fibreoptic-assisted endotracheal 
intubation is reported.  

ü The use of regional or local anaesthesia offers a significant advantage in term of avoidance of general anaesthesia and 
reduction of postoperative respiratory complications. 

ü  Morphine infusions should be avoided, mainly in patients with reduced respiratory function or obstructive sleep apnoea 
ü  Admission to an Intensive Care Unit should be considered in any patient who is at risk for respiratory or cardiac 

complications. Patients with decreased respiratory muscle strength require close monitoring and aggressive post-
operative respiratory management including early extubation to NIV with aggressive use of MI-E. O2 must never be used 
without associating it with NIV. 

 
 FALLS AND 
FRACTURES 

 

ü Owing to weakness, contractures and poor balance, patients with NMDs are at high risk of frequent falls. On the other 
hand, osteoporosis increases the risk of fractures 

ü In ambulatory adult patients, internal fixation of femoral fracture is preferable to conservative treatment because it allows 
early walking recovery, preserving muscle function. 

ü In non-ambulatory adult patients, conservative treatment can be considered in case of non-displaced sub capital femoral 
neck fracture. On the contrary, in diaphyseal or trochanteric femoral fracture internal fixation is required 

ü In paediatric patients the treatment of femoral fractures is strictly related with the age of the child, the site of the fracture 
and the disability related to muscle weakness. Conservative treatment can be considered in patients under 5-6 years of 
age, with non-displaced fractures and when a short period of immobilization is expected. In the other cases surgical 
fixation using minimally invasive techniques is preferred (e.g., percutaneous fixation by Kirshner wires and plaster casts, 
Flexible Intramedullary Nailing or light external fixators). 
 

ACUTE 
CONSTIPATION 
DUE TO BOWEL 
DYSFUNCTION 

ü Some patients can experience constipation due to abnormal gastrointestinal motility 
ü Gastric and/or abdominal distention may cause acute respiratory failure in patients at high risk of respiratory 

complications. In these cases gastrointestinal decompression by using of a nasogastric tube and/or rectal tubes is often 
an effective therapy. 

 
 

OTHER ISSUES 
ü In these patients blood levels of transaminases and creatine kinase may be increased. If other hepatic function tests  

(e.g. bilirubin and gamma GT) are normal, this pattern doesn’t necessarily reflect hepatopathy and may be due to muscle 
involvement. 

ü Metabolic myopathy presenting with exercise intolerance (e.g. McArdle's disease) may present with acute 
rhabdomyolysis with severe hyperCKemia, muscle pain, and myoglobinuria. During such events, there is a risk of acute 
renal failure. 
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Anti-MuSK myasthenia gravis (Anti-MuSK MG) is a chronic autoimmune disease 
caused by complement-independent dysfunction of the agrin-MuSK-Lrp4 com-
plex, accompanied by the development of the pathological muscle fatigue and some-
times muscle atrophy. Fatty replacement of the tongue, mimic, masticatory and 
paravertebral muscles, revealed by muscle MRI and proton magnetic resonance 
spectroscopy (MRS), is considered to be a consequence of the myogenic process in 
anti-MuSK antibody MG in the patients with a plenty long course of the disease. 
However, in most experimental studies on animal models with anti-MuSK MG, 
complex presynaptic and postsynaptic changes are revealed, accompanied by the 
functional denervation of masticatory and paravertebral muscles predominantly. 
This study presents the MRI, nerve conduction studies (NCS), repetitive nerve 
stimulation (RNS) and electromyography (EMG) of neurogenic lesions of the axial 
muscles (m. Multifidus Th12, L3-L5; m. Erector spinae L4-L5) in two patients 
K. (51 years old), and P. (44 years old), both of whom were having weakness of 
the paravertebral muscles for 2-4 months due to anti-MuSK MG. The clinical 
manifestations, as well as the edematous changes in the paravertebral muscles, 
regressed after therapy. Thus, these clinical examples may confirm the presence 
of the neurogenic changes at an early stage of anti-MuSK myasthenia gravis and 
indicate importance of immediate initiation of therapy to avoid the development of 
muscle atrophy and fatty infiltration.

Key words: antibodies to MuSK, muscle MRI, neurogenic muscle edema, anti-MuSK 
myasthenia gravis

Introduction
Anti-MuSK antibody myasthenia gravis (Anti-MuSK MG) is a chron-

ic autoimmune disease caused by complement-independent dysfunction 
of the agrin-MuSK-Lrp4 complex, accompanied by the development of 
pathological muscle fatigue and sometimes muscle atrophy. Anti-MuSK 
MG is a subtype of seronegative acquired myasthenia gravis, occurring in 
5-8% of all cases 1-3.
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Four main clinical phenotypes of anti-MuSK MG 
were described: generalized form, oculobulbar form, 
lumbar-limb phenotype with involvement of the neck ex-
tensors and respiratory muscles, isolated ocular form 4-6.

One of the characteristic features of anti-MuSK MG 
is the presence of atrophy and fatty infiltration of the 
tongue, extraocular, mimic, masticatory and paraverte-
bral muscles, detected by MRI and proton magnetic res-
onance spectroscopy (MRS)  5,7-11. This feature presents 
as a consequence of myopathic process in anti-MuSK 
antibody MG, which is confirmed by changes in the myo-
pathic EMG pattern in 44-50% of cases. Those changes 
include a decrease in the MUAP durations, amplitudes 
and the presence of fibrillation potentials 3,7,12,13. Muscle 
atrophy is more common in patients with longer disease 
course 7,8. However, some cases of anti-MuSK MG were 
reported with a short course, characterized by the pres-
ence of neurogenic changes in the muscles  14-16. In the 
studies of experimental autoimmune MG in mice, a wide 
range of evidence was obtained in favor of denervation 
changes in muscles in anti-MuSK MG 17-19. At the same 
time, in humans, in most muscular morphological stud-
ies of the extremities, predominant myopathic  20-23 and 
rarer presynaptic neurogenic changes were observed  19. 
Thus, the exact nature of muscle damage in patients with 
anti-MuSK MG remains debated. The question is of im-
portance since myogenic changes are less susceptible to 
respond to a therapeutic intervention. 

In this article, we report reversible probably neuro-
genic changes, identified by nerve conduction studies 
(NCS), repetitive nerve stimulation (RNS), electromyog-
raphy (EMG) and MRI, in paravertebral muscles in two 
patients with anti-MuSK antibody MG.

Subjects and methods

The examination and treatment of two patients: K. 
51-year-old male and P. 44-year-old female with paraspi-
nal-muscle weakness caused by anti-MuSK MG were 
carried out. The clinical, neurological examination and 
the quantitative myasthenia gravis score (QMGS) assess-
ment were performed before and after the therapy.

All studies were conducted after the patients had 
signed the voluntary informed consent.

Laboratory methods included: general, biochemi-
cal blood analysis, determination of IgM, IgG and IgA 
levels (turbidimetric method, BTS-350, BioSystems, 
Spain), antibodies to antinuclear factor (ANF) by indirect 
immunofluorescence (iIF) test (Euroimmun, Germany), 
extractable nuclear antigen (ENA) by ELISA (Orgentec 
, Germany), anti-MuSK antibodies by ELISA (IBL, Ger-
many), anti-AChR antibody test by ELISA (Medipan, 
Germany), anti-skeletal muscle antibodies (anti-SM) by 
iIF (Euroimmun, Germany), myositis-associated anti-

body test (MAA) (Mi2b, Ku, Pm-Scl100, PM-Scl75, Jo-
1, SRP, PL-7, PL-12 EJ, OJ, Ro-52) (Euroimmun, Ger-
many).

Instrumental methods consisted of: nerve conduction 
studies (NCS), repetitive nerve stimulation (RNS) (rhyth-
mic stimulation 3 and 50 Hz), needle electromyography 
(EMG), whole-body MRI using T1-weighted, T2-weight-
ed STIR-T2 weighted sequences in three orthogonal ori-
entations (Philips Ingenia 1.5 Tl), chest CT (Aquilon 64, 
Toshiba).

Treatment of patient 2. (44 y.o.) included methyl-
prednisolone tablets (0.8  mg/kg b.w.) by an alternating 
scheme and five cycles of medium-volume membrane 
plasma exchange using PCS-2 devices (Haemonetics, 
USA) according to the standard technique with an exfu-
sion volume of 25-30% of the circulating plasma volume. 
The replacement of the exfused plasma was carried out 
with crystalloid solutions. Patient 1 (51 y.o.) received 
only methylprednisolone tablets (1.0 mg/kg b.w.) accord-
ing to an alternating scheme. In both patients, when the 
methylprednisolone doses were decreased, azathioprine 
tablets (50 mg/day) were additionally prescribed.

Description of clinical cases

Patient 1 (male, 51 years old; 186 cm tall, weighting 
79 kg; BMI - 22.8) presented with a 8-month disease du-
ration. He complained of severe muscle weakness of the 
back and neck, with difficulties to maintain the head and 
posture, inability to extend the back from a forward bend. 
After 2 months, the patient noted the appearance of dou-
ble vision. The severity of symptoms had no significant 
fluctuations during the day. The neurological examination 
before treatment revealed moderate weakness of the neck 
extensors (4 points) and severe weakness of the thoracic 
and lumbar paravertebral muscles (3 points). When the 
arms were extended forward, a compensatory deviation 
backward of the body by 10° was observed. Weakness 
in the facial and proximal muscles of the upper limbs 
was not observed (5 points). The QMGS score was 3/39 
points. The patient was MGFA class 1. The neostigmine 
methyl sulfate test (0.05% 2 ml) was positive.

The level of anti-AChR antibodies were 0.24 nmol/L 
(norm of up to 0.45); anti-MuSK antibodies were more 
than 23.3  IU/ml (norm of up to 0.39  IU/ml); anti-SM 
antibodies - less than 1:20 (up to 1:20); ANF antibodies 
were   1: 640; anti-mitochondrial antibodies (PDC-AMA2; 
AMA) - 1:20 (less than 1:20); immunoblotting of anti-
nuclear antibodies was normal. The IgM, IgG and IgA 
levels were normal.

On the whole-body MRI  in m. multifidus at levels 
Th10 - L5 MR signal was heterogeneous, particularly on 
the left side due to areas of moderate hyperintensities on 
T2w images, with corresponding iso/hypointensities on 
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T1w images. Those areas showed edematous changes. 
No signal anomaly was detected elsewhere, either in the 
paravertebral muscles or in the paravertebral soft tissues 
at other locations.

A L5-S1 disc protrusion was observed, up to 0.35 cm 
in size, without affection on the spinal roots. In the pos-
terior group of thigh and leg muscles, mild fatty replace-
ment was noted (Mercuri 1 grade 1 on a scale of 0 to 4).

Respiratory function indices were in the normal 
range. 

On the repetitive nerve stimulation compound mus-
cle action potentials (CMAP) decrement was revealed 
in the orbicularis oculi muscles (23%) and the proximal 
muscles of the upper extremities up to 65% (Tab. I). On 
the EMG in m. deltoideus, m. vastus lateralis, m. tibi-
alis anterior, the MUAP amplitudes and durations were 
normal. In the proximal muscles increased polyphasia of 
MUAP was noted up to 26-33%. In m. erector spinae at 
the L1-L3 levels, neurogenic changes were revealed, rep-
resented by an increase in the MUAP amplitudes - 1814 
µV (343-4172 µV), with a normal MUAP duration - 11.1 
ms (8.43-16.4), an increase in polyphasic fibers up to 
14%; the interference pattern corresponded to the neuro-
genic one. Spontaneous activity was represented by the 
multiple fibrillation potentials, positive sharp waves and 
single fasciculations.

After treatment, which included glucocorticosteroids 
(1.0 mg/kg b.w.in an alternate day scheme for 4 months, 
followed by a progressive decrease), patient 1 achieved 
complete clinical remission.

A control examination after 6 months of therapy 
showed a decrease in the anti-MuSK level to 8.13 IU/ml. 
At the MRI, the complete regression of edematous chang-

es in the paravertebral muscles was observed (Fig. 1). On 
the RNS, the CMAP decrement in m. trapezius persisted. 
In m. erector spinae at the L1-L3 levels, less pronounced 
neurogenic changes were observed, indicated by lower 
MUAP amplitudes - 1610 μV (567-2942 µV), with a nor-
mal MUAP duration of 10.5 ms (9.07-14.6), an increase 
in polyphase fibers to 32%. The interference pattern 
corresponded to a neurogenic one. QMGS score - 0/39 
points. The patient 1 was MGFA class 0 (Tab. I).

Patient 2 (female, 44 years old, height 166  cm; 
weight 68 kg; BMI - 24.7) with complaints of double vi-
sion, limitation of eye movements, the drooping eyelids 
and rapid fatigability of the neck extensors with the de-
velopment of “dropped head” syndrome in the evening. 
The first episode of self-regressing isolated double vision, 
which lasted 2 weeks was observed 8 months ago. Oph-
thalmoparesis was observed within 4 months. On exam-
ination before the treatment, diplopia, ophthalmoparesis, 
convergent strabismus, hypomimia, weakness in the neck 
extensors were noted. She could not raise her head in a 
forward tilt position (2 - 3/5 points); she had weakness 
in the back extensors of the thoracic and lumbar regions 
(4 points). Muscle strength of the upper and lower ex-
tremities was normal (5 points). QMGS score - 17/39 
points. The patient 2 was stage 2a according to MGFA. 
The neostigmine methyl sulfate test (0.05% 1.8 ml) was 
positive (Fig. 1).

The level of anti-AChR antibodies was 0.21  nmo-
l/L (normal up to 0.45); antibodies to MuSK more than 
25 IU/ml (norms up to 0.39  U/ml); anti-SM antibodies 
- less than 1:20 (the norm is up to 1:20). Blood cell count 
showed a relative lymphocytosis of up to 47.4% (norm 
19.0-37.0%) with normal absolute lymphocyte number. 

Table I. Results of RNS, assessment by QMGS and anti-MuSK level of patient 1 and patient 2 before and after treat-
ment.
Muscles Patient 1 (51 y.o.) Patient 2 (44 y.o.)

Before After Before After Before After Before After
А, mV D, % А, mV D, % А, mV D, % А, mV D, %

M. frontalis 1.1 6.5 1.6 0.5 1.1 20.4 1.5 12.4
M. orbicularis oculi 2.4 23 2.5 + 0.2 0.45 38.4 0.99 34.2
M. nasalis 2.8 8.6 2.7 2.5 1.81 25.4 2.62 3.8
M. digastricus vent. anterior 4.7 1.5 5.1 + 0.8 3.61 18.6 6.78 + 0.6
M. trapezius 5.6 65 11.9 13.1 6.85 17.1 10.1 1.9
M. deltoideus 20 19.3 25.7 5.7 12.8 16.8 19.1 2.6
M. abductor digiti minimi 14.1 2.4 14.0 + 0.4 9.4 2.4 10.3 + 0.9
PAP (m. orbicularis oculi), % 112 108 127 123
Anti-MuSK antibodies, IU/ml 23.3 8.13 25.3 7.26
QMGS 3 0 17 1

A, mV: amplitude of the first CMAP; D,%: decrement in the amplitude of CMAP between the first and fifth stimuli, expressed as a per-
centage, obtained with repetitive stimulation of 3 Hz; PAP: Post-activation potentiation after isometric muscle tension; 4: Pathological 
indicators are highlighted in bold.

http://b.w.in
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On chest CT persistence of the thymus gland was re-
vealed (7.6x11 mm, no clear contours).

At MRI, whole-body axial STIR and T2wi in the ax-
ial plane revealed the moderate edematous changes in m. 
multifidus at the Th12, L3-L5 levels, m. erector spinae at 
the L4, L5 levels on the left (Fig. 2A). On the T1w and 
T2w scans in sagittal, coronal and axial projections with 
fat suppression, the patient had protrusions of the L3-L5 
intervertebral discs measuring 0.2-0.3 cm, without signs 
of nerve root compression. In the STIR and T2w imag-
es of extraocular muscles, moderate symmetric edema-
tous changes in m. rectus lateralis and m. rectus inferior 
were observed in the absence of structural pathological 
changes on T1wi. The tongue did not reveal any patho-
logical edematous change or pronounced fatty infiltration 
(Fig. 2I).

Respiratory function indices corresponded to the norm.
The RNS (rhythmic stimulation 3  Hz) revealed a 

M-response decrement in the mimic, pharyngeal and the 
proximal muscles of the upper extremities by 38% (Tab. I). 
The EMG in m. deltoideus, m. vastus lateralis, m. tibialis 
anterior showed normal values   of the MUAP amplitudes 
and durations while the MUAP polyphasia in the proximal 
muscles was increased up to 23-40%. In the m. erector spi-
nae at the L2-L4 levels, neurogenic changes were revealed, 
represented by the increased MUAP amplitudes - 1514 µV 
(292-3802 µV), with a normal MUAP duration - 11.9 ms 

(8.43-16.4), polyphase fibers - 9%; the interference pat-
terns corresponded to the neurogenic one. Signs of spon-
taneous activities included multiple fibrillation potentials, 
single fasciculations, and positive sharp waves. The num-
ber of fasciculations prevailed on the left side where MRI 
identified more pronounced edematous changes.

After a 2-month treatment, which consisted of gluco-
corticosteroids (0.8 mg/kg b.w.) administered each other 
day and five medium-volume plasma exchanges, patient 
1 reached a complete clinical remission. Methylprednis-
olone-dose was then gradually reduced and azathioprine 
(50 mg/day) was added.

A follow-up study 3 months after had been initiated 
showed the decreasing anti-MuSK antibodies to 7.26 IU/
ml. A complete regression of the paravertebral muscles 
edematous changes was seen at the MRI, but a moderate 
edema still persisted in m. rectus inferior. On the RNS, 
the elevated CMAP decrement in m. orbicularis oculi per-
sisted. The MUAP parameters of the paravertebral mus-
cle were in the normal range. No spontaneous activity 
was detected, but the MUAP polyphasia remained up to 
34%. QMGS score was 1/39 point (Fig. 1). The patient 2 
was MGFA class 0.

Discussion
The first clinical case was a rare example of an-

Figure 1. Patient 1, 51 (y.o.), with anti-MuSK MG had a disease duration of 5 months. There is edema of m. multifidus 
on STIR in the sagittal plane (A, B), in the coronal plane (C, D). Muscle weakness of the back extensors has been 
presented as a compensatory deviation of the trunk back when raising the arms up before and after treatment (E); 
edema of m. multifidus and m. erector spinae before and after therapy (F, G) on STIR in the axial plane; no pathologi-
cal changes in the muscles of the thighs and lower legs on STIR in the axial plane (H), the pathological changes are 
marked with white arrows.
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ti-MuSK myasthenia gravis, manifested with an isolated 
lesion of the paravertebral muscles, predominantly of the 
lower thoracic and lumbosacral regions. That lesion in-
cluded the pronounced difficulties in extending the trunk 
from bending forward and maintaining balance with arms 
extended forward. Previously, cases of primary involve-
ment of the paravertebral muscles were described only in 
children (7 years). They were accompanied by the devel-
oping scoliosis and atrophy of these muscles at the cer-
vical and thoracic levels  11,24. In both cases, the scoliotic 
deformity significantly decreased after treatment. The sec-
ond case was characterized by a milder involvement of the 
axial muscles than in the first case. In particular, there was 
a moderate “dropped head” syndrome in the evening and 
mild involvement of the lower thoracic and lumbar paraspi-
nal muscles, manifested by lumbar fatigue when standing. 
As it is known, the axial muscles are often involved at the 
cervical levels with the development of “dropped head” 
syndrome in patients with anti-MuSK MG 14,25-28, and even 
more often in patients over 60 years old with anti-AChR 
antibodies in 10% of cases 29,30, while in other anti-AChR 
patients, the lesion of the neck flexors prevails 31.

In both cases, primary involvement of the axial mus-
culature prompted a whole-body MRI scan to rule out my-

opathies. Unexpected edematous asymmetric changes in 
the paravertebral muscles were revealed. These changes 
were more pronounced in the first patient (the MR signal 
hyperintensity on STIR, T2-WI, iso/hypointensity on T1-
wi) in m. multifidus at the Th10-L5 levels and m. erector 
spine at the level of L5-S1 segments. Signal hyperinten-
sity on STIR in combination with spontaneous activity 
on EMG characterizes muscle denervation in the acute 
(up to 1 month) and subacute phases (1-6 months)  32,33. 
Such changes are due to the expansion of the capillary 
bed and the increasing intercellular fluids 34, already de-
veloping 48 hours after denervation  35. Similar changes 
can be observed not only during denervation, but also 
during primary muscle inflammatory processes, includ-
ing inflammatory myopathies  36. In both our cases, the 
presence of inflammatory myopathies was ruled out by 
normal level of CPK, AST, ALT, LDH, and myoglobin, as 
well as negative results of the myositis-associated and an-
timitochondrial antibodies. A STIR positivity at MRI has 
a sufficiently high relative sensitivity - 84% and specific-
ity - 100% for detecting denervation (acute and subacute 
phases) when compared with EMG 37,38. In chronic phase 
(more than 6 months), an increase in muscle fat content 
and muscle atrophy are observed, which is accompanied 

Figure 2. Patient 2 (44 y.o.) had anti-MuSK myasthenia gravis with a 7-month disease duration. Edema of m. multifidus 
was on STIR in the axial plane at the Th11-L1 levels before the treatment (A) and after the therapy (B). There was no 
significant deviation of the trunk when raising the arms up in the presence of moderate weakness in the back extensors 
(C). Weakness of the extraocular muscles. The motion range of the eyes before (D) and after the therapy (E); edemas 
of m. rectus lateralis and m. rectus inferior before the therapy (F), m. rectus inferior after the therapy (G) on   STIR in the 
coronal plane; absence of significant fatty infiltration in the tongue muscle according to T1-WI in the sagittal plane (H); 
appearance of patient’s tongue (I) (pathological changes are indicated by arrows).



Is paravertebral muscles edema a consequence of neurogenic changes in MuSK-positive myasthenia gravis?

183

by the development of the MR signal intensity on T1wi 
and a decrease in muscle mass. Similar changes are al-
so observed in functional immobilization (for example, 
tendon rupture) and hereditary muscular dystrophies 32,33.

In most of the previously reported cases of an-
ti-MuSK 24 and anti-AChR 39,40 MG, associated with the 
axial muscle damage (“dropped head” syndrome, camp-
tocormia), the MR signs of fatty infiltration and para-
vertebral muscle atrophy were described even with or 
without the glucocorticosteroid therapy. In patients with 
anti-AChR MG, a summation of similar MR-changes, 
the “myopathic” EMG patterns in paraspinal muscles 
and resistant camptocormia has been stated by a num-
ber of authors as an independent rare comorbid condi-
tion – “paraspinal myopathy”  41,42. Similar cases of the 
anti-AChR MG and “paraspinal myopathy” were de-
scribed in patients aged 70-85 years with a long course 
and poor control of MG symptoms. The presence of cases 
of reversible camptocormia, “dropped head” or “Leaning 
Tower of Pisa” syndrome during the treatment in patients 
with anti-AChR and anti-MuSK MG who have myopathic 
EMG signs with or without atrophy, but without fatty in-
filtration of the paravertebral muscles, probably indicates 
that the damage to this muscle group is one manifestation 
of myasthenia gravis  43-45. Thus, myasthenic weakness, 
leading to functional immobilization of the paravertebral 
muscles, probably determines the stage process of their 
affection. Initially, the development of early edematous 
changes is the same as for the acute and subacute phases 
of denervation, which corresponds to our cases. Subse-
quently, late changes, equivalent to chronic denervation, 
which corresponds to most of the previously described 
cases 41,42. This correlation indicates that the presence of 
the paravertebral-muscle lesion with anti-MuSK MG can 
lead to scoliotic deformity in childhood. At the same time 
in elderly patients with anti-MuSK, as well as anti-AChR 
MG, the paraspinal damages may cause camptocormia 
and “dropped head “syndrome.

The muscle MRI characteristics of the limbs in pa-
tients we described corresponded to the control muscles. 
The only exception was minimal signs of fatty infiltration 
in the lower extremities (grade 1 according to Mercuri), 
which was probably a consequence of a sedentary life-
style 46.

Besides, in two patients, there were no edematous 
changes, fatty infiltration and atrophy of the tongue, 
mimic and masticatory muscles, probably due to short 
disease duration (4-6  months). These findings contra-
dicted the typical signs of anti-MuSK MG, which were 
atrophy and fatty infiltration of m. orbicularis oculi, m. 
orbicularis oris, m. buccinators, tongue muscles  8, mm. 
pterygoidei, m. masseter and m. temporalis  9. In some 
cases, atrophy of the tongue muscles is reversible  24,47. 

The severity of atrophy and fatty infiltration depends on 
the duration of prednisolone therapy 8. However, in some 
cases, atrophies developed at an early stage even before 
the initiation of the treatment, which was most likely due 
to the independent role of anti-MuSK in this process 9,48. 
In particular, Punga, et al. (2011) showed that MuSK an-
tibodies induced functional denervation, resulting in in-
creased production of the skeletal-muscle-atrophy marker 
MuRF-1 (atrophy marker muscle-specific RING finger 
protein 1) 49 in a passively induced model of experimental 
autoimmune MG in mice 18,50. At the same time, a signifi-
cantly greater increase in mRNA levels of MuRF-1 was 
observed in the masticatory muscles, while those levels 
decreased in the limb muscles (m. soleus). These findings 
explained the peculiarities of the atrophy distribution in 
anti-MuSK MG  18,50. The progression of atrophy under 
the anti-MuSK influence was also realized through over-
expression of atrogin-1 and p21, which provoked a pre-
mature stop of the cell cycle and weakened the ability of 
satellite cells to replace lost muscle fibers 18,51,52.

Similar regularities were observed in the MR chang-
es of the oculomotor muscles in anti-MuSK MG. Thus, in 
our second case, severe ophthalmoplegia lasting 4 months 
was characterized by moderate edematous changes (ac-
cording to STIR) in m. rectus lateralis and m. rectus infe-
rior, which corresponded to MR signs of early functional 
denervation. Whereas in cases of prolonged ophthalmo-
paresis (2-14 years) with anti-MuSK MG, the MR signs 
of pronounced atrophy in extraocular muscles were ob-
served 5,6. In these cases, the least affected muscle was m. 
obliquus inferior.

Thus, muscular atrophy, especially of the mimic and 
bulbar muscles, has been a fairly common delayed conse-
quence of anti-MuSK MG, reflecting the disease duration, 
the delayed initiation of  therapy and/or the effect of pro-
longed exposure to high doses of glucocorticosteroids 53. 
The intricacy of mechanisms is supported by the variabil-
ity of the prevalence of atrophy in anti-MuSK MG, from 
5.7 54 to 23% 7. The assessment of muscle condition by 
MRI at the time of diagnosis is a important to estimate the 
possible functional recovery under therapy 6,9.

The CMAP decrement with RNS of 3  Hz was re-
vealed in both clinical cases, while the decrement curve 
had a steadily progressive character, in contrast to the 
U-shaped form in anti-AChR MG 55. In both cases, there 
was no hypercholinergic reaction after the first supramax-
imal stimuli that performed with additional potentials af-
ter the M-response 56. This result may be due to the short 
duration of the disease and the low doses of acetylcho-
linesterase inhibitor (AChEI) used (up to 180 mg/day of 
pyridostigmine bromide). In the first case, the decrement 
distribution of the examined muscles mainly reflected the 
focal nature of the lesion with maximum values   of the 
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CMAP decrement up to 65% in m. trapezius. Whereas the 
second case was clinically similar to the generalized form 
of anti-AChR, characterized by a more diffuse distribu-
tion of the M-response decrement. The maximum values   
of the CMAP decrement corresponded to those values 
in the most affected muscle groups. The significant vari-
ability in the decrement distribution in anti-MuSK MG 
substantiated the rationality of more extended studies. At 
the same time, the diagnostic significance increased from 
56.8 22 to 85% when the neuromuscular-conduction anal-
ysis included not only distal, but also proximal muscles of 
the extremities, as well as facial muscles 28,54,57.

Needle EMG was performed to determine the neuro-
genic nature of the hyperintense-signal areas (on STIR) 
of the paravertebral muscles. Paraspinal MUAPs had in-
creased amplitudes and normal durations with a slight-
ly increased polyphasia up to 14%. Whereas in the limb 
muscles without MR lesion signs, duration and amplitude 
MUAPs were normal, albeit with a significantly increased 
polyphasia up to 40%. Spontaneous activity was only de-
tected in the STIR hyperintense areas in the paravertebral 
muscles and represented by a significant number of fibril-
lation potentials, positive sharp waves, and single fascicu-
lation potentials. On turn-amplitude analysis, a neurogen-
ic pattern of the interference curve was observed in the 
paravertebral muscles, characterized by a high amplitude 
with a reduced or normal frequency of turns. In both cases 
after the therapy, the MUAPs almost completely returned 
to normal. However, in most studies of anti-MuSK pa-
tients, the myopathic nature of EMG changes was report-
ed: a decrease in the MUAP durations and amplitudes, 
the presence of fibrillation potentials  3,12,57. Myopathic 
MUAPs were observed in 62-80.6% of anti-MuSK pa-
tients in facial muscles 7,12, although in limb muscles, they 
were in 33-44% 7,13. It should be noted that the interpre-
tation of MUAP changes in anti-MuSK and anti-AChR 
is questionable, when different stages of the denervation 
process are not taken into account. In particular Farrugia, 
et al. (2007) indicated that in 50% of anti-MuSK patients 
with MUAP myopathic patterns in turn-amplitude anal-
ysis, the interference curve was characterized by high 
amplitudes and low frequency of turns 12. This result was 
interpreted as an insufficient strength of studied-muscle 
contraction, and not a sign of early functional denerva-
tion 12.

In cases with predominant lesions of the paraverte-
bral muscles, the myopathic nature of the MUAP changes 
was accompanied by muscle atrophy during a long dis-
ease course 11. At the same time, cases with a short dura-
tion of anti-MuSK MG and axial-muscle damages were 
described, characterized by reduced duration of MUAPs, 
increased polyphasia and pronounced spontaneous activ-
ity (fibrillation potentials, fasciculations, positive sharp 

waves), which was regarded as neurogenic changes and 
was a cause of amyotrophic lateral sclerosis (ALS) mis-
diagnosis 14-16,24. In some cases, EMG signs of fascicula-
tions were accompanied by clinically evident fascicula-
tions 16,58.

A similar nature of MUAP changes and the presence 
of spontaneous activity were described in studies of ex-
perimental autoimmune myasthenia gravis and in some 
clinical cases, in which denervation changes in the affect-
ed muscles were substantiated  18,19,21,59-65. The degree of 
nerve penetration in each muscle has been shown to cor-
relate with their endogenous MuSK levels 18,66.

Summing up the available data, in anti-MuSK my-
asthenia gravis, most researchers have considered these 
muscle damages as myopathic process  1,3,7,12,22. Whereas 
our clinical examples have confirmed the presence of 
neurogenic changes at an early stage of anti-MuSK myas-
thenia gravis and indicated importance of immediate ini-
tiation of pathogenetic therapy to avoid the development 
of muscle atrophy and fatty infiltration.
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Objective. Standards of care and new genetic and molecular therapies have 
contributed to increasing life expectancy of patients with neuromuscular dis-
eases (NMDs). This review presents the clinical evidence for an adequate tran-
sition from pediatric to adult care in patients with NMDs considering both 
physical and psychosocial aspects and attempts at identifying a general pat-
tern of transition in the literature that can be used for all patients with NMDs. 
Method. A search was performed on PubMed, Embase and Scopus using gener-
ic terms that could be referred to the transition construct specifically related to 
NMDs. A narrative approach was used to summarise the available literature. 
Results. Our review shows that few or no studies explored the transi-
tion process from pediatric to adult care in neuromuscular diseases and 
tried to identify a general pattern of transition applicable to all NMDs. 
Conclusions. A transition process taking into consideration physical, psychologi-
cal, social needs of patient and caregiver could produce positive outcomes. Howev-
er, there is still no unanimous agreement in the literature on what it consists of and 
how to achieve an optimal and effective transition.

Key words: transition, neuromuscular disorders, psychological care, social care, 
healthcare

Glossary

Transition: complex and gradual process, planned movement of 
young patients (starting at around the ages of 12 and 14) with chronic 
physical and medical conditions from child-centered to adult-oriented 
healthcare systems. Physical, psychological and social aspects of young 
patients and their caregivers are considered. It could have positive or neg-
ative outcomes on prognosis. It is an educational process.

Transfer: changing of adolescents or young adults with chronic phys-
ical or medical conditions from pediatric to adult care (owing to an event 
or series of events).
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Transitional program: a series of multidisciplinary 
measures to prepare adolescents to take charge of their 
own situation.

Introduction
Neuromuscular disorders (NMDs) are a genetical-

ly and phenotypically heterogeneous group of diseases 
affecting the neuromuscular system, namely the ante-
rior horn cell, the peripheral nerve, the neuromuscular 
junction, or the muscle itself. NMDs as a whole are 
not infrequent, but every single one of them is a rare 
or orphan disease (prevalence < 1 per 1,500 persons in 
the U.S. and <  1 per 2,000 persons in Europe). Their 
causes can be genetic (single gene disorder, polygenic 
disorder) or nongenetic (infectious, autoimmune, auto-
inflammatory) 1,2. Clinically, the vast majority of NMDs 
are progressive, impairing motor function and often re-
ducing life expectancy as well as quality of life. Age 
of disease onset varies. Some diseases are genetically 
inherited while others manifest in childhood or have an 
adult onset. For many decades, treatment of NMDs has 
been exclusively symptomatic but in recent years new 
genetic and molecular therapies and other focused on 
pathogenic effects are available or under development, 
provide hope for mitigating secondary pathophysiolog-
ical consequences or modifying the underlying genetic 
defect 3-5. NMDs need to be treated as systematic diseas-
es due to increased life expectancy resulting from com-
prehensive standards of care involving multidisciplinary 
and coordinated care and new therapeutic methods. For 
this reason, it is possible to witness an expansion of the 
phenotypic manifestations of the disease with new or 
previously subtle organ manifestations 6.

NMDs should be approached from a multiple per-
spective. For example, spinal muscular atrophies (SMAs) 
are a group of NMDs characterized by alpha motor neu-
ron degeneration in the spinal cord, resulting in muscle 
atrophy, weakness and paralysis 7,8. Given their complex-
ity, a multidimensional approach to the management of 
SMA is required, and no aspects should be treated inde-
pendently, such as social and psychological care 8. Along 
the same line, Duchenne muscular dystrophy (DMD) –
caused by mutations in the dystrophin gene resulting in 
complete absence or low levels of dystrophin protein 9 – 
should include a focus on mental and social health. In 
this multidimensional approach, issues related to transi-
tion from pediatric to adult care cannot be overlooked, 
just because the chances of survival have increased  10. 
As reported by Goselink and colleagues  11 transition is 
the process started by physicians to prepare the child or 
young adult and their family for transfer from pediatric to 
adult care. Nonetheless, even though progress in health 

care has increased life expectancy, support at home and 
in the community has not increased 12.

Transition should be carefully planned. Inadequate-
ly planned and gross transition processes could lead to 
negative outcomes related to mortality, prognosis, psy-
chosocial and educational well-being  13,14. All transition 
processes should be tailored specifically 15.

This paper presents a review on transition from child 
to adult care to illustrate the importance of an adequate 
transition process covering all aspects of NMDs. It high-
lights the clinical evidence and discusses the psychoso-
cial implications underlying positive outcomes in the 
transition process from pediatric to adult care for patients 
with neuromuscular diseases. An attempt is made to iden-
tify a possible “standardized” protocol that could be used 
in all patients with neuromuscular conditions.

Towards a definition

Transition is “the purposeful, planned movement of 
adolescents and young adults with chronic physical and 
medical conditions from child-centered to adult-oriented 
health-care systems”  16. Several definitions of transition 
can be found in the literature. For example, Moons et col-
leagues 17 distinguish between transition, transfer or tran-
sitional care. Transition is the passage from one phase of 
a person’s life, physical condition or social role to anoth-
er. It is also characterized by different stages, milestones, 
and turning points, and can be defined through process 
and/or terminal outcomes 18. It could be considered an ed-
ucational process that should begin before children reach 
adolescence 19. Transfer is the passage from pediatric to 
adult care of an adolescent or young adult with chronic 
physical or medical conditions. Transitional care is the set 
of medical, social, psychological, educational and profes-
sional measures to prepare adolescents to take responsi-
bility for their situation.

It is a crucial process that needs to be accurately 
planned to support families in the process and health care 
providers to define an appropriate transition plan 20,21.

The two terms – transition and transfer – cannot be 
used interchangeably. As reported by Tilton 22, transition 
is an extended and complex process that begins in early 
adolescence and offers a staged and gradual assessment 
of readiness as well as resources and education. Sawicki 
et colleagues 23 developed a useful tool for assessing read-
iness of youth with special healthcare needs.

To avoid worsening health conditions and lack of 
interest in services, it is necessary to bridge the gap be-
tween services for adults and children by identifying the 
key aspects of transition programs in a multidimensional 
perspective 24. The transition process should begin quite 
early, at around the age of 12 or 14, and should aim to 
progressively increase a person’s autonomy 25-27. It does 
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not end when the adolescent moves to adult-oriented care. 
In fact, it should be considered as an opportunity to re-
think diagnosis and management. In addition, adolescents 
should undergo psychosocial screening before and after 
moving to adult-oriented care 28.

Aho and colleagues 29  highlight how transition from 
childhood to adult age is an important phase because pa-
tients start to perceive the need to understand their life 
and make their life understood by the others. In addition, 
patients need to know what coping resources are available 
and give meaning to life. Therefore, support provided by 
health care professionals for future management of their 
disease becomes important.

Transition as a process does not involve solely young 
patients but also their parents. For example, individual 
or group psychological interventions could reduce their 
anxiety and worry about their children 30 . Family involve-
ment is important for a successful transition of youth with 
disabilities 31,32.

Methods
This review specifically focuses on transition for 

young patients with NMDs. The aim is to identify a “stan-
dardized” transition protocol that can be used with all 
young patients with NMDs. Given the small number of 
papers available on transition as a unique and non-pathol-
ogy-specific construct, we opted for a narrative approach 
vs a systematic review. As reported in the literature 33,34, 
there are no recognized guidelines for narrative reviews. 
A narrative review should however have a structured gen-
eral framework (rationale, organization of collected in-
formation, definition of objectives and goals) and follow 
a methodology in literature search (database, keywords, 
inclusion and exclusion criteria, list of references used). 
It could include a systematic review methodology, but 
this is not a necessary element. It may or may not include 
comprehensive search and/or quality assessment, and 
analysis may be chronological, conceptual, thematic, etc. 
It could be a good way for identifying omission or gaps 34.

A search was performed on PubMed, EMBASE, and 
Scopus using generic terms that could refer to the transi-
tion construct for NMDs. Keywords such as Duchenne 
muscular dystrophy (DMD) or spinal muscular atrophy 
(SMA), etc. were not included because we were looking 
for broadly adaptable references to different forms of 
neuromuscular diseases. Hence, we searched for terms 
such as “transition”, “neuromuscular diseases”, “neuro-
muscular disorders”, “transition process”. Non-English 
language studies and works were excluded. Only papers 
containing the selected keywords in the title and/or ab-
stract were considered for further analysis. No chronolog-
ical criteria were applied.

Thirteen articles were selected that specifically re-
flect the aforementioned criteria. Most of them try to deal 
with and deepen both the purely physical and the psycho-
social (and sometimes ethical) aspects in the transition 
processes in NMDs. However, only a few try to identify a 
model applicable to multiple NMDs.

Supplementary Table I reports the main articles con-
taining the selected keywords in the title and/or in the ab-
stract. It shows the aims and main topics of each article. 
Moreover, through an analysis of the entire text of each 
article, they were screened according to the topic of this 
review. 

Results
Neuromuscular disorders and transition process

Interest in transition from pediatric to adult care in 
NMDs is increasing. Key aspect do not only include med-
ical care but also psychological and social aspects, and 
increased survival requires rethinking educational, social 
and psychological services. For a successful transition 
and care, integration of wider social issues, involvement 
of young patients and their families in decision-making, 
support of patient advocacy groups, and proactive care 
are not to be overlooked  35,36. To improve patient out-
comes, an extensive transition program should focus on 
the patient’s physical, psychological and social develop-
ment and not only plan physical transfer from pediatric to 
adult care 37. However, particular attention should be paid 
to the needs and requirements of a wide range of people 
with different and more or less debilitating conditions in 
order to avoid negative outcomes. Involving adolescents 
in planning transition could be a good strategy. For ex-
ample, a key aspect is independence and it should be de-
termined whether is a goal to be pursued or not 15. For a 
young patient with a progressive neuromuscular disease, 
transition could be an intense period (both from a psycho-
logical and physical perspective) in which skills could be 
lost and dependence on others increases 38. Furthermore, 
understanding the personal characteristics as well as the 
needs and aspirations of young people could help provide 
the right health care 39.

The perspectives and needs of patients with NMDs 
should not be underestimated. Young people with NMDs 
report a similar view in the different forms of diseases, 
of the transition process. Care during transition should 
be consistent and tailored to the individual’s needs  10,40; 
access to a wide range of information should be guaran-
teed. The process should be gradual and timed and should 
include peer support programs 41. Therefore, mental and 
social health is a crucial aspect of the process. 

Family members need to be involved in planning. 
This allows professionals to make choices in line with 
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their needs and values, involve them in decision-making 
and provide adequate information in the right ways 38.

From a physical point of view, it is necessary to 
consider the progression of many signs and symptoms. 
For example, progressive muscle weakness as the main 
manifestation of DMD may become exacerbated in adult 
age owing to a lack of adequate and regular physical ac-
tivity 42. Therefore, a  multidisciplinary rehabilitation as-
sessment with interventions across all disease stages is 
recommended  9,42,43. Respiratory problems are another 
example. All or almost all therapies for respiratory man-
agement (e.g. monitoring of respiratory muscle function 
and the timely use of lung volume recruitment, assisted 
coughing, nocturnally assisted ventilation, and subse-
quent daytime ventilation) should be used even before 
transition from pediatric to adult care providers 44.

Health and physical care

For patients with NMDs, transition from pediatric to 
adult care is a critical phase. Key findings suggest that 
this process remains problematic with a gap between pe-
diatric and adult care services, including significant dif-
ferences in clinical practice and culture with a tendency 
for the adult physician to focus more on specific medical 
aspects as opposed to a global, interdisciplinary view. 
The transition process should ensure a plan for ensuring 
continuity of care with pediatricians 10.

The pediatric team should initiate the process grad-
ually by educating patient and caregiver, identifying the 
practitioner in charge, updating key management plans, 
addressing key problem areas, and assessing readiness to 
transfer at each visit 45. An up-to-date and accessible med-
ical record may be useful and help the team to collaborate 
actively and jointly 46.

Monitoring patients with chronic conditions allows 
to observe recurring themes present and relevant in most 
NMDs, attributed to the specific muscle or nerve disease 
and its effect on other areas of the body 47.

Brown and colleagues 26 suggest that young patients 
and their caregivers should be involved in transition plan-
ning (at least once a year) through scheduled visits start-
ing from age 13. Indeed, as mentioned above, the recom-
mended age for an effective transition is between 12 and 
14 years old 25-27. These visits should address: the young 
person’s medical condition; current medications and any 
side effects; genetic counseling and reproductive impli-
cations of the condition; issues related to sexuality and 
puberty; psychological well-being; any additional tests or 
assessments to be performed prior to transfer; a current 
assessment of the young person’s understanding of his/
her diagnosis and prognosis (if with severe cognitive im-
pairment, plans are established for legal guardianship). 
Physicians should provide transparent information and 

guidance to patients on the management of the terminal 
phase of NMDs, too. But often this type of communica-
tion occurs at a late stage 48. 

During adolescence, therefore, transition from child-
hood to adulthood, symptoms and signs may progress. 
For this reason, rehabilitation or support should be pro-
vided. The main areas of intervention may concern the 
muscular and skeletal system, the respiratory system, 
cardiological aspects and consequences, gastrointestinal 
and nutritional problems, the endocrine system, kidneys 
problems, orthopedic problems  42,43,49-55. Patients with 
NMDs should attend follow-up visits on a regular basis, 
otherwise their risk of developing complications typical 
of NMDs or of their progression increases. 

Emergency care planning is another key component 
of transition. Appropriate and timely interdisciplinary 
emergency management is critical for survival in these 
patients. Emergency cards (ECs) are provided for this pur-
pose to patients and caregivers as a way to ensure timely 
and appropriate relief for these patients with unique and 
complex medical needs 56.

Obviously, then, transition from pediatric to adult 
care in patients with NMDs is complex and requires ef-
fective organization and planning.

Patients and caregivers: psychological care and 
implications

For a successful and useful transition from pediat-
ric to adult care, psychological aspects in neuromuscu-
lar diseases should not be underestimated. For example, 
patients with SMA often experience anxiety, depression, 
and social isolation in response to increased symptom-re-
lated stress. However, mental health remains one of the 
unmet needs 7,57. 

A high prevalence of depression and anxiety was 
found among school-age patients (age 8-18 years) with 
SMA and other muscular disorders. Prevalence seems 
to differ across school types, academic delay, household 
SES, clinical characteristics of disease, caregivers’ men-
tal health and expectations. No gender-related differences 
emerged 58,59. This confirms once more the importance of 
making the transition process consistent with the young 
patient’s needs and their family’s.

With regard to dystrophies, it has been suggested 
that dysfunctions in dysbindin due to alterations in dys-
trophin could increase the risk of depression 60,61. Some 
studies point to an increased incidence of anxiety and 
obsessive-compulsive disorder among children and ado-
lescents with DMD  62-64. Other emotional, affective and 
behavioural disorders, such as aggression, may also be 
present 65,66. Physical symptoms may increase stress, es-
pecially in DMD vs Becker muscular dystrophy (BMD), 
the latter causing a less severe physical impairment  67. 
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Affective disorders should not be regarded as secondary 
conditions because they are not caused by mental retar-
dation or physical disability. Furthermore, environmental 
and/or social factors, such as bullying, can affect mental 
health in NMDs 68,69.

Families often do not know what to do during the 
transition process, and young patients sometimes avoid 
telling their families how they feel about their disease or 
try to hide them to protect their parents 12,70. Parents, on 
their part, feel useless or hopeless, which interferes with 
daily life. This may increase the risk of a major depressive 
episode 71. Erby and colleagues 72 highlight that parents 
are afraid to explain the terminal nature of the disease to 
their children, and these fears could impact communica-
tion within families about care planning issues.

Because of the limited nature of screening, regular 
mental health assessments ensure continuity of care and 
provide longitudinal measures of the psychological state 
of the patient and families  73. As previously reported, 
caregivers may experience stress as well as emotional and 
physical burden. One study reported more than fifteen 
components of caregivers burden, including stress, pain, 
anxiety, depression, sleep quality, and sexual function 74 .

In addition, periodic neuropsychological assessments 
are advisable. There may be a correlation between mo-
lecular defects in genes mainly responsible for muscle 
diseases and cognitive impairment or between neuro-
logical findings and intellectual disability  75. Therefore, 
active collaboration between professionals, patients and 
caregivers is necessary to ensure optimal transition in this 
critical period.

Social care and implications

The importance of social skills and social support 
during transition processes is an understudied topic in 
the literature. A combination of psychoeducational, psy-
chosocial, relationship-centered, family-based education, 
support, communication, problem solving, and skills de-
velopment interventions is recommended  76. It appears 
that poor social and interpersonal behavioural skills are 
more significant than an increase in depressive and anx-
ious behaviorus in boys with DMD 77. In the same study, 
many boys with DMD display relevant social problems, 
such as poor peer relationships and immaturity. Further-
more, patients with NMDs could experience an important 
change in their social relationships, characterized by feel-
ings of loneliness and isolation 78.

Especially adolescents express the need for meaning-
ful relationships with professionals, family and friends 
looking for greater support in daily life 79. 

Children with NMDs may show a particular behav-
ioral phenotype with difficulties in social interaction and 
communication and probable issues in theory of mind 80. 

DMD and BMD boys appear to have a higher level of so-
cial and communication difficulties compared with chil-
dren with other muscular disorders or with the general 
population 81.

Poor social support could lead to problematic be-
haviours. As reported by Fee and Hinton 82, problematic 
behaviours decrease with increased social involvement, 
which acts as a protective factor and also leads to a re-
duction in internalizing problems. Social closeness with 
peers with similar life experiences can enhance the phys-
ical and psychological well-being of young people with 
NMDs (or, in general, with disabilities) 83.

Finally, turning to the needs of young people, in-
formation on more intimate aspects should be collected, 
including desire for intimacy, sexuality and family plan-
ning. In point of fact, the need to explore one’s identi-
ty arises in adolescence, but it becomes manifest above 
in early adulthood, when individuals start to think how 
to structure their life – both private and professional  84. 
There are not many studies that focus on employment 
needs of young people with NMDs during transition in-
to adulthood. As reported by Lindsay et al. 85, transition 
plans from an occupational point of view are insufficient. 
Young people with NMDs experience severe disadvan-
tages during transition to adulthood, especially in pursu-
ing meaningful occupations, such as school, volunteer-
ing, employment, social and recreational activities. Thus, 
unemployment, social isolation and depression are wide-
spread among this population. An important intervention 
in this area could be geared to increase self-esteem of 
young patients with NMDs 40.

Discussion
This review highlights how transition from pediatric 

to adult care in NMDs is a process not just encompassing 
physical aspects but also psychological and social ones. 
It thus required a multidisciplinary approach (Fig.  1). 
The literature on transitional care is still fragmented and 
vague, although the increasing importance of psychoso-
cial factors 10,86,87.

However, it is indisputable that correct physical pro-
gramming is essential for a transition with positive out-
comes. Periodic and continuous checks regarding the 
medical condition, pharmacological and genetics and a 
preparation of the patient regarding his own diagnosis 
and prognosis are very important aspects. Collaboration 
between professionals is an essential condition for a suc-
cessful transition. A gap in transition planning emerges 
for most adolescents, both with and without mental, be-
havioural and/or developmental disorders 88.

The findings of this review, even if not systematic, 
can be grouped into three macro-areas of interest: health 
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and physical needs, young patients’ and caregivers’ psy-
chological needs, and social aspects.

Regarding psychological care, young patients are 
more likely to show internalizing and externalizing prob-
lems (such as anxiety, depression, aggression) during 
this phase, as seen in some studies 59. Moreover, anxiety 
seems to mediate the relationship of negative coping and 
transition readiness in youths 89. Furthermore, social in-
volvement – in general – and social closeness with peers 
– in particular – are related to the patients’ well-being 82,83.

Another aspect that should not be overlooked is care-
giver distress 71. Parental or caregiver stress increases in 
the transition period mainly due to problems with social 
interaction 90.

Clearly, children and adolescents have different needs 
and demands (medical, psychological and social) which 
need be reconciled. For an optimal transition, physical 
care, emotions, social involvement, education, sexuality, 
family implications, job possibilities, and advocacy need 
to be addressed. Improving transition from adolescent to 
adult health care may be considered a real goal to achieve 
good care outcomes for individuals with chronic condi-
tions 91. This shows once again how an optimal transition 
process involves the collaboration of several profession-
als 45 and active participation of patients and caregivers.

Conclusions
This work has some limitations. Indeed, this is a 

non-systematic review of the literature. For this reason, it 
lacks an explicit intent to maximize scope or analyse data 
collected, and therefore there could be some bias 34, but 
our main purpose was to stress that transition should not 
only be planned taking into consideration physical aspects 
but also psychological and social aspects, namely imple-
menting a multidisciplinary model of intervention 92. We 
found that few or no studies explored the transition pro-
cess from pediatric to adult care in neuromuscular diseas-
es and attempted to identify a general pattern of transition 
applicable to all NMDs. Studies in the literature provide 
fragmented findings due to the different manifestations 
of NMDs and do not delve into topics such as sexual 
activity, family planning or the social impact of neuro-
muscular diseases  10 or do the psychosocial aspects  8,93. 
Most studies do not report longitudinal or outcome data 
on successful transition in patients with NMDs. It might 
be useful to start drafting unique general guidelines for 
the transition process from pediatric to adult care that can 
take into account physical, psychological and social as-
pects and that can be applied to all patients with NMDs. 
Rather than drawing up general guidelines, the greatest 

Figure 1. Successful factors for transition from pediatric to adult care in a multidisciplinary perspective. 
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difficulties could arise on a practical level. For example, 
it may be difficult to interconnect and coordinate a large 
number of individuals or to afford the costs, given that 
patients would have to be followed up by multiple spe-
cialists or specialists may not be adequately trained in the 
field of transition 6.
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Torin1 restores proliferation 
rate in Charcot-Marie-
Tooth disease type 2A cells 
harbouring MFN2  
(mitofusin 2) mutation

Paola Zanfardino1, Alessandro Amati1, Easter Anna Petracca1,  
Filippo M. Santorelli2, Vittoria Petruzzella1 
1 Department of Translational Biomedicine and Neuroscience (DiBraiN), 
University of Bari “Aldo Moro”, Bari, Italy; 2 Molecular Medicine for 
Neurodegenerative and Neuromuscular Diseases Unit, IRCCS Fondazione Stella 
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Objective. Mitofusin 2 (MFN2) is a mitochondrial outer membrane protein that 
serves primarily as a mitochondrial fusion protein but has additional functions 
including the tethering of mitochondrial-endoplasmic reticulum membranes, 
movement of mitochondria along axons, and control of the quality of mitochon-
dria. Intriguingly, MFN2 has been referred to play a role in regulating cell pro-
liferation in several cell types such that it acts as a tumour suppressor role in 
some forms of cancer. Previously, we found that fibroblasts derived from a Char-
cot-Marie-Tooth disease type 2A (CMT2A) patient with a mutation in the GT-
Pase domain of MFN2 exhibit increased proliferation and decreased autophagy.  
Methods. Primary fibroblasts from a young patient affected by CMT2A har-
bouring c.650G  >  T/p.Cys217Phe mutation in the MFN2 gene were evaluated 
versus a healthy control to measure the proliferation rate by growth curves anal-
ysis and to assess the phosphorylation of protein kinase B (AKT) at Ser473 in 
response to different doses of torin1, a selective catalytic ATP-competitive mam-
malian target of rapamycin complex (mTOR) inhibitor, by immunoblot analysis.  
Results. Herein, we demonstrated that the mammalian target of rapamy-
cin complex 2 (mTORC2) is highly activated in the CMT2AMFN2 fibroblasts 
to promote cell growth via the AKT(Ser473) phosphorylation-mediated sig-
nalling. We report that torin1 restores CMT2AMFN2 fibroblasts’ growth rate 
in a dose-dependent manner by decreasing AKT(Ser473) phosphorylation. 
Conclusions. Overall, our study provides evidence for mTORC2, as a novel mo-
lecular target that lies upstream of AKT to restore the cell proliferation rate in 
CMT2A fibroblasts. 

Key words: Charcot-Marie-Tooth type 2A2, mitofusin2, AKT, cell proliferation, 
mTORC2

Introduction
Charcot-Marie-Tooth disease type 2A (CMT2A) (OMIM 609260), 

is an autosomal dominant inherited sensorimotor neuropathy affecting 
peripheral nerve axons, that has causative mutations in the mitofusin 2 
(MFN2) gene located in chromosome 1 (chr1:11.998.820). This gene en-
codes for mitofusin 2 (MFN2) protein which is related to dynamin family 
GTPases. MFN2 protein has pleiotropic cellular roles, which include par-
ticipation in mitochondrial fusion, mitochondria–endoplasmic reticulum 
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tethering, mitochondrial trafficking along axons, and mi-
tochondrial quality control  1. MFN2 is also involved in 
the regulation of cell survival and for this reason, it has 
been of interest in the cancer field 2. Cellular proliferation 
is closely dependent on the dynamics of mitochondria 
as it has been shown that high levels of mitochondrial 
fission are associated with active proliferation and the 
maintaining of mitochondrial hyper-fused morphology 
can regulate the cell transition from G1 to the S phase 3,4. 
To date, several studies in CMT2A harbouring a mono-al-
lelic mutation in MFN2 with autosomal dominant inher-
itance have not been conclusive on the molecular mech-
anisms causing cellular alterations. Efforts have been 
mainly focused on respiratory chain capacity, oxidative 
phosphorylation 5,6, mitochondrial membrane potential  6 

or mitochondrial DNA (mtDNA) content  5,7, reporting 
extremely variable results, whereas most of the studies 
about the role of MFN2 in autophagy and proliferation 
have been performed in tumour cells. In a previous study, 
we analyzed both the mitochondrial and cellular pheno-
types in CMT2AMFN2 fibroblasts harbouring a monoal-
lelic MFN2650G>T/C217F mutation in the GTPase domain 8,9, 
which has been classified as “likely pathogenic” from the 
ACMG 10. We found that CMT2AMFN2 fibroblasts present-
ed an increase in the so-called intermediate-fragmented 
mitochondria; an inefficient capacity in recovering mito-
chondria morphology upon removal of a stressful insult; 
the depolarization of the mitochondrial membrane, and 
impaired respiration due to a significant reduction of re-
spiratory complexes’ activities. Hence, we asked whether 
the presence of damaged mitochondria in CMT2AMFN2 
cells would promote their clearance through the stimu-
lation of autophagy/mitophagy. We observed a decrease 
in autophagosome formation leading to a reduction of the 
autophagy process initiation and consistent acceleration 
of cell division. Interestingly, we found that amongst the 
highest differentially expressed genes in CMT2AMFN2 
fibroblasts, those controlling cell proliferation, extra-
cellular matrix organization, and the phosphoinositide 
3-kinase (PI3K)/AKT/mTOR signalling pathway were 
mostly represented 8,9. Based on this evidence and on the 
findings that mTORC2/AKT signalling pathway is highly 
elevated in MFN2 knocked-out cancer cells 11, we decid-
ed to verify whether mTORC2 activation was involved in 
the regulation of CMT2AMFN2 fibroblasts proliferation. In 
the present paper, we studied the AKT(Ser473) phosphor-
ylation which is the target of the mTORC2 kinase activ-
ity  12-14 and consistently found that mTORC2-AKT sig-
nalling is activated in CMT2AMFN2 cells. We showed that 
treatment with torin1, a pharmacological and competitive 
inhibitor of mTOR, resulted in attenuation of CMT2AM-

FN2 fibroblasts proliferation rate, suggesting that this path-
way is an important actor in CMT2A pathogenesis. 

Materials and methods
Cell culture and reagents

Primary fibroblasts from a young patient affected by 
CMT2AMFN2 (c.650G>T/p.Cys217Phe) and a healthy con-
trol (individual with no histological or biochemical signs 
of mitochondrial disease), were obtained as reported in 8 

after informed consent. Cells were grown in high-glucose 
Dulbecco’s modified Eagle’s medium (DMEM; Euro-
Clone, ECB7501LX10) supplemented with 10% (v/v) 
fetal bovine serum (FBS; EuroClone, ECS5000L), 1% 
(v/v) L-glutamine (E EuroClone, ECB3000D), 1% (v/v) 
penicillin/streptomycin (EuroClone, ECB3001D), 50µg/
ml of uridine (Sigma-Aldrich, U3003), in a humidified 
incubator at 37°C and 5% CO2 avoiding confluence at 
any time. All experiments were performed on cells with 
similar passage numbers, ranging from 5 to 8, to avoid 
any artefact due to senescence. For the experiments, 
growing cells were plated on sterile plastic dishes or 
flasks and allowed to adhere for at least 24 h before use. 
Torin1 (MedChemExpress, USA) was used at 0.1, 0.25 
and 0.5 µM for 72 h, and DMSO as a vehicle.

Growth curves 

CMT2AMFN2 fibroblasts and control cells were seed-
ed in 24-well plates and grown for 3 days in presence of 
torin1 at 0.1, 0.25 and 0.5 µM and DMSO as vehicle-only 
treatment conditions. Cells were harvested by trypsiniza-
tion and counted by hemocytometer every 24 h from day 
1 to day 3. Cells were examined with Zeiss Primovert 
(Zeiss, Germany). A total of three individual experiments 
were performed.

Immunoblot analysis

For each treatment, fibroblasts grown on plates were 
collected at the confluence and homogenized in RIPA 
buffer (ThermoFisher Scientific, 89900) supplemented 
with proteases (Cell Signaling, 5871) and phosphatase 
(Cell Signaling, 5870S) inhibitors. The cells were soni-
cated on ice and centrifuged for 10 min at 16,000×g at 
4°C and the protein concentrations were determined by 
Bradford assay (Bio-Rad, 500-0006). Thirty μg of cell 
proteins were lysed and denatured in Laemmli Buffer 
2X (Bio-Rad, 1610737) separated by SDS-PAGE using 
homemade 10% separating gel and then transferred onto 
PVDF membranes using a Trans-Blot transfer apparatus 
(Bio-Rad, California, USA). The blocking agents used 
were 5% nonfat dry milk before overnight incubation 
with anti-phospho AKT (Ser473) and anti-GAPDH and 
Everyblot (Bio-Rad, 12010020) before overnight incuba-
tion with anti-total AKT antibodies. 

Western blots were performed using primary anti-
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bodies at the dilution of 1:1000 for anti-phospho AKT 
(Ser473) (Cell Signaling Technology D95), 1:2000 for 
anti-total AKT (Cell Signaling Technology, 40D4) and 
1:15000 for anti-GAPDH (ProteinTech, 60004-1-Ig). 
Peroxidase Affinity Pure goat anti-mouse IgG and goat 
anti-rabbit IgG (Bio-Rad, 1706516 and 1706515, respec-
tively) were added for 1  h at room temperature in the 
same buffer used for the primary antibodies. According 
to the manufacturer’s instructions, reactive bands were 
detected using Clarity Western ECL Substrate (Bio-Rad, 
1705061). Image acquisition was performed by the LI-
COR C-Digit blot scanner and densitometric analysis 
was performed by the Image Studio Acquisition software 
(Licor, Lincoln, NE).

Statistical analysis

All statistical analyses were performed using 
PRISM® 7.04 in analytical software (GraphPad Software 
Inc, San Diego, CA) and Excel (Microsoft, Inc.). Results 
were expressed as average values ± SD of at least three 
independent determinations, each performed in tripli-
cate, if not otherwise specified using CMT2AMFN2 ver-
sus sex and age-matched control fibroblasts. Statistical 
significance was calculated using Student’s t parametric 
test set at: *p < 0.05; **p < 0.01; and ***p < 0.001; and 
****p < 0.0001. A one-way analysis of variance (ANO-
VA) test was performed to examine the differences be-
tween more than two dependent groups. The Bonferroni 
correction was used for multiple comparisons.

Results
Torin-1 restores CMT2AMFN2 fibroblasts’ growth rate by 
decreasing AKT(Ser473) phosphorylation in a dose-
dependent way 

We have already demonstrated that inhibition of 
AKT activity with miransertib restores cell proliferation 
and autophagy in CMT2AMFN2 fibroblasts’ 8,9. To further 
dissect the mTOR/AKT signalling pathway involvement, 
we used a selective catalytic ATP-competitive mTOR 
inhibitor, i.e., torin1, to reverse the effect of mTOR ac-
tivation and prove that it is involved in the increase of 
cell proliferation rate of CMT2AMFN2 fibroblasts. We 
evaluated the antiproliferative activity of torin1 at 0.1, 
0.25 and 0.5 µM for 72 h. We showed that the treatment 
caused a decrease in CMT2AMFN2 fibroblast growth rates 
compared to vehicle-only (DMSO)-treated cells as well 
as for the control fibroblasts according to the different 
inhibitor doses (Fig.  1). Since cell proliferation is con-
trolled by mTORC2 through AKT(Ser473) phosphoryla-
tion  12-14, we evaluated mTORC2 activity by measuring 
the level of AKT-phosphorylation at Ser473 in CMT2AM-

FN2 fibroblasts. We found a very significant increase of 
AKT(Ser473) phosphorylation in basal conditions of 
CMT2AMFN2 compared to control fibroblasts. The inhibi-
tion by torin1 reduced AKT(Ser473) levels more strik-
ingly in the mutant rather than in control fibroblasts. In 
detail, when we compared the levels of AKT(Ser473) at 
0.5 uM torin1, we found no signal in mutant compared 
to control fibroblasts, despite the level of AKT(Ser473) 
in untreated conditions being much higher in mutant 
than in control. Furthermore, torin1 treatment was able 
to significantly reduce the abundance of AKT(Ser473) 
in a dose-dependent manner in CMT2AMFN2 fibroblasts 
(Fig.  2). The decreased cell proliferation rate reflected 
the different levels of AKT phosphorylation at Ser473. 
Taken together, these results suggested that the mTORC2 
pathway is more activated in CMT2AMFN2 than in healthy 
control fibroblasts and highlighted the dependence of cell 
proliferation on this signalling pathway. 

Discussion
The molecular mechanism by which MFN2 muta-

tions lead to the disease and, importantly, how this mecha-
nism can be tackled to modify CMT2A2’s natural history 
is intensely studied 1,5-7,15-17. Recently, our laboratory has 
shown that human CMT fibroblasts harbouring heterozy-
gous single nucleotide substitution c.650G > T in MFN2, 
featured increased cell proliferation and downregulation 
of the autophagy process initiation. The transcriptomic 
analysis helped us to deep into the molecular pathways 
responsible for the dysfunctions found in CMT2AMFN2 fi-
broblasts. Most of the differentially expressed genes were 
enriched in cell population proliferation, extracellular 
matrix organization, and PI3K/AKT/mTOR signalling 
pathway. PI3K/mTOR/AKT signalling pathway has been 
proven to serve an important role in regulating cell pro-
liferation, differentiation, autophagy, and apoptosis 18-22. 

Based on this evidence, we showed that AKT acti-
vation is crucial in the regulation of proliferation in CM-
T2AMFN2 fibroblasts. Previously, we proved that the selec-
tive pharmacological inhibition of AKT with miransertib 
allowed for the restoration of the autophagy and cell pro-
liferation rate in CMT2AMFN2 cells 8,9. In the present study, 
we deepened the molecular mechanism responsible for 
the increased cell proliferation in CMT2AMFN2 fibroblasts 
focusing on mTORC2. We considered that mTORC2 
mainly controls cell proliferation through the regulation of 
the phosphorylation status of AKT at Ser473 12-14. To this 
aim, we investigated AKT phosphorylation in CMT2AM-

FN2 cells, using torin1, a selective catalytic ATP-compet-
itive mTOR inhibitor. Our results provide evidence of a 
strong increase of mTORC2-dependent phosphorylation 
of AKT(Ser473) in mutant fibroblasts. Torin1 treatment 
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showed anti-proliferative activity in CMT2AMFN2 cells by 
decreasing AKT(Ser473) phosphorylation in a dose-de-
pendent manner. We derived that in agreement with the 
known anabolic effects of mTORC2/AKT pathway acti-
vation, the CMT2AMFN2 fibroblasts showed a remarkable 
increase in cell proliferation that can be reduced by the 
pharmacological targeting of mTORC2. This study rein-
forces our previous results confirming the involvement of 
the mTORC2/AKT pathway in CMT2AMFN2 disease. Act-
ing on this pathway both miransertib and torin1 produce 
similar effects on cell proliferation. Herein, we showed 
that this pathway, extensively studied in cancer, can also 
be important in the pathogenesis of the neurodegenera-
tive disease. PI3K/AKT/mTOR pathway is necessary to 
promote growth and proliferation over differentiation of 
adult stem cells, neural stem cells specifically 23. It would 
be worth investigating the role of the PI3K/AKT/mTOR 
pathway in a cell system closely related to the disease, 

such as neuronal stem cells generated from CMT2A2 
patients to understand if PI3K/AKT/mTOR signalling 
alterations could impact neural stem cell survival/differ-
entiation. Overall, our results unveil mTORC2/AKT as 
novel potential targets that play a role in CMT2A2 patho-
physiology.

Conclusions 
In conclusion, our evidence showed that CMT2AM-

FN2 fibroblasts harbouring heterozygous single nucleotide 
substitution c.650G > T MFN2 showed increased prolif-
eration because of mTORC2 activation. Considering that 
MFN2 is defined as a tumour suppressor, and based on 
our previous findings, we can hypothesize that MFN2 
mutation may act as a dominant trait on cell prolifera-
tion, giving thus an unchecked trait on the cell division. 
Torin1 treatment can restore the cellular growth rates of 

Figure 1. The cell growth rate of control and CMT2AMFN2 fibroblasts treated both with torin1 at 0.1, 0.25 and 0.5 µM 
and only vehicle (DMSO) for 72 h. Representative images of cells treated both with vehicle (DMSO) and torin1 at 0.1, 
0.25 and 0.5 µM are shown. Data are presented as mean ± SD (n = 3). P-values refer to both control and CMT2AMFN2 
fibroblasts. Student’s t-test; ∗P < 0.05; ∗∗P < 0.01, ∗∗∗P < 0.001, ****P < 0.0001. A one-way ANOVA test with Bonferroni’s 
correction was performed for multiple comparisons.
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CMT2AMFN2 fibroblasts in a dose dependent-manner act-
ing on the AKT(Ser473) phosphorylation. Overall, these 
data established the dependence of cell proliferation on 
the mTORC2 pathway that thus represents a new poten-
tial actor in CMT2A2 pathophysiology.

Acknowledgements

We thank the patients’ associations MITOCON, 
UILDM (Unione Italiana Lotta alla Distrofa Musco-
lare), and CollaGe-Associazione-Genitori-Manzoni-Po-
li-Molfetta.

Conflict of interest statement

All authors have read and agreed to the published 
version of the manuscript. The Authors alone are respon-
sible for the content and writing. No potential competing 
interest was reported by the authors.

Funding

This work was funded by REGIONE PUG-
LIA-MALATTIE RARE-Petruzzella, Uff. Pres.n. 246-10 
ott. 2019 “Neuropatie ereditarie in Puglia: meccanismi 
patogenici e nuove strategie terapeutiche – NeurApulia” 
and by donations of Parents’, Associations (VP) and Op-
era Pia Foundation (PZ, AA) by the Italian Ministry of 
Health-Ricerca Corrente2021- 5X1000 (FMS).

Author’s contributions

PZ, VP: designed the research; FMS: provided the CM-
T2AMFN2 fibroblasts; PZ, AA, EAP: performed the research 
and analyzed the data; PZ, VP: wrote the manuscript. 

Ethical consideration

As reported in ref. 8, the family’s patient signed in-
formed consent for research use of clinical data.

Figure 2. Representative western blot images of p-AKT(Ser473) and t-AKT in total cell lysates from CMT2AMFN2 and 
healthy control fibroblasts treated with torin1 at 0.1, 0.25 and 0.5 µM and vehicle-only (DMSO) for 72 h. Each signal 
was normalized to the GAPDH signal and densitometrical analysis of p-AKT(Ser473):t-AKT was performed. Data are 
presented as mean ± SD (n = 3). Student’s t-test; ∗P < 0.05; ∗∗P < 0.01, ∗∗∗P < 0.001, ****P < 0.0001. A one-way ANOVA 
test with Bonferroni’s correction was performed for multiple comparisons.



Paola Zanfardino et al.

206

References
1 Filadi R, Pendin D, Pizzo P. Mitofusin 2: from functions to 

disease. Cell Death Dis 2018;9:330. https://doi.org/10.1038/

s41419-017-0023-6

2 Xin Y, Li J, Wu W, et al. Mitofusin-2: a new mediator of patholog-

ical cell proliferation. Front Cell Dev Biol 2021;9:647631. https://

doi.org/10.3389/fcell.2021.647631

3 Chen H, Chan DC. Mitochondrial dynamics in regulating the 

unique phenotypes of cancer and stem cells. Cell Metabolism 

2017;26:39-48. https://doi.org/10.1016/j.cmet.2017.05.016

4 Mitra K, Wunder C, Roysam B, et al. A hyperfused mitochondrial 

state achieved at G 1-S regulates cyclin E buildup and entry into 

S phase. Proc Natl Acad Sci USA 2009;106:11960-11965. https://

doi.org/10.1073/pnas.0904875106

5 Amiott EA, Lott P, Soto J, et al. Mitochondrial fusion and function 

in Charcot-Marie-Tooth type 2A patient fibroblasts with mitofusin 

2 mutations. Experimental Neurology 2008;211:115-127. https://

doi.org/10.1016/j.expneurol.2008.01.010

6 Loiseau D, Chevrollier A, Verny C, et al. Mitochondrial coupling 

defect in Charcot-Marie-Tooth type 2A disease. Ann Neurol 

2007;61:315-323. https://doi.org/10.1002/ana.21086

7 Vielhaber S, Debska-Vielhaber G, Peeva V, et al. Mitofusin 2 mu-

tations affect mitochondrial function by mitochondrial DNA deple-

tion. Acta Neuropathol 2013;125:245-256. https://doi.org/10.1007/

s00401-012-1036-y

8 Zanfardino P, Longo G, Amati A, et al. Mitofusin 2 mutation drives 

cell proliferation in Charcot-Marie-Tooth 2A fibroblasts. Hum Mol 

Genet 2022:ddac201. https://doi.org/10.1093/hmg/ddac201

9 Zanfardino P, Petruzzella V. Autophagy and proliferation are dys-

regulated in Charcot-Marie-Tooth disease type 2A cells harboring 

MFN2 (mitofusin 2) mutation. Autophagy Rep 2022;1:537-541. 

https://doi.org/10.1080/27694127.2022.2132447

10 Richards S, Aziz N, Bale S, et al. Standards and guidelines for the 

interpretation of sequence variants: a joint consensus recommen-

dation of the American College of Medical Genetics and Genom-

ics and the Association for Molecular Pathology. Genetics Med 

2015;17:405-424. https://doi.org/10.1038/gim.2015.30

11 Xu K, Chen G, Li X, et al. MFN2 suppresses cancer progres-

sion through inhibition of mTORC2/Akt signaling. Sci Rep 

2017;7:41718. https://doi.org/10.1038/srep41718

12 Saxton RA, Sabatini DM. MTOR Signaling in growth, metabolism, 

and disease. Cell 2017;168:960-976. https://doi.org/10.1016/j.

cell.2017.02.004

13 Sarbassov DD, Guertin DA, Ali SM, et al. Phosphorylation and 

regulation of Akt/PKB by the rictor-mTOR complex. Science 

2005;307:1098-1101. https://doi.org/10.1126/science.1106148

14 Hong S, Inoki K. Evaluating the m mTOR Pathway in physiological 

and pharmacological settings. Methods Enzymol 2017;587:405-

428. https://doi.org/10.1016/bs.mie.2016.09.068

15 Baloh RH, Schmidt RE, Pestronk A, et al. Altered axonal mitochon-

drial transport in the pathogenesis of Charcot-Marie-Tooth Disease 

from Mitofusin 2 mutations. J Neurosci 2007;27:422-430. https://

doi.org/10.1523/JNEUROSCI.4798-06.2007

16 Larrea D, Pera M, Gonnelli A, et al. MFN2 mutations in Char-

cot-Marie-Tooth disease alter mitochondria-associated ER mem-

brane function but do not impair bioenergetics. Hum Mol Genet 

2019;28:1782-1800. https://doi.org/10.1093/hmg/ddz008

17 Rizzo F, Ronchi D, Salani S, et al. Selective mitochondrial de-

pletion, apoptosis resistance, and increased mitophagy in hu-

man Charcot-Marie-Tooth 2A motor neurons. Hum Mol Genet 

2016;25:4266-4281. https://doi.org/10.1093/hmg/ddw258

18 Zou Z, Tao T, Li H, et al. mTOR signaling pathway and mTOR in-

hibitors in cancer: progress and challenges. Cell Biosci 2020;10:31. 

https://doi.org/10.1186/s13578-020-00396-1 

19 Martini M, De Santis MC, Braccini L, et al. PI3K/AKT signaling 

pathway and cancer: an updated review. Ann Med 2014;46:372-

383. https://doi.org/10.3109/07853890.2014.912836

20 Shi X, Wang J, Lei Y, et al. Research progress on the PI3K/AKT 

signaling pathway in gynecological cancer (review). Mol Med Re-

port 2019. https://doi.org/10.3892/mmr.2019.10121

21 Yazid MD, Hung-Chih C. Perturbation of PI3K/Akt signaling af-

fected autophagy modulation in dystrophin-deficient myoblasts. 

Cell Commun Signal 2021;19:105. https://doi.org/10.1186/

s12964-021-00785-0

22 Chadha R, Meador-Woodruff JH. Downregulated AKT-mTOR 

signalling pathway proteins in the dorsolateral prefrontal cortex 

in Schizophrenia. Neuropsychopharmacol 2020;45:1059-1067. 

https://doi.org/10.1038/s41386-020-0614-2

23 Peltier J, O’Neill A, Schaffer DV. PI3K/Akt and CREB regulate 

adult neural hippocampal progenitor proliferation and differentia-

tion. Devel Neurobio 2007;67:1348-1361. https://doi.org/10.1002/

dneu.20506

https://doi.org/10.1038/s41419-017-0023-6
https://doi.org/10.1038/s41419-017-0023-6
https://doi.org/10.3389/fcell.2021.647631
https://doi.org/10.3389/fcell.2021.647631
https://doi.org/10.1016/j.cmet.2017.05.016
https://doi.org/10.1073/pnas.0904875106
https://doi.org/10.1073/pnas.0904875106
https://doi.org/10.1016/j.expneurol.2008.01.010
https://doi.org/10.1016/j.expneurol.2008.01.010
https://doi.org/10.1002/ana.21086
https://doi.org/10.1007/s00401-012-1036-y
https://doi.org/10.1007/s00401-012-1036-y
https://doi.org/10.1093/hmg/ddac201
https://doi.org/10.1080/27694127.2022.2132447
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.1038/srep41718
https://doi.org/10.1016/j.cell.2017.02.004
https://doi.org/10.1016/j.cell.2017.02.004
https://doi.org/10.1126/science.1106148
https://doi.org/10.1016/bs.mie.2016.09.068
https://doi.org/10.1523/JNEUROSCI.4798-06.2007
https://doi.org/10.1523/JNEUROSCI.4798-06.2007
https://doi.org/10.1093/hmg/ddz008
https://doi.org/10.1093/hmg/ddw258
https://doi.org/10.1186/s13578-020-00396-1
https://doi.org/10.3109/07853890.2014.912836
https://doi.org/10.3892/mmr.2019.10121
https://doi.org/10.1186/s12964-021-00785-0
https://doi.org/10.1186/s12964-021-00785-0
https://doi.org/10.1038/s41386-020-0614-2


207

ACTA MYOLOGICA 2022; XLI: p. 207-211
doi:10.36185/2532-1900-084

Received: December 7, 2022
Accepted: December 21, 2022

Correspondence
Maria Grazia D’Angelo
Central and Peripheral Nervous System Rare Diseases 
Unit, Scientific Institute IRCCS E. Medea, via Don Luigi 
Monza 20, 23842 Bosisio Parini (LC), Italy. Tel.: +39 
031877870. E-mail: grazia.dangelo@lanostrafamiglia.it

How to cite this article: Diella E, LoMauro A, Delle 
Fave M, et al. The Performance of Upper Limb (PUL) 
module in limb-girdle muscular dystrophy. Acta Myol 
2022;41:207-211. https://doi.org/10.36185/2532-
1900-084

© Gaetano Conte Academy - Mediterranean Society of 
Myology

  OPEN ACCESS

This is an open access article distributed in accordance 
with the CC-BY-NC-ND (Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International) license. The 
article can be used by giving appropriate credit and mentioning 
the license, but only for non-commercial purposes and 
only in the original version. For further information: https://
creativecommons.org/licenses/by-nc-nd/4.0/deed.en

SCIENTIFIC LETTER

The Performance of Upper 
Limb (PUL) module in  
limb-girdle muscular 
dystrophy

Eleonora Diella1*, Antonella LoMauro2*, Morena Delle Fave1,  
Rossella Cima1, Maria Grazie D’Angelo1

1 Neuro Rehabilitation of Rare Diseases of Central and Pheripheral Nervous 
System Unit Scientific Institute IRCCS E. Medea, Bosisio Parini (LC), Italy; 
2 Dipartimento di Elettronica, Informazione e Bioingegneria, Politecnico di 
Milano, Milan, Italy

*Equal contribution

Limb-girdle muscular dystrophy (LGMD) is a genetic muscle disorder caus-
ing weakness and wasting of the proximal limb musculature. When ambu-
lation is lost, the attention must be shifted to the upper limb muscles’ func-
tion. We studied the upper limb muscle strength and the corresponding 
function in 15 LGMDR1/LGMD2A and 13 LGMDR2/LGMD2B, through 
the Performance of Upper Limb scale and the MRC score of upper limbs.  
The proximal item K and the distal items N and R were lower in LGMD2B/R2. 
The mean MRC score of all the muscles involved linearly correlated (r2 = 0.922) 
for item K in LGMD2B/R2. The functional worsening paralleled the muscles 
weakness in LGMD2B/R2. By contrast, at proximal level the function of LGM-
D2A/R1 was preserved despite muscle weakness was present, presumably due 
to compensatory strategies. Sometimes the combination of parameters might be 
more informative than considering them separately. PUL scale and MRC might be 
interesting outcome measures in non-ambulant patients.

Key words: Performance of Upper Limb (PUL version 1.2) scale, limb-girdle muscular 
dystrophy, LGMD2A/R1, LGMD2B/R2, MRC score

Limb-girdle muscular dystrophy (LGMD) is a heterogeneous group 
of genetic muscle disorders with variable age of onset, primarily causing 
weakness and wasting of the proximal limb (i.e., the hip/shoulder girdle) 
musculature. Based on inheritance, LGMD was initially divided into two 
main subgroups: autosomal dominant and autosomal recessive (LGMD1 
and LGMD2) 1.

The two most common forms of LGMD2/R in Italy are LGMDR1/
LGMD2A and LGMDR2/LGMD2B 2. Calpainopathy or LGMDR1/LGM-
D2A is an autosomal recessive LGMD characterised by progressive, sym-
metric proximal muscle weakness contractures, scapular winging without 
cardiac manifestations and sparing of pulmonary function 3. The onset of 
weakness begins in early childhood or as late as 20 years of age. Severity 
varies, worse with earlier onset and with null mutations at both alleles. 

Dysferlinopathy is caused by mutations in the DYSF gene, which en-
codes the skeletal muscle protein dysferlin  3. The most common clinical 
diagnoses associated with dysferlinopathy are limb girdle muscular dystro-
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phy type 2B (LGMDR2/LGMD2B) and a distal posterior 
myopathy (Miyoshi myopathy 1 MM1)2. Onset typically 
occurs during young adulthood, and clinical presentation 
is inconsistent, with a wide range of ages of onset, patterns 
of muscle weakness, and severity. Disease progression is 
variable, with loss of ambulation occurring 5 to 35 years 
after the onset of muscle weakness, while a small number 
of patients remain only mildly affected for decades 3,4. 

Due to the promising ongoing preclinical studies, 
there is a high need to obtain natural history data in order 
to reach trial readiness. Very few studies focused on the 
natural history of LGMD2A/R1 and 2B/R2 have been re-
ported 5-7. Most studies in LGMD focused their attention 
on different aspect of the diseases such as motor, cardiac 
and respiratory function 8 but the authors’ attention was 
mainly focused on lower limb and loss of ambulation. 

The need also for non-ambulant patients to access to 
clinical trial is essential in these days. In this case, the at-
tention must be necessarily shifted and dedicated to upper 
limb muscles’ function. 

According to the pathology, upper limb residual abil-
ities are clinically assessed with a variety of outcome 
measures. These include the Fugl-Meyer Motor Scale, 
the Action Research Arm Test (ARAT), the Barthel In-
dex, the Brooke scale and the Motor Function Measure 
(MFM). However, these scales do not allow the identifi-
cation of functional changes in short time-lapse.

The Performance of Upper Limb (PUL) scale was 
designed specifically to measure the upper limb motor 
performance of Duchenne muscular dystrophy (DMD) 9. 
The spectrum of DMD severity ranges from weak ambu-
lant male children to non-ambulant patients with limit-
ed residual finger movements. The PUL scale testes the 
proximal to distal progression of muscle weakness in 
DMD through three levels: high (shoulder domain), mid 
(elbow domain), and distal (wrist and finger domain). The 
PUL score (version 1.2) includes 22 items related to func-
tional tasks that patients and clinicians identified as rele-
vant. Nine items are dedicated to proximal (i.e., mid-level 
elbow) level. These comprise bringing hand(s) to mouth 
and to table from lap, moving weight on table, lifting light 
and heavy cans, stacking light and heavy cans, removing 
lid from container and tearing paper. Eight items are ded-
icated to distal (i.e., wrist and fingers) level. These com-
prise: tracing a path, push on the light, turning light, pick-
ing up coins, placing fingers on number diagram, lifting 
with finger pinch grip, lifting with 3 point grip and lifting 
with thumb (key) grip 9.

Reliability of PUL in non-ambulant DMD patient 
and in different muscular dystrophies such as LGMD and 
BMD has been shown 10.

For this reason, we evaluated the PUL score in 28 
LGMD patients: 15 LGMD2A/R1 (8 females, 3 ambu-

lant) and 13 LGMD2B/R2 (6 females, 3 ambulant). As 
expected, the disease onset was earlier in LGMD2A/R1 
(median age: 10 years) compared to LGMD2B/R2 (me-
dian age: 20 years, p < 0.001); while median disease du-
ration at time of evaluation was similar (respectively 24 
and 29 years, p  =  0.106). Consequently, LGMD2A/R1 
patients were younger than LGMD2B/R2 patients were 
(median age: 33.4 vs 51.2 years, p < 0.001).

Table I reports all the items that were not significantly 
different between the two groups. Of note, all items related 
to the shoulder (from B to E) were zero for both dystrophies. 
The shoulder girdle was completely compromised as almost 
all patients were not able to perform shoulder abduction or 
flexion, neither to or above shoulder height. Figure 1 reports 
the items (namely, K, N and R) that significantly differed be-
tween the two groups of patients, being lower in LGMD2B/
R2. More in detail, item K corresponds to a function involv-
ing proximal muscles (stacking light cans) whereas item N 
and R to functions depending on distal muscles (tearing pa-
per and picking up coins, respectively).

In all these patients, the MRC score of upper limbs was 
also administrated to assess muscles strength. For items K, 
N and R, the mean MRC score of all the muscles involved 
in the required function was calculated. Trapezius, deltoids 
and biceps brachialis muscles were pooled for item K, 
being lower in LGMD2A/R1 (Fig. 1). Biceps brachialis, 
triceps brachialis, wrist extensor and flexor, opponent of 
the thumb and hand grip muscles were pooled for item N. 
Wrist extensor, opponent of the thumb, interosseous and 
hand grip muscles were pooled for item R. Figure 2 shows 
the correlations between muscular strength (i.e.: mean 
MRC score) and the function (i.e.: item) for item K, N and 
R. The dystrophies showed two well distinct patterns for 
item K. While reduced muscular strength corresponded to 
reduced function in LGMD2B/R2 with a strong linear re-
gression (r2 = 0.922), the function of LGMD2A/R1 was 
independent on the muscles strength (Figure 2, left pan-
el). Although the upper limb girdle muscles in all but one 
LGMD2A/R1 patients were weaker (i.e.: MRC < 3), the 
function of stacking light cans was almost preserved pre-
sumably due to compensation mechanisms/strategies.

Similarly, all but two LGMD2A/R1 patients were able 
to fully tear paper even in presence of weakness (MRC < 3) 
of the muscles specifically involved in the function. On 
the other hand, only LGMD2B/R2 patients whose upper 
limb muscles were relatively strong (i.e.: MRC > 3) fully 
achieved the task of item N; while LGMD2B/R2 patients 
with moderate to severe muscular weakness showed im-
paired function (Figure 2, middle panel).

Finally, the distal muscles of the hand were preserved in 
the majority of patients, independently of the type of dystro-
phy so that they were able to pick up coins, therefore accom-
plishing the task required by item R (Figure 2, right panel). 
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Several authors suggest that understanding the impact 
of muscular weakness on daily activity and function is es-
sential for the quality of life of these patients as well as for 
prompting clinical (pharmacological and/or rehabilitative) 
interventions. Taken together, the results of this pilot study 
showed that the performance of the upper limb of the two 
considered forms of LGMD2/R differed for only three items 
(one proximal and two distal), being all lower in LGMD2B/
R2. In addition, different patterns were found in the func-
tion-strength relationship. The functional worsening paral-
leled the muscles weakness in LGMD2B/R2. At proximal 
level (item K), the correlation between function and muscu-
lar strength was very strong, while it was apparently weaker 
at distal level. However, the two distal functions were pre-
served in the majority of LGMD2B/R2 corresponding also 

to acceptable muscle strength. A part for a couple of outliers, 
the other patients showing muscular weakness had also low-
er functions. Only for item R, this function-strength corre-
spondence was found in LGMD2A/R1 whose function and 
muscle strength almost reached their maximum scores. By 
contrast, at proximal level the function was preserved despite 
muscle weakness was present and similar to LGMD2B/R1. 
Muscular weakness, therefore, did not correspond to im-
paired function, presumably due to compensatory strategies 
commonly adopted in this dystrophy. 

Our protocol allowed to study the upper limb more in 
detail. When we previously studied the clinical evolution of 
LGMDR we concluded that in both dystrophies, the impair-
ment of the upper limbs seemed to be equally distributed 

Table I. Items and times of the PUL that were not significantly different between the LGMD2A/R1 and LGMD2B/R2 
patients. Data are expressed as median, 25th percentile (25th p) and 75th percentile (75th p).

Description
LGMD2A/R1 LGMD2B/R2

Median 25th p 75th p Median 25th p 75th p
High level 
shoulder 
dimension

Item A Entry item 3.0 2.0 3.0 2.5 1.8 3.0

Item B
Shoulder abduction to 
shoulder height 0.0 0.0 0.0 0.0 0.0 0.0

Item C
Shoulder abduction 
above shoulder height 0.0 0.0 0.0 0.0 0.0 0.0

Item D
Shoulder flexion to 
shoulder height 0.0 0.0 0.0 0.0 0.0 0.0

Item E
Shoulder flexion above 
shoulder height 0.0 0.0 0.0 0.0 0.0 0.0

Mid level 
elbow 
dimension

Item F Hand(s) to mouth 2.0 1.5 3.0 1.5 0.0 2.3

Item G
Hand(s) to table from 
lap 3.0 3.0 3.0 3.0 2.0 3.0

Item H Move weight on table 2.0 1.0 4.0 1.5 1.0 4.3
Item I Lifting light cans 5.0 0.0 5.0 5.0 0.0 5.0
Time I 5.2 3.4 7.0 5.7 5.0 6.0
Item J Lifting heavy cans 3.0 0.0 5.0 3.0 0.0 5.0
Time J 2.4 0.0 4.3 5.2 3.1 6.5
Time K Stacking light cans 8.6 6.4 11.3 8.8 5.3 9.8
Item L Stacking heavy cans 4.0 3.5 4.0 3.0 0.0 4.0
Time L 9.8 6.1 12.8 7.4 5.2 9.9

Item M
Remove lid from 
container 1.0 1.0 1.0 1.0 0.8 1.0

Distal wrist 
and hand 
dimension

Item O Tracing path 4.0 4.0 4.0 4.0 3.0 4.0
Item P Push on the light 3.0 3.0 3.0 3.0 2.8 3.0
Item Q Turning light 2.0 2.0 3.0 2.0 2.0 3.0

Item S
Placing finger on 
number diagram 3.0 3.0 3.0 3.0 3.0 3.0

Item T
Lifting with finger pinch 
grip 2.0 2.0 2.0 2.0 2.0 2.0

Item U Lifting with 3 point grip 2.0 2.0 2.0 2.0 2.0 2.0

Item V
Lifting with Thumb 
(key) grip 3.0 3.0 3.0 3.0 3.0 3.0

TOT 50.5 41.0 54.5 50.0 28.5 53.0
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between the shoulder girdles and the arms, with a relative-
ly spared wrist. This conclusion came from the evaluation 
of only the muscular strength through MRC scale 6. Future 
studies should investigate if the supposed different com-
pensatory strategies explained the different pattern found 
by considering also the function in addition to the muscular 
strength. Indeed, LGMD2A/R1 were weaker but with al-
most preserved item K function. These results are relevant 
because they showed how the informational content of clin-
ical test might change if its results were considered alone 
or in combination with others, as for the function-strength 
discrepancy found in LGMD2A/R1 for item K. Physicians 
should be aware that sometimes the combination of param-
eters might be more informative than considering them sep-
arately. More studies need to be undertaken either to collect 
natural history either to identify reliable outcome measures 
in non-ambulant patients with slowly progressive muscular 
dystrophies 6, with upper limb playing the major role. 
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AIM

The activities carried out by the Association in the 
fourth trimester 2022 mainly focused on the organization 
of the national congress. 

The 22nd National Congress of the Italian Association 
of Myology took place in Matera (South Italy) from 19 to 
22 October 2022, and was a success in terms of attendance, 
with an overall participation of around 300 people in all 
four days of the congress. 

The scientific program was very active and intensive, 
with four lectures – two of them held by guests of interna-
tional renown, such as Prof. Jerry Mendell from the Nation-
wide Children’s and the Ohio State University (USA) and 
Prof. Jordi Diaz-Manera from Newcastle (UK) – 5 work-
shops, 2 special sessions and 5 company symposia. There 
were also numerous (42) oral communications, while a great 
success and participation was the discussion of posters (77).

The Congress concluded the works with the assign-
ment of n. 5 prizes to young researchers (Fig. 1). In par-
ticular, the following awads have been assigned:
1. The “Giovanni Nigro” prize for the best oral com-

munication on muscular dystrophies, kindly offered 
by the Neapolitan Association Gaetano Torre Centre 
for Muscular Dystrophy,  was awarded to dr. Giulio 
Gadaleta (University of Turin) for the contribution 

“Adults with Duchenne Muscular Dystrophy ( DMD): 
old and new challenges in a long-living cohort”;

2. The “Parent Project Italia” prize for the best oral com-
munication was awarded to dr. Daniele Sabbatini (Uni-
versity of Padua), for the contribution “Genome-Wide 
Association Study for identification and characterization 
of genetic modifiers of Duchenne muscular dystrophy”

3. The “AIM” prize for the best oral communication 
was awarded to Dr. Carmen Campanale, (University 
of Bari) for the contribution “Functional and pharma-
cological characterization of a Nav1.4 sodium and a 
ClC-1 chloride channel mutations segregating with 
myotonia in an Italian kindred”.

4. The “AIM” prize for the best poster was awarded to 
Dr. Rossella Cima (IRCCS Medea, Bosisio Parini) for 
the contribution “Twenty years of natural history of 
Myotonic dystrophy type 1”;

5. The “AltroDomani” prize for the best poster was award-
ed to Andrea Barp (Nemo Clinical Center in Milan) for 
the contribution: “Body composition and myokines in a 
cohort of patients with Becker muscular dystrophy”. 
The following event “Breathless and moveless - Neu-

romuscular disorders in intensive care”, held in Udine on 
22 October 2023, was also sponsored.

The 23rd Congress of AIM will be held in Padua from 
5 to 8 June 2023. 

NEWS FROM AROUND THE WORLD

Figure 1. The winners of the prizes assigned during the 22nd Congress of the Italian Association of Myology.
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MSM

Due to pandemics, the 14th Meeting of the Mediter-
ranean Society of Myology (MSM) is moved to the 2023. 
Proposals to organize and host the event are welcome.

WMS 

The 27th International Annual Congress of the World 
Muscle Society took place on 11th-15th October 2022, in 
Halifax, Nova Scotia, Canada, in a hybrid manner. The 
congress venue was the Halifax Convention Centre at 1650 
Argyle Street, in the heart of this Atlantic seaport. Figure 2 
shows a synthesis of the Congress activities.

During the Congress there was the election of the new 

Scientific Board. Six members stepped down: Carsten 
Bönnemann, Nathalie Goemans, Carmen Navarro, Anders 
Oldfors, Haluk Topaloğlu, Peter Van den Bergh and six 
new members joined: Lindsay Alfano, Alan Beggs, Jordi 
Diaz-Manera, Teresinha Evangelista, Gina Ravenscroft,  
Benedikt Schoser. This was the first in-person congress 
since the three current Executive Officers were elected, 
and they all put themselves forward to stand again and 
were accepted: Volker Straub (President), Laurent Servais 
(Secretary), Gisèle Bonne (Treasurer).

The future WMS Congresses will be in Charleston, 
South Carolina (2023); Prague, Czech Republic (2024); 
Vienna, Austria (2025) and Hiroshima, Japan (2026). 

For further information visit the Society website 
https://worldmusclesociety.org

Figure 2. The 27th WMS congress in pills.
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2022
December 7-8

The 4th International Conference on Rare Diseases. 
Vienna, Austria. Information: website: www.bioevents.net

2023
January 9-11 

12th World Gene Convention. Sapporo, Japan. 
Information: website: https://www.bitcongress.com/
WGC2023

March 24-26

ESC Acute CardioVascular Care 2023. Marseille, 
France. Information: website: https://www.escardio.org/
Congresses-Events/Acute-Cardiovascular-Care

April 20-22

Sorrento breathing. Update and new trends on respiratory 
medicine. 13rd Edition.  Information: website: www. 
Centercongressi.com

April 16-18

EHRA Congress - European Society of Cardiology. 
Barcelona, Spain. Information: website: https://www.
escardio.org/Congresses-Events/EHRA-Congress

April 22-28

75th AAN Annual Meeting. Boston, MA. USA. Information: 
website: https://www.aan.com

May 9-12

4th International Meeting on Laminopathies, 
Madrid, Spain. Information: website: https://www.
laminopathy2023.com

May 10-12

EACVI 2023. Barcelona, Spain. Information: website: 
https://www.escardio.org/Congresses-Events/EACVI-
Congress

May 20-23

Heart Failure 2023 and World Congress on Acute Heart 
Failure. Prague, Czech Republic. Information: website: 
https://www.escardio.org/Congresses-&-Events/Heart-
Failure

May 23-24

Digital Health World Congress 2013.London, UK. Information: 
website: https://digitalhealthcareworldcongress.com 

May 25-26

International Conference on Neuroscience and 
Neurology, Tokyo, Japan. Information: website:  https://
www.neuralscience.scientexconference.com

June 5-8 

23rd National Congress of the Italian Association of 

Myology. Padua, Italy. Information:  website: www.
miologia.it

July 1-4

9th EAN Congress. Budapest, Hungary. Information: 
website: https://www.ean.org

August 25-28

ESC Congress 2023. Amsterdam, The Netherlands. 
Information: website: https://www.escardio.org/

September 13-14

International Conference and Expo on Heart and 
Cardio Care. Rome, Italy. Information: website: https://
hilarisconferences.com/heart/contact

October 3-7

28th Congress of World Muscle Society. Charleston, USA. 
Information: website: https://worldmusclesociety.org

October 9-11 

International Congress on Genetics and Genomics. 
Dubai, UAE. Information: website: https://
signatureconferences.com/genetics-genomics23/ 

October 15-19

VCN2023. XXVII World Congress of Neurology. Montreal, 
Canada.  Information: website: https://wcn-neurology.com

October 19-21 

4th ENMD Congress. Munich, Germany. Information: 
website: www.enmd-neuromuscular.eu; info@
fclassevents.com

2024
April 13-19

76th AAN Annual Meeting. Denver, CO. USA. Information: 
website: https://www.aan.com

June 29 - July 2 

10th EAN Congress. Helsinki, Finland. Information: 
website: https://www.ean.org

October 8-12

29th Congress of World Muscle Society. Prague, 
Czech Republic. Information: website: https://
worldmusclesociety.org

2025
April 5-11

77th AAN Annual Meeting. San Diego, CA. USA. 
Information: website: https://www.aan.com

October 7-11

30th Congress of World Muscle Society. Vienna, Austria. 
Information: website: https://worldmusclesociety.org

FORTHCOMING MEETINGS
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Rapid Reports (maximum 400 words, 5 references, 2 figures or tables). A letter should be included explaining why the author 
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Lectura. Invited formal discourse as a method of instruction. The structure will be suggested by the Editor.
Congress Proceedings either in the form of Selected Abstracts or Proceedings will be taken into consideration.
lnformation concerning new books, congresses and symposia, will be published if conforming to the policy of the Journal.
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abstract, key words; 3) Text; 4) References; 5) Legends; 6) Figures or tables. Pages should be numbered (title page as page 1).
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supplied. Color photographs can be accepted for publication, the cost to be covered by the authors. 
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Tables. Tables should be self-explanatory, double spaced on separate sheets with the table number and title above the table 
and explanatory notes below. Arabic numbers should be used for tables and correspond with the order in which the table is 
first mentioned in the text.
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