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NEUROMUSCULAR SYSTEM
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BRINGING IT
TO THE PATIENT S—

Data collected in Everest base
camp might help treat patients

PHYSICAL
CHALLENGES
ON EVEREST




MITOCONDRIA in mountain environment
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P6C-1a ESPRESSED by GENE HIF-1a
increases OXYGEN MITOCONDRIAL USE

Reduced oxygen levels leads to a shift in cellular metabolism. hypoxia, the mitochondria undergo several adaptations to optimize energy .

A key adaptation is an increase in the number and size mitochondrial biogenesis, is regulated by various signaling pathways, such as the
hypoxia-inducible factor (HIF)
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ATHLETIC TRAINING IN HYPOXIA

Muscoli e polmoni d’acciaio
allenandosi alle medie quote

wrt o8




SUBSTRATES AT 2000 m.
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MITOCHONDRIA AND ROS

OBJECTIVES

Additionally, in hypoxic conditions, the mitochondria may switch to alternative metabolic pathways to generate ATP. For example,
anaerobic glycolysis becomes more prominent, producing ATP but with a lower efficiency compared to oxidative phosphorylation.
Mitochondrial damage is often present and leads to the "lactate paradox", fatigue, and sarcopenia. Moreover, mitochondria play a
crucial role in the production of reactive oxygen species (ROS), which are byproducts of oxygen metabolism. In hypoxic
conditions, the imbalance between ROS production and clearance can occur, resulting in oxidative stress. This oxidative stress can
damage the mitochondria and other cellular components, leading to various physiopathological consequences and changes in
neurotransmitters, which might change the mood, toward depression or euphoria. The mitochondrial adaptations aim to maintain
cellular energy production and homeostasis under low oxygen, as in the MELAS (3) condition.
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OBJECTIVE

What are neuromuscular diseases?

» Can neuromuscolar patients go to mountain?

- At which altitude?

* What precautions ?

NEUROMUSCULAR DISEASES

spinal cord axon of
motorneuron

nerve

motor unit 2

neuromuscular
junction

muscle fiber

muscle

Include numerous clinical
disorders for dysfunction of
motor unit

+ Motoneuron

*Nerve

+ Axon

* Neuromuscular junction
+ Muscle
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NEUROMUSCULAR JUNCTION
DISEASES

HEREDITARY
- Myasthenia congenita

ACQUIRED
- Miasthenia gravis
- - Lambert Eaton Syndrome

LOWER MOTONEURON
NERVE-AXON

HEREDITARY

- Progressive Spinal Amyotrophy

- Peripheral Neuropathy (e.g. Charcot-
Marie-Tooth)

ACQUIRED

- Amyotrophic Lateral Sclerosis (ALS)
- Progressive muscular atrophy

- Peripheral Neuropathy
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MUSCULAR SYNDROMES

* Cramps, causes: neurogenic, energetic failurer
or myofiber necrosis

- Fatigability, metabolic exhaustion lactic
acidosis

 _CK elevation, caused by muscular necrosis

* Mioglobinuria due to dehydration metabolic
disorders ,channellopathy, disionia
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CORRELATION LVEDV / LVEF WITH
THE PATIENT BECKER'S AGE
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LVEDV = left ventricular end-diastolic volume; LVEF = left ventricular ejection fraction

BENEFIT OF
REHABILITATION

32 year old BMD case after cardiac
traplant , in rehabilitation ardiologica
at Codivilla Hospital in Cortina (1200

m).

neuro-motor rehabilitation: 20-40
minutes cyclette X 3 days week

Ventricle
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FEMALE DUCHENNE CARRIER

Inactivation cromosome X (Lyonization)

X X

sssssss from Elsevier.

nigson & Thormgsan Genetics n Medicne, &th Editian; BL Nusssaum, RR

|||||||||| ted from Thon

Micnnes, HF Willard, Fatierns of S Gene Inheriance, Figurs S-16, pg 67, Coprrght 2001, wih

(L6GMD2A): GENETIC ISOLATE

IN ALPS (Valle dei Mocheni)

S,

-
------

|||||||

La valle ysuperiore del
fiume Fersina & una
enclave of german
speaking people since
medioeval time
"Mocheni”. T "Mocheni”
a isolato linguistic and
genetic, geografic,
caused consanguinity.
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MUTATION INTRONIC CAUSES LGMD2A:

IN ALPINE GENETIC POPULATION
(Valle dei Mocheni)

|

Mutatine PRIVATe IN FAMILY (c.1193+6T>A) FOUNDER EFFECT

GLICOGENOSIS TYPE 2 with respiratory
diaphragmatic insufficiesy

(no altitude over 2000 m)
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GLYCOGENOSIS TYPE 5, McArdle's disease

CLINICAL SIGNS

« Exercise intolerance

* myopathy

* myoglobinuria

* cramps or confractures

- defective lactic acid in ischemic exercise
- "second wind” fatty acid utilization

GENE
Muscle glycogen phosporylase (PYGM)

MOTONEURON DISEASE

bulbar
ALS

ALS (FVC <«
50%)
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Myasthenia Gravis and Endurance Exercise

Scheer BV, Valero-Burgos E, Costa R: Myasthenia gravis and endurance
exercise. Am J Phys Med Rehabil 2012;91:725-727

This is the first report of a runner with myasthenia gravis who completed an ultra
endurance event. Myasthenia gravis, a neuromuscular disease that usually results
in skeletal muscle weakness, which worsens with exercise and strenuous aerobic
exercise, is generally contraindicated. Our runner completed a 220-km, b-day
ultramarathon and presented with various symptoms including muscular skeletal

weakness, cramps, generalized fatigue, unintelligible speech, involuntary eye and
mouth movements, problems swallowing, food lodging in his throat, and problems
breathing. Risk factors identified for exacerbations are running in extreme tem-
peratures, prolonged runs (especially a distance of 30 km or more), running
uphill, lack of sleep, and stress. The medical team was in the novel situation to look
after a runner with myasthenia gravis and needed to be aware of the patient’s
condition, symptoms, and risk factors to safely care for him.

ACTIVITY GUIDELINES

- Avoid activity and running in extreme temperatures

- Try to avoid prolonged endurance type of exercise

- Modify activities that include running or exercising uphill or on
stairs

- Make sure to exercise after adequate sleep and try fo avoid stress

- Exercise at peak energy times of the day

Hypoxic neuropathy: Does hypoxia play
a role in diabetic neuropathy?
The 1988 Robert Wartenberg Lecture

Peter James Dyck, MD

Article abstract—In this report I review: (1) the blood supply and end: of nerve; (2) the class, type,
and spatial distribution of nerve fiber degeneration as a function of number, lltz.md.dlnofmlehmludd (3) the putative
mechanisms of nerve hypoxia; and (4) the role of hypoxia in disbetic polyneuropathy.

NEUROLOGY 1989;39:111-118

Figure 3. Light photomicrograph of methylene blue-stained
semi-thin transverse section of sural nerve fixed in
glutaraldehyde and osmium tetroxide from patient with
diabetic polyneuropathy illustrates striking focal loss of
myelinated fibers (MF), suggesting ischemic injury. Lower
picture is higher magnification of frame shown in upper
picture; density of MF in fascicle shown on right is
moderately decreased from normal, whereas essentially no
MF are seen in fmuk on left. Left fascicle also shows
thickened perineurium, protein-rich endoneurial fluid, and
excessive cellularity—other suggestive hallmarks of
ischemic injury. (From Dyck PJ et al, “Fiber loss is primarn
and multifocal in sural nerves,” Ann Neurol
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Transient Central Nervous System White

Matter Abnormality in X-Linked

Charcot-Marie-Tooth disease

Ann Neurol 2002;52:429 434

T2 FLAIR DWI

Onset

1 month |

2 months |

The CNS phenotype of X-linked
Charcot-Marie-Tooth disease
More than a peripheral problem

Neurology
2003:61:1475
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Cold Agglutinin Disease and Cryoglobulinemia
Morie A. Gertz

Gold agglutinin disease is a form of direct, extravascular, antiglobulin-positive hemolysis. In vivo, immunoglobulin (Ig) M fixes comple-
ment molecules to the red cell membrane. Successive passages through the mononuclear phagocyte system result in foss of red call
membrane. The resultant spherocytes lose resiliency and are ultimately lost from the circulation extravascularly. The high concentration
of complement molecules on the red cell surfaces makes this syndrome resistant to the standard therapies for immune-mediated hemol-
ysis. Rituximab has been reported to reduce the severity of hemolysis. Type |1 cryoglobulins are composed of 2 monoclonal IgM and a
polyclonal IgG. These complexes have rheumatoid factor activity and can produce immune-complex vasculitis. The target organs are the
skin, nerves, kidney, liver, and joints. More than 80% of patients have evidence of hepatitis C infection. Interferon and interferon plus rib-
avirin have been shown 1o produce serologic responses. When vasculitis is active, corticosteroids are often required to permit healing of
ulcers in the skin or fo treat the membranoproliferative glomerulonephritis that is seen, thereby preventing loss of renal function.
Rituximab therapy has been found to ba effective in mixed cryoglobulinemia, with decreases in cryoglobulin values and improvement in
complement values.

Clinical Lymphoma, Vol. 5, No. 4, 290-293, 2005

Mitochondrial DNA variant associated with Leber

hereditary optic neuropathy and high-altitude Tibetans
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CRONIC HYPOXIC MYOPATHY IN
EXTREME ALTITUDE

——

RUN AT HIGH ALTITUDE

ke

"1 - 100
2 : :: ! Increased C-reactive
£, [ § protein after exercise
1 w ¢ (Giandolini et al.
“1 s & Eur.J.Appl.Physiol. 2016)
g ) L 70 %
20 Lw §
g 1w Leo 2
"Tome Teost o2 oe e oue hyponatremia in ultra-

Fig. 3 Means and standard deviations of C-reactive protein concen-
tration (black circles) and knee extensors maximal voluntary activa- g, EmerlgMedJ 2009)
tion (gray hars) before (PRE). after (POST), and 2, 5, 9, and 16 days

after (D + 2, D + 5, D + 9, and D + 16, respectively) a 166-km

ultra-trail race with £9500 m of positive and negative elevation.

Double asterisks indicates a significant difference with PRE values

(P <0.01) Adapted from Millet et al. (201 1a, b)

marathon runners (Cuthill et
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MUSCULAR SYNDROMES:
CONTROINDICATIONS FOR TREKKING

-Muscular Dystrophies,

- DMD Carriers,

-Myotonic Dystrophy

-6SD IT

-ALS disease with respiratory insufficiency

PERIFERAL NEUROPATHIES

Trekking not advised:

- Charcot-Marie-Tooth disease: pes cavus. So
stroke-like episodes at 700 m. (Sagnelli et al.
JPNS 2014)

diabetic neuropathy: hischemic vessel hypoxia is controindicated

13.10.2025
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CONCLUSION

Can neuromuscular patients climb mountains?
No problems at middle altitude.

 Which altitude? 1500 m.LGMD patients live
at this altitude.

* Which precautions? Monitor cardiac ,
respiratory,metabolic ,blood pressure
status and biomarkers.
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