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NEUROMUSCULAR SYSTEM 
AND CNS IN HYPOXIA 

INTERACTION BRAIN, HEART, POLMONE, 
MUSCLES IN ALTA QUOTA

Data collected in Everest base 
camp might help treat patients
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MITOCONDRIA in mountain environment



13.10.2025

3

PGC-1α ESPRESSED by GENE HIF-1α
increases  OXYGEN MITOCONDRIAL USE 

O’Hagan et al. PNAS 
2009

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) 

ATHLETIC TRAINING IN HYPOXIA
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SUBSTRATES AT 2000 m.

Maximal oxygen 
uptake

% slow 
fibers

SLOW FIBRES ( TYPE 1)  Maxymal 
oxygen uptake in sport activities
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MITOCHONDRIAL BIOMARKERS

Lactic acid,
Pyruvate
Alanine
Carnitine, acyl-carnitines
Ketones,Organic acids
Reactive Oxygen Species 
(ROS)

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.



13.10.2025

6

OBJECTIVE
What are  neuromuscular diseases?

• Can neuromuscolar patients  go  to mountain?

• At which altitude?

• What precautions ?

NEUROMUSCULAR DISEASES

Include numerous clinical 
disorders for dysfunction of   
motor unit

• Motoneuron
•Nerve
• Axon
• Neuromuscular junction
• Muscle



13.10.2025

7

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



13.10.2025

8

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

ECHOCARDIOGRAPHy BECKER SUBCLINIC 

RVEDV = right ventricular end-diastolic volume; RVEF = right ventricular ejection fraction
LVEDV = left ventricular end-diastolic volume; LVEF = left ventricular ejection fraction
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CORRELATION  LVEDV / LVEF WITH   
THE PATIENT BECKER’S AGE

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 
dilatation
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FEMALE  DUCHENNE CARRIER

Inactivation  cromosome X (Lyonization)

 
X
Y

X
X

La valle ysuperiore del 
fiume Fersina è una 
enclave of german 
speaking people since 
medioeval time 
“Mòcheni”. I “Mòcheni” 
a isolato linguistic and 
genetic, geografic, 
caused consanguinity. 

(LGMD2A): GENETIC  ISOLATE
IN ALPS (Valle dei Mocheni)



13.10.2025

11

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

MUTATION INTRONIC CAUSES LGMD2A: 
IN ALPINE GENETIC POPULATION

(Valle dei Mocheni)

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 contractures
• defective lactic acid in ischemic exercise
• “second wind”  fatty acid utilization

GENE

Muscle glycogen phosporylase (PYGM)

ALS (FVC < 
50%)

bulbar 
ALS

MOTONEURON DISEASE
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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 to avoid stress
- Exercise at peak energy times of the day
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CMTX 
(Cx32)

CMTX 
(GJB1)

Neurology 
2003;61:1475
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CRONIC HYPOXIC MYOPATHY IN 
EXTREME ALTITUDE

Lf: 
lipofuscine

Increased  C-reactive 
protein after exercise 
(Giandolini et al. 
Eur.J.Appl.Physiol. 2016)

hyponatremia in ultra-
marathon runners (Cuthill et 
al. Emerg.Med.J. 2009)

RUN AT HIGH ALTITUDE
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MUSCULAR SYNDROMES: 
CONTROINDICATIONS FOR TREKKING

-Muscular  Dystrophies,
- DMD Carriers,
-Myotonic Dystrophy
-GSD II 
-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
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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.

CONCLUSION
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