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Abstract 

Charcot-Marie-Tooth (CMT) disease, which is the most common inherited neuropathy, is also referred to as 

hereditary motor and sensory neuropathy (HMSN) and shows a genetically heterogeneous pattern. CMT is 

diagnosed mostly by a neurologic specialist. It can be divided into autosomal dominant, autosomal recessive, or X-

linked type, based on the transmission pattern. It can also be divided demyelinating or axonal type, based on the 

electrophysiological findings. Therefore, it is practically not feasible for anesthesiologists to make the diagnosis, and 

diagnosis becomes even more difficult with the continued emergence of subtypes with the identification of new 

genes. Moreover, each type has a different phenotype, and each may be managed slightly differently based on the 

actual symptoms presented. For each case, there are conflicting opinions on the methods for anesthetic management, 

causing much confusion. Accordingly, in this review, we aimed to discuss the diagnostic methods, types, and 

treatment methods for CMT from an anesthetic perspective and to review anesthetic management. 
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1. Introduction 

Charcot-Marie-Tooth (CMT) disease is the most common inherited neuropathy characterized by progressive distal 

to proximal weakness, usually affecting the feet and legs and progressing proximally. It is typically accompanied by 

atrophy and sensory deficits, while the clinical phenotype can range from mild symptoms to severe symptoms that 

can disrupt activities of daily living. At least 25 genes are known to be involved, and over 70 subtypes have been 

identified [1]. 
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CMT is classified as autosomal dominant, autosomal recessive, or X-linked type based on the transmission pattern; 

demyelinating or axonal type based on the electrophysiological findings; or others based on the mutant genes 

involved. Symptoms and signs start with distal atrophy of the lower limbs and subsequent involvement of the hands 

and forearms, leading to pes cavus, hammer toes, foot drop, intrinsic muscle weakness, difficulty in walking, hand 

tremors, and clawed hands, involving even the respiratory muscles in severe cases [2, 3]. Various diagnostic 

methods can be used according to clinical symptoms, inherited mode, electrophysiological examination, and 

molecular tests on each gene. The classification criteria for each type vary, and clinical symptoms also appear in 

various manners, from no symptoms to severe symptoms that require the patient to rely on a wheelchair.  

 

Although it is one of the most common genetic diseases, various anesthetic modalities for surgeries involving 

patients with CMT have been suggested for different cases due to various classifications. However, articles 

describing anesthetic management are relatively rare. Accordingly, this review will discuss considerations that 

should be given for preanesthetic diagnosis, symptoms, treatment, and perioperative anesthetic management for 

cases involving CMT through a review of existing literature.  

 

2. Clinical Manifestations and Diagnosis 

Demyelinating types of CMT predominantly affect the myelin sheath. Myelin is involved in increasing the nerve 

conduction velocity (NCV), while demyelination slows the NCV. On the other hand, axonal types affect the axons, 

and thus, the NCV is conserved, but the amplitude of motor and sensory potentials is reduced. The most common 

types of CMT are CMT1 and CMT2, while CMT1A is the most common type of CMT1 type. As an exception, 

CMT1B is the more common type in Japan [4, 5]. Among CMT2 type, CMT2A is the most common type [6]. 

 

2.1 CMT1 

CMT1 involves autosomal dominant transmission (shows NCV<38m/s) and appears from a duplication of 

peripheral myelin protein 22 (PMP22) that regulates myelination and cell growth. Approximately 50% of CMT1A 

occurs due to duplication of PMP22 [3], and besides this, PMP22 point mutations and point mutations in myelin 

protein zero (MPZ) are involved as mutated genes in CMT1 [3, 7-9]. Symptoms include foot drop and steppage gait 

due to foot deformity. Also, claw hand from the involvement of the upper extremity and scoliosis as spinal 

deformity may also appear. Symptoms usually appear during childhood or adolescence. Concerning disease severity, 

variability may be found within the same family, and even monozygotic twins may show different disease severity. 

CMT1B appears from the involvement of MPZ mutation, and symptoms may present in the pupils or the ears. 

 

2.2. CMT2 

CMT2 is an axonal form (with normal NCV>38 m/s), while it shows reduced amplitudes of motor and sensory 

potentials, along with pathologically axonal degeneration and preservation of myelin. Most cases show autosomal 

dominant inheritance, but some cases also show a recessive inheritance pattern. CMT2 appears from mutation of the 
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mitofusin-2 protein (MFN2) involved in the fusion of mitochondria [10-14] and it shows a highly heterogeneous 

pattern. Furthermore, genes for MPZ and neurofilament light chain (NEFL) are involved.  

 

2.3 Minor CMT 

CMT3 (Déjèrine-Sottas neuropathy) is the most severe form of demyelinating CMT. CMT4 is caused by a mutation 

in the ganglioside-induced differentiation-associated protein-1 (GDAP1), and it shows severe motor and sensory 

neuropathy. Of these, CMT4A has been reported to be associated with vocal cord paresis [15]. CMTX is an X-

linked type, which appears from a point mutation in the gap-junction B1 (GJB1) gene. 

 

Type Phenotype Inheritance Genes 

CMT1 

(Demyelinating) 

NCV < 38 m/s Biopsy: onion 

bulbs 

AD PMP22 duplication or point mutation  

MPZ 

CMT2 

(Axonal) 

NCV < 38 m/s Axonal 

degeneration 

AD or AR MFN2 

MPZ 

NEFL 

GDAP1 

Intermediate NCV>25m/s and < 38 m/s AD  

CMT3 Early onset 

More severe than CMT1 

AD or AR PMP22 

MPZ 

CMT4 Variable phenotypes AR GDAP1 

CMTX  X-linked GJB1 

CMT5 Pyramidal involvement  MFN2 

CMT6 Optic atrophy  MFN2 

Abbreviations : CMT: Charcot-Marie-Tooth disease, NCV: nerve conduction velocity, AD: autosomal dominant, 

AR: autosomal recessive, PMP22: peripheral myelin protein 22, MPZ: myelin protein zero, MFN2: mitofusin 2 

protein, NEFL: neurofilament light chain, GDAP1: ganglioside-induced differentiation-associated protein-1, GJB1: 

gap-junction B1. 

 

Table 1: Schematic overview of CMT types and phenotypes and related genes. 

 

2.4 Diagnosis of CMT 

CMT can be diagnosed based on clinical phenotype, inheritance pattern, electrophysiological examination, 

molecular analysis, and nerve biopsy. Clinical phenotypes begin in the feet, exhibiting high arches, hammer toes, 

and intrinsic muscle weakness, and gradually progress proximally to the lower third of the thighs, hands, and 

forearms. Deep tendon reflex is reduced or lost, and scoliosis may also appear. Consequently, symptoms such as 
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foot drop, walking difficulty, steppage gait, hand motor impairment, and tremor may appear. Also, cranial nerve 

involvement, vocal cord palsy, optic atrophy, pyramidal involvement, and sensory abnormality may also appear [3]. 

Furthermore, restrictive pulmonary impairment and obstructive sleep apnea may also appear when involving the 

respiratory system [16]. 

 

Concerning inheritance patterns, CMT1 and most CMT2 cases show autosomal-dominant inheritance, while CMTX 

show X-linked dominant inheritance, and axonal types of CMT2 and CMT4 show autosomal-recessive transmission. 

Based on NCV in electrophysiological examinations, a diagnosis could be made as demyelinating CMT (CMT1 and 

CMT4) if NCV<38 m/s and CMT2 if normal or mildly reduced NCV (NCV>38 m/s) together with a reduction in 

the amplitudes of muscle and sensory action potentials [3]. It has been challenging to identify all these genes by 

molecular analysis since there are many mutated genes associated with CMT. However, since PMP22, MPZ, MFN2, 

GJB1, and GDAP1 account for most of the associated genes that have been identified [3, 16], identifying just these 

mutated genes should eliminate difficulties in diagnosing CMT in most cases. Additionally, family history could 

help diagnose CMT, but some mutated genes trigger new mutations, whereby family history ultimately disappears 

nonspecifically in some cases [17]. Nerve biopsy is not performed in most cases. Usually, a biopsy is performed if a 

differential diagnosis is needed—if genetic test findings are not helpful—or if a nerve biopsy could provide some 

critical information. 

 

Clinical phenotype 

  CMT의 symptoms and signs 

Inheritance pattern 

  AD: CMT1 and most CMT2 

  X-linked: CMTX 

  AR: CMT4 and CMT2 (axonal type) 

Electrophysiological examination 

  NCV < 38 m/s: demyelinating CMT 

   (CMT1 and CMT4) 

  NCV > 38 m/s: CMT2 

Molecular analysis 

  PMP22, MPZ, MFN2, GJB1 and GDAP1 (most important genes for CMT diagnosis) 

Nerve Biopsy 

Abbreviations: AD: autosomal dominant, AR: autosomal recessive, NCV: nerve conduction velocity, 

PMP22: peripheral myelin protein 22, MPZ: myelin protein zero, MFN2: mitofusin 2 protein, GJB1: gap-

junction B1, GDAP1: ganglioside-induced differentiation-associated protein-1 

Table 2: Diagnosis of CMT. 
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3. Treatment 

Currently, there is no effective drug therapy for CMT. Despite multicenter clinical trials that have been conducted, 

there is still a lack of data for use of medication in clinical practice [18-22]. Therefore, treatment modalities 

currently available are limited to supportive and surgical treatments.  

 

3.1 Drug therapy 

Since skeletal deformities, posture abnormalities, and muscle fatigue, along with true neuropathic type pain, may 

appear in patients with CMT [23, 24], analgesics drug therapy for such symptoms may be needed. Progesterone is 

known to cause overexpression of MPZ and PMP22, and thus, anti-progesterone therapy could be used. 

Onapristone, which falls into this category, can improve motor strength and have a protective effect on axonal loss 

without causing any changes to myelin thickness or NCV [25]. However, it has the disadvantage of showing 

significant side effects. In this context, the exacerbation of CMT symptoms during pregnancy could be understood. 

In addition, due to an increased risk of complications during delivery, the risk of abnormal fetal presentation or 

postpartum bleeding is also increased, and there is a higher likelihood of being exposed to emergencies [26]. 

 

Others include coenzyme Q10, curcumin, and neurotrophin-3 (NT3). Curcumin acts to reduce the cytotoxicity of 

mutant proteins and may be particularly useful for CMT involving MPZ and PMP22 mutations [3, 16]. NT3 is a 

neurotrophic factor that promotes axonal growth. Besides these, linoleic acid and potassium channel blockers are 

also being researched.  

 

In studies on ascorbic acid, which is a promoter of myelination, the results showed reduced PMP22 expression, and 

increased life span and myelination [27, 28]. However, in studies on children and young adults, the results showed 

no significant effect on NCV and neurophysiological secondary outcome measures [29-33]. Moreover, since the 

immune system is known to be involved with the pathophysiology of CMT, steroid or immunoglobulin treatment 

could also be considered. Agents that can cause neurotoxicity, such as vinca alkaloids, cisplatin, oxaliplatin, and 

taxol derivatives, should be avoided [34]. These agents are believed to cause interruption of axonal transport, 

exacerbation of existing neuropathy, and precipitation of de novo neuropathy. 

 

3.2 Rehabilitation and physical supportive treatment 

Gait training, exercise, postural stabilization, fall risk prevention, energy conservation techniques, and training with 

assistive devices for patients with CMT belong to this, and it improves walking ability and limb strength through 

exercise and prevents tendon retraction through stretching. Ankle-foot-orthoses improve lower extremity control and 

help increase gait speed. Depending on the patient, some may feel uncomfortable from not becoming well 

acclimated to the orthoses, and thus, training is necessary, and custom-fitted ankle-foot-orthoses are more 

comfortable and have better compliance. 
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3.3 Surgical treatment 

Correction by a surgical procedure is an option in cases of chronic ankle sprains, feeling uncomfortable to ankle-

foot-orthoses, and no pain reduction from wearing orthoses. Correction methods include soft-tissue surgery, 

osteotomies, and joint fusions. Surgical goals are to realign joints, correct bony deformities, and maintain muscle 

balance and different methods for different patients to achieve these goals. Soft-tissue surgery is an early minimally 

invasive procedure, which includes plantar fasciotomy, tendon transfers, and tendon lengthening.  

 

In cases of severe forms of CMT, respiratory and sleep disorders with restrictive pulmonary impairment, obstructive 

sleep apnea, and vocal cord dysfunction may appear, and correction may be needed if spinal deformities or hip 

dysplasia are present. The incidence of spinal deformity in CMT is 26-37%, which includes scoliosis (58%), 

kyphoscoliosis (31%) and thoracic kyphosis (11%) [35]. In such cases, instrumentation-based surgical stabilization 

may be needed. Hip dysplasia may require reconstructive procedures on the proximal femur, and acetabulum and 

there is a very high risk of advancing to osteoarthritis during long-term follow-up.  

 

For respiratory disorder, noninvasive positive pressure ventilation could be used if any one or more of the following 

conditions are met: FVC<50% predicted, 5 minutes or more of nocturnal desaturation <88%, MIP<60 cm H2O, and 

PaCO2 >45 mmHg. For restless legs syndrome, dopaminergic agents, carbamazepine, or gabapentin may be used. 

To treat vocal cord dysfunction, cordotomy, vocal cord lateralization, medicalization to preserve phonation, and 

tracheotomy could be considered. 

 

Drug therapy 

       1. Pain control 

       2. Progesterone antagonists 

       3. Curcumin, NT3, Coenzyme Q10 

       4. Ascorbic acid 

       5. Steroid 

       6. Immunoglobulin 

Rehabilitation, supportive treatment 

       1. Gait training, exercise, postural stabilization 

       2. Fall risk prevention 

       3. Ankle-foot-orthoses 

       4. Respiratory and sleep disorder 

              1) Positive pressure ventilation 

       5. Restless legs syndrome 

              1) Dopamine 

              2) Carbamazepine 

              3) Gabapentin 

       6. Vocal cord dysfunction 
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              1) Cordotomy 

              2) Vocal cord lateralization 

              3) Medialization to preserve phonation 

              4) Tracheotomy 

Surgical treatment 

       1. Soft-tissue surgery 

              1) Plantar fasciotomy 

              2) Tendon transfer 

              3) Tendon lengthening 

       2. Osteotomy 

       3. Joint fusion 

              1) Triple arthrodesis 

       4. Spine & hip 

              1) Surgical stabilization 

              2) Reconstructive procedures 

 

Table 3: Treatment of CMT. 

 

4. Anesthetic Management of Charcot-Marie-Tooth Disease 

Various types of CMT findings appear depending on the clinical findings, genetic patterns, electrophysiologic 

findings, and mutated genes involved. Anesthetic method for CMT may vary according to each clinical symptom. In 

general, anesthetic management for CMT should consider the following: hyperkalemia associated with using 

succinylcholine, association with malignant hyperthermia, prolong the muscle relaxation action of neuromuscular 

blocking agent, as well as cardiac manifestations and respiratory and vocal cord dysfunction that may appear in 

patients with CMT. 

 

4.1. Hyperkalemia and malignant hyperthermia 

Patients with CMT are in a state of chronic denervation [36], which could act as a potent predisposing factor of 

hyperkalemia that may appear after using succinylcholine for up-regulation of the cholinergic receptor. Findings of 

hyperkalemia could be easily recognized based on changes in EKG and hemodynamic change. In most cases, 

however, findings of hyperkalemia do not appear, which is perhaps due to the denervation process being much 

slower than the atrophic process in the muscles, resulting in relatively less potassium release [37]. Moreover, 

potassium release could be reduced by administering defasciculating dose of non-depolarizing muscle relaxant. 

Even if there are no specific problems with using succinylcholine, it should be used with caution or its use should be 

avoided if significant muscle denervation and wasting are expected [37]. 

 



Arch Clin Med Case Rep 2020; 4 (1): 138-152    DOI: 10.26502/acmcr.96550179 

 

 

Archives of Clinical and Medical Case Reports    145 

 

The association with malignant hyperthermia (MH) during inhalation anesthesia in patients with CMT is still 

unclear. It is believed that sevoflurane can trigger MH in susceptible patients [38], while anesthesia using 

succinylcholine and inhalation agents did not trigger MH in 90% of the patients. However, due to the small sample 

size, such a possibility cannot be completely dismissed [37]. Pasha et al. [39] reported that the reason why MH does 

not appear in CMT is that CMT is a form of peripheral neuropathy, not myopathy. Therefore, inhalation agents 

should be used with caution when dealing with patients with CMT, while using total intravenous anesthesia (TIVA) 

may be a wise choice as well.  

 

4.2 Inhalation agents 

Theoretically, prolonged use of N2O could show neurotoxicity from inhibition of methionine synthases, and thus, it 

should be used with caution. Other inhalation agents act to enhance muscle relaxation effects in addition to the 

muscle relaxation effects of neuromuscular blocking agent, and thus, they should be used while remembering that 

they may produce an undesired prolonged effect of muscle relaxation [40-42]. It should be kept in mind that such 

effect is amplified even more in patients with muscle weakness. Sevoflurane has been reported to cause prolongation 

of the QT interval, and thus, it should be used with caution in patients with QT prolongation (long QT syndrome) 

[43]. 

 

4.3 Cardiac symptoms and signs in Charcot-Marie-Tooth disease 

Cardiac dysrhythmia and conduction disturbances may also appear in cases involving CMT with several studies 

reporting an increased incidence of mitral valve prolapse [44, 45]. However, increased cardiac manifestations in 

patients with CMT, as compared to a normal population, has not yet been proven. Other reported manifestations 

include long QT syndrome, paroxysmal atrial flutter, cardiomyopathy, and A-V block [45-47]. Therefore, it is 

important to select drugs that do not affect arrhythmia and conduction disturbance. Among those, propofol does not 

affect the cardiac conduction system, and thus, it could be used on a patient with CMT who have arrhythmia [48]. 

 

4.4 Neuromuscular blocking agents in CMT 

Studies on non-depolarizing neuromuscular blocking agents (NMBAs) in CMT have reported conflicting results, 

with NMBA effect being normal, increased, or decreased. Pogson et al. [40] reported on the prolonged 

neuromuscular blockade of vecuronium used in general anesthesia, while Baraka et al. [49] reported that the actions 

of vecuronium were normal in patients with generalized areflexia and muscle weakness. Naguib et al. [50] reported 

that the muscle relaxation effect of atracurium and mivacurium was normal, while a review of 86 patient cases by 

Antognini [37] reported that patients with CMT responded normally to muscle relaxants. Schmitt et al. [51] also 

reported that after using mivacurium on pediatric patients with CMT, they showed no difference as compared to a 

normal population, while Ortiz-Gómez et al. [52] reported that no prolonged duration was found after using 

rocuronium. Prolongation of NMBA in patients with CMT theoretically occurs from muscle weakness and atrophy 

due to loss of motor units, and up-regulation of acetylcholine receptors occurs at the neuromuscular junction. Such 
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up-regulation occurs due to denervation, burns and chronic administration of anticonvulsants or muscle relaxants, 

and due to such up-regulation, prolongation of NMBA occurs from increased sensitivity of non-depolarizing 

neuromuscular blocking agents. 

 

However, up-regulation increases the number of cholinergic receptors to show normal or moderate resistance of 

NMBA ultimately, and as a result, a prolonged muscle relaxation of NMBA may not appear [49]. Moreover, there is 

a possibility of prolonged block if the nerves that monitor neuromuscular function monitor posterior tibial, ulnar, 

and facial nerves infiltrated by CMT [37]. 

 

During neuromuscular function monitoring, monitoring of facial nerves is more appropriate than that of ulnar and 

tibial nerves, which is due to clinical involvement of the extremities [40], and because effective nerve monitoring 

could be used for easier titration of neuromuscular blocking agent and identification of adequate reversal signs. 

Moreover, facial nerves are normally spared, and relaxation of the eye muscles corresponds well with relaxation of 

the diaphragm [53]. However, clinically monitoring being difficult still remains a problem [54]. 

 

4.5 Respiratory and vocal cord dysfunction 

When using neuromuscular blocking agents in CMT, caution should be taken regarding respiratory and vocal cord 

dysfunction. Pulmonary impairment may occur and sometimes could be accompanied by weakness in the intercostal 

muscles and diaphragm [2]. If there are findings of diaphragmatic dysfunction, the risk of prolongation of a 

neuromuscular blocking agent may be significantly increased. If patients with CMT are comorbid with phrenic 

nerve and vocal cord dysfunction, aspiration risk would also increase significantly. Patients with even severe 

pulmonary dysfunction may appear normal on the outside, while proximal muscle weakness in the arms could be a 

predictor of respiratory muscle weakness. 

 

Hyperkalemia 

Release of potassium after exposure to succinylcholine Well tolerated (probably safe) 

Defasciculating dose of a nondepolarizing muscle relaxant 

Malignant hyperthermia 

Susceptible patients: avoid triggering agent 

Reasonably use of inhalation agents 

TIVA with propofol, remifentanil 

Inhalation agents 

N2O: neurotoxicity (theoretically) 

Sevoflurane: prolongation of QT interval 

Enhance the effects of NMBA 
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Neuromuscular blocking agents 

Safe use of NMBA, but continuous monitoring of NMBA 

Respiratory and vocal cord dysfunction 

(+) symptoms & signs: prolongation of NMBA 

(-) symptoms & signs: safe use of NMBA 

Regional anesthesia 

Important that neurologic deficits are assessed before RA 

Sugammadex 

Advantage in CICV situations 

Abbreviations: NMBA: neuromuscular blocking agents, RA: regional anesthesia, CICV: cannot intubate, cannot 

ventilate 

 

 Table 4: Anesthetic considerations in CMT. 

4.6 Regional anesthesia 

Performing regional anesthesia (RA) on patients who already have a neurological disorder is controversial. 

Moreover, because the possibility of an existing neurological disease becoming worse, some anesthesiologists are 

fearful, while lack of patient-controlled studies is another reason it is not performed often. Ultrasound-guided nerve 

blocks could be a method that can reduce the risk of neurologic complications. However, what is most important is 

identifying the presence of any deficits by neurologic examination before performing RA [55]. 

 

4.7 Sugammadex 

Sugammadex, a modified gamma-cyclodextrin, is a selective NMBA binding agent that can inactivate steroidal 

NMBA, such as rocuronium or vecuronium. In a study that compared the time required to reach TOF-ratio ≥0.9 

between neostigmine and sugammadex, sugammadex showed excellent efficacy in moderate and deep block, and 

immediate reversal of high dose rocuronium effect [56]. Moreover, the use of sugammadex for emergency reversal 

during ‘cannot intubate, cannot ventilate’ (CICV) situations has been reported [57-59]. However, it should be noted 

that there have been reported cases of rash, erythema, hypotension, wheezing, and periorbital edema [60, 61]. In 

addition, QT prolongation and AV block have been reported, and because it is excreted by urine in an unchanged 

form, it is not recommended when there is indication of renal failure [62]. 

 

4.8 Risk factors for residual neuromuscular blockade 

It should be kept in mind that when the effect of NMBA is prolonged in cases with higher dose of NMBA, absence 

of neuromuscular blockade monitoring, inhalation agents, aminoglycoside antibiotics, hypercarbia, acidosis, 

hypothermia, hypocalcemia, and hypercalcemia. 
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5. Conclusion 

In conclusion, succinylcholine should be used reasonably as long as the patient is not susceptible to malignant 

hyperthermia, and if there is no involvement of the respiratory muscles, NMBA could also be used through 

appropriate monitoring of the neuromuscular blocking agent. Moreover, if neurologic deficits have been adequately 

assessed, regional anesthesia should not be problematic, while using sugammadex for reversal of NMBA could be 

considered as well. Drugs should be used with caution, and if an appropriate dose is administered by dose titration, 

anesthesia for cases involving CMT should not present major problems. However, because new phenotypes may 

appear due to the expression of other mutated genes, caution and close monitoring are always needed. Furthermore, 

communication among physicians, neurologists, surgeons, and anesthesiologists is also essential in improving the 

outcome of CMT. 

 

References 

1. Berger P, Young P, Suter U. Molecular cell biology of Charcot-Marie-Tooth disease. Neurogenetics 4 

(2002): 1-15. 

2. Aboussouan LS, Lewis RA, Shy ME. Disorders of pulmonary function, sleep, and the upper airway in 

Charcot-Marie-Tooth disease. Lung 185 (2007): 1-7. 

3. Pareyson D, Marchesi C. Diagnosis, natural history, and management of Charcot-Marie-Tooth disease. 

Lancet Neurol 8 (2009): 654-667. 

4. Kurihara S, Adachi Y, Wada K, et al. An epidemiological genetic study of Charcot-Marie-Tooth disease in 

Western Japan. Neuroepidemiology 21 (2002): 246-250. 

5. Hattori N, Yamamoto M, Yoshihara T, et al. Demyelinating and axonal features of Charcot-Marie-Tooth 

disease with mutations of myelin-related proteins (PMP22, MPZ and Cx32): a clinicopathological study of 

205 Japanese patients. Brain 126 (2003): 134-151. 

6. Shy ME, Jáni A, Krajewski K, et al. Phenotypic clustering in MPZ mutations. Brain 127 (2004): 371-384. 

7. Szigeti K, Lupski JR. Charcot-Marie-Tooth disease. Eur J Hum Genet 17 (2009): 703-710. 

8. Boerkoel CF, Takashima H, Garcia CA, et al. Charcot-Marie-Tooth disease and related neuropathies: 

mutation distribution and genotype-phenotype correlation. Ann Neurol 51 (2002): 190-201. 

9. Szigeti K, Garcia CA, Lupski JR. Charcot-Marie-Tooth disease and related hereditary polyneuropathies: 

Molecular diagnostics determine aspects of medical management. Genet Med 8 (2006): 86-92. 

10. Ishihara N, Eura Y, Mihara K. Mitofusin 1 and 2 play distinct roles in mitochondrial fusion reactions via 

GTPase activity. J Cell Sci 117 (2004): 6535-6546. 

11. Verhoeven K, Claeys KG, Züchner S, et al. MFN2 mutation distribution and genotype/phenotype 

correlation in Charcot-Marie-Tooth type 2. Brain 129 (2006): 2093-2102. 

12. Züchner S, De Jonghe P, Jordanova A, et al. Axonal neuropathy with optic atrophy is caused by mutations 

in mitofusin 2. Ann Neurol 59 (2006): 276-281. 



Arch Clin Med Case Rep 2020; 4 (1): 138-152    DOI: 10.26502/acmcr.96550179 

 

 

Archives of Clinical and Medical Case Reports    149 

 

13. Loiseau D, Chevrollier A, Verny C, et al. Mitochondrial coupling defect in Charcot-Marie-Tooth type 2A 

disease. Ann Neurol 61 (2007): 315-323. 

14. Amiott EA, Lott P, Soto J, et al. Mitochondrial fusion and function in Charcot-Marie-Tooth type 2A patient 

fibroblasts with mitofusin 2 mutations. Exp Neurol 211 (2008): 115-127. 

15. Sevilla T, Cuesta A, Chumillas MJ, et al. Clinical, electrophysiological and morphological findings of 

Charcot-Marie-Tooth neuropathy with vocal cord palsy and mutations in the GDAP1 gene. Brain 126 

(2003): 2023-2033. 

16. McCorquodale D, Pucillo EM, Johnson NE. Management of Charcot-Marie-Tooth disease: improving 

long-term care with a multidisciplinary approach. J Multidiscip Healthc 9 (2016): 7-19. 

17. Burgunder JM, Schöls L, Baets J, et al. EFNS guidelines for the molecular diagnosis of neurogenetic 

disorders: motoneuron, peripheral nerve and muscle disorders. Eur J Neurol 18 (2011): 207-217. 

18. Shy ME. Therapeutic strategies for the inherited neuropathies. Neuromolecular Med 8 (2006): 255-278. 

19. Herrmann DN. Experimental therapeutics in hereditary neuropathies: the past, the present, and the future. 

Neurotherapeutics 5 (2008): 507-515. 

20. Attarian S, Vallat JM, Magy L, et al. An exploratory randomised double-blind and placebo-controlled 

phase 2 study of a combination of baclofen, naltrexone and sorbitol (PXT3003) in patients with Charcot-

Marie-Tooth disease type 1A. Orphanet J Rare Dis 9 (2014): 199. 

21. Chumakov I, Milet A, Cholet N, et al. Polytherapy with a combination of three repurposed drugs 

(PXT3003) down-regulates Pmp22 over-expression and improves myelination, axonal and functional 

parameters in models of CMT1A neuropathy. Orphanet J Rare Dis 9 (2014): 201. 

22. Mandel J, Bertrand V, Lehert P, et al. A meta-analysis of randomized double-blind clinical trials in 

CMT1A to assess the change from baseline in CMTNS and ONLS scales after one year of treatment. 

Orphanet J Rare Dis 10 (2015): 74. 

23. Schillings ML, Kalkman JS, Janssen HM, et al. Experienced and physiological fatigue in neuromuscular 

disorders. Clin Neurophysiol 118 (2007): 292-300. 

24. Padua L, Cavallaro T, Pareyson D, et al. Charcot-Marie-Tooth and pain: correlations with 

neurophysiological, clinical, and disability findings. Neurol Sci 29 (2008): 193-194. 

25. Meyer zu Horste G, Prukop T, Liebetanz D, et al. Antiprogesterone therapy uncouples axonal loss from 

demyelination in a transgenic rat model of CMT1A neuropathy. Ann Neurol 61 (2007): 61-72. 

26. Hoff JM, Gilhus NE, Daltveit AK. Pregnancies and deliveries in patients with Charcot-Marie-Tooth 

disease. Neurology 64 (2005): 459-462. 

27. Passage E, Norreel JC, Noack-Fraissignes P, et al. Ascorbic acid treatment corrects the phenotype of a 

mouse model of Charcot-Marie-Tooth disease. Nat Med 10 (2004): 396-401. 

28. Kaya F, Belin S, Bourgeois P, et al. Ascorbic acid inhibits PMP22 expression by reducing cAMP levels. 

Neuromuscul Disord 17 (2007): 248-253. 



Arch Clin Med Case Rep 2020; 4 (1): 138-152    DOI: 10.26502/acmcr.96550179 

 

 

Archives of Clinical and Medical Case Reports    150 

 

29. Burns J, Ouvrier RA, Yiu EM, et al. Ascorbic acid for Charcot-Marie-Tooth disease type 1A in children: a 

randomised, double-blind, placebo-controlled, safety and efficacy trial. Lancet Neurol 8 (2009): 537-544. 

30. Micallef J, Attarian S, Dubourg O, et al. Effect of ascorbic acid in patients with Charcot-Marie-Tooth 

disease type 1A: a multicentre, randomised, double-blind, placebo-controlled trial. Lancet Neurol 8 (2009): 

1103-1110. 

31. Verhamme C, de Haan RJ, Vermeulen M, et al. Oral high dose ascorbic acid treatment for one year in 

young CMT1A patients: a randomised, double-blind, placebo-controlled phase II trial. BMC Med 7 (2009): 

70. 

32. Pareyson D, Reilly MM, Schenone A, et al. Ascorbic acid in Charcot-Marie-Tooth disease type 1A (CMT-

TRIAAL and CMT-TRAUK): a double-blind randomised trial. Lancet Neurol 10 (2011): 320-328. 

33. Lewis RA, McDermott MP, Herrmann DN, et al. High-dosage ascorbic acid treatment in Charcot-Marie-

Tooth disease type 1A: results of a randomized, double-masked, controlled trial. JAMA Neurol 70 (2013): 

981-987. 

34. Weimer LH, Podwall D. Medication-induced exacerbation of neuropathy in Charcot Marie Tooth disease. J 

Neurol Sci 242 (2006): 47-54. 

35. Horacek O, Mazanec R, Morris CE, et al. Spinal deformities in hereditary motor and sensory neuropathy: a 

retrospective qualitative, quantitative, genotypical, and familial analysis of 175 patients. Spine (Phila Pa 

1976) 32 (2007): 2502-2508. 

36. Bertorini T, Narayanaswami P, Rashed H. Charcot-Marie-Tooth disease (hereditary motor sensory 

neuropathies) and hereditary sensory and autonomic neuropathies. Neurologist 10 (2004): 327-337. 

37. Antognini JF. Anaesthesia for Charcot-Marie-Tooth disease: a review of 86 cases. Can J Anaesth 39 

(1992): 398-400. 

38. Ducart A, Adnet P, Renaud B, et al. Malignant hyperthermia during sevoflurane administration. Anesth 

Analg 80 (1995): 609-611. 

39. Pasha TM, Knowles A. Anaesthetic management of a patient with Charcot-Marie-Tooth disease for staged 

diaphragmatic plication. Br J Anaesth 110 (2013): 1061-1063. 

40. Pogson D, Telfer J, Wimbush S. Prolonged vecuronium neuromuscular blockade associated with Charcot 

Marie Tooth neuropathy. Br J Anaesth 85 (2000): 914-917. 

41. Kotani N, Hirota K, Anzawa N, et al. Motor and sensory disability has a strong relationship to induction 

dose of thiopental in patients with the hypertropic variety of Charcot-Marie-Tooth syndrome. Anesth Analg 

82 (1996): 182-186. 

42. Kaplan RF, Garcia M, Hannallah RS. Mivacurium-induced neuromuscular blockade during sevoflurane 

and halothane anaesthesia in children. Can J Anaesth 42 (1995): 16-20. 

43. Kuenszberg E, Loeckinger A, Kleinsasser A, et al. Sevoflurane progressively prolongs the QT interval in 

unpremedicated female adults. Eur J Anaesthesiol 17 (2000): 662-664. 



Arch Clin Med Case Rep 2020; 4 (1): 138-152    DOI: 10.26502/acmcr.96550179 

 

 

Archives of Clinical and Medical Case Reports    151 

 

44. Isner JM, Hawley RJ, Weintraub AM, et al. Cardiac findings in Charcot-Marie-Tooth disease. A 

prospective study of 68 patients. Arch Intern Med 139 (1979): 1161-1165. 

45. Tetzlaff JE, Schwendt I. Arrhythmia and Charcot-Marie-Tooth disease during anesthesia. Can J Anaesth 47 

(2000): 829. 

46. Losito L, De Rinaldis M, Gennaro L, et al. Charcot-Marie-Tooth type 1a in a child with Long QT 

syndrome. Eur J Paediatr Neurol 13 (2009): 459-462. 

47. Chaouch M, Allal Y, De Sandre-Giovannoli A, et al. The phenotypic manifestations of autosomal recessive 

axonal Charcot-Marie-Tooth due to a mutation in Lamin A/C gene. Neuromuscul Disord 13 (2003): 60-67. 

48. Sharpe MD, Dobkowski WB, Murkin JM, et al. Propofol has no direct effect on sinoatrial node function or 

on normal atrioventricular and accessory pathway conduction in Wolff-Parkinson-White syndrome during 

alfentanil/midazolam anesthesia. Anesthesiology 82 (1995): 888-895. 

49. Baraka AS. Vecuronium neuromuscular block in a patient with Charcot-Marie-Tooth syndrome. Anesth 

Analg 84 (1997): 927-928. 

50. Naguib M, Samarkandi AH. Response to atracurium and mivacurium in a patient with Charcot-Marie-

Tooth disease. Can J Anaesth 45 (1998): 56-59. 

51. Schmitt HJ, Wick S, Münster T. Onset and duration of mivacurium-induced neuromuscular blockade in 

children with Charcot-Marie-Tooth disease. A case series with five children. Paediatr Anaesth 16 (2006): 

182-187. 

52. Ortiz-Gómez JR, Palacio-Abizanda FJ, Fornet-Ruiz I. Rocuronium induced neuromuscular blockade 

reversion with sugammadex in a patient with Charcot-Marie-Tooth disease. Anest Ratow 4 (2010): 307-

309. 

53. Hemmerling TM, Schmidt J, Hanusa C, et al. Simultaneous determination of neuromuscular block at the 

larynx, diaphragm, adductor pollicis, orbicularis oculi and corrugator supercilii muscles. Br J Anaesth 85 

(2000): 856-860. 

54. Gálvez-Cañellas JL, Errando CL, Martinez-Torrente F, et al. Anaesthesia and orphan disease: difficult 

monitoring of neuromuscular blockade in a patient with severe Charcot-Marie-Tooth disease type I. Eur J 

Anaesthesiol 30 (2013): 772-775. 

55. Schmitt HJ, Muenster T. Anesthesia in patients with neuromuscular disorders. Minerva Anestesiol 75 

(2009): 632-637. 

56. Gold SJA, Harper NJN. The place of sugammadex in anaesthesia practice. Trends in Anaesthesia and 

Critical care 2 (2012): 4-9. 

57. McTernan CN, Rapeport DA, Ledowski T. Successful use of rocuronium and sugammadex in an 

anticipated difficult airway scenario. Anaesth Intensive Care 38 (2010): 390-392. 

58. Desforges JC, McDonnell NJ. Sugammadex in the management of a failed intubation in a morbidly obese 

patient. Anaesth Intensive Care 39 (2011): 763-764. 



Arch Clin Med Case Rep 2020; 4 (1): 138-152    DOI: 10.26502/acmcr.96550179 

 

 

Archives of Clinical and Medical Case Reports    152 

 

59. Hogg R, Lappin E, Shields M, et al. Sugammadex allows the use of rocuronium in place of succinylcholine 

during rapid sequence induction of anaesthesia. Br J Anaesth 105 (2010): 725-726. 

60. Peeters PA, van den Heuvel MW, van Heumen E, et al. Safety, tolerability and pharmacokinetics of 

sugammadex using single high doses (up to 96 mg/kg) in healthy adult subjects: a randomized, double-

blind, crossover, placebo-controlled, single-centre study. Clin Drug Investig 30 (2010): 867-874. 

61. Menéndez-Ozcoidi L, Ortiz-Gómez JR, Olaguibel-Ribero JM, et al. Allergy to low dose sugammadex. 

Anaesthesia 66 (2011): 217-219. 

62. Schaller SJ,Fink H. Sugammadex as a reversal agent for neuromuscular block: an evidence-based review. 

Core Evid 8 (2013): 57-67. 

 

 

 

 

 

 

    This article is an open access article distributed under the terms and conditions of the  

     Creative Commons Attribution (CC-BY) license 4.0  

 

Citation: Jae Won Kim MD, Jin Ho Choi MD, Goo Kim MD, Keon Hee Ryu MD, PhD, Sun Gyoo Park, 

MD, PhD, Chang Young Jeong MD, PhD, Dong Ho Park MD, PhD. Anesthetic Management of Charcot-

Marie-Tooth Disease. Archives of Clinical and Medical Case Reports 4 (2020): 138-152. 

http://creativecommons.org/licenses/by/4.0/

