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Diagnosed as Charcot-Marie-Tooth Disease: 
A Case Report
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Abstract: Ultrasound-guided peripheral nerve block (PNB) has become a popular anesthetic 
procedure. We report a case of an enlarged brachial plexus nerve noted on ultrasonographic 
images, as part of PNB, which was diagnosed postoperatively as Charcot-Marie-Tooth disease 
(CMTD), an inherited neurological disorder of the peripheral nerves. Although nerve enlarge-
ment is characteristic of demyelinating diseases such as CMTD, the use of ultrasonography in the 
diagnosis of neurological disorders is a developing area for neurologists and anesthesiologists 
can lack knowledge in this emerging field. Unusual nerve presentation on ultrasonographic 
images during PNB anesthetic procedures should be recognized as being indicative of underlying 
neurologic disorders. This case highlights that increased awareness of the diagnosis of under-
lying neurologic disorders by ultrasonography would assist the general practice of PNB in 
anesthetic medicine. This is especially important as underlying neurological conditions can 
have important consequences for patient-appropriate anesthesia and may inform best anesthetic 
practice. A new category, “neurological disorder on ultrasound image”, should be introduced to 
PNB knowledge in anesthetic field. 
Keywords: ultrasonography, local anesthesia and analgesia, neurological disorders, 
demyelinating diseases

Introduction
Charcot-Marie-Tooth disease (CMTD) is one of the most commonly encountered 
inherited sensory-motor neuropathic disorders. Demyelination, followed by nerve 
enlargement, is well-known as a characteristic feature of this disease. 
Ultrasonographic techniques have been developed for use in elucidating nerve changes, 
such as the enlargement in CMTD, and can help diagnose neurological disorders.1

In anesthesiology, ultrasonography has also become an important tool, espe-
cially for ultrasound-guided peripheral nerve block (PNB) when used as an analge-
sic treatment. There are, however, specific concerns for patients with CMTD 
undergoing anesthesia.2 Depolarizing muscle relaxants may cause hyperkalemia, 
while non-depolarizing ones may result in prolongation of the analgesic effect. 
Moreover, local anesthetics can have toxic effects on demyelinated nerves.3

Herein we report a case of a patient with an enlarged brachial plexus that was 
discovered during ultrasound-guided PNB and was diagnosed postoperatively as 
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CMTD. This case report highlights the need to recognize 
the significance of nerve changes in ultrasonographic 
images in PNB procedures to ensure that anesthesiologists 
are able to provide safe anesthesia in similar cases.

Case Description
A 56-year-old woman (height 161 cm, weight 74 kg, body 
mass index 28) was scheduled to undergo neurolysis per-
formed by a hand surgeon to treat median nerve palsy. She 
had suffered from numbness in her right thumb with increas-
ing severity for six months. Her medical history included 
depression and osteoarthritis of the left knee and right hip. 
She had no abnormalities in the routine preoperative exam-
inations that included blood tests, electrocardiography, and 
respiratory function tests. No apparent anatomical anomalies 
were declared. However, electrophysiological examination, 
which is conducted preoperatively in all hand surgery 
patients, revealed slow nerve conduction.

Total intravenous anesthesia was administered as 
a single bolus of 5 mg midazolam and 20 mg ketamine, 
followed by 2 mg/kg/hour propofol. Subsequently, the 
brachial plexus was scanned by an ultrasonographic scan-
ner with a 15–6 MHz linear array transducer to assist in 
performing a nerve block for intraoperative and postopera-
tive analgesia. Unexpectedly, ultrasonographic images 
revealed enlarged brachial plexus nerves (Figure 1). 
Three nerve trunks were evident in the supraclavicular 
region, with cross sectional dimensions of approximately 
6.3 x 4.4 mm (upper trunk), 6.3 x 5.3 mm (middle trunk), 
and 7.8 x 6.3 mm (lower trunk), with their respective 

cross-sectional areas (CSAs) being 21.8 mm2, 26.2 mm2, 
and 38.6 mm2.

Following consultation with the surgeon, it was decided 
to operate as scheduled. A PNB at the supraclavicular level 
was performed, and local anesthetics were injected as initi-
ally planned. After 10 mL 0.75% ropivacaine and 10 mL 1% 
lidocaine were injected around the nerves under ultrasono-
graphic guidance, a good sensory and motor block ensued. 
Spontaneous respiration was maintained with a face mask (5 
L/min oxygen). During the operation, anesthetic mainte-
nance was straightforward, and the surgery proceeded 
uneventfully. The total surgery time was 57 minutes, and 
the total anesthesia time was 78 minutes. The postoperative 
course was uneventful, and the analgesic effects remained 
for 10 hours. The patient was discharged the following day.

Postoperatively, we consulted a neurologist, who 
further investigated the potential presence of an underlying 
neurological disorder. The neurologist suspected CMTD 
based on the characteristic nerve enlargement and foot 
deformity, which is pathognomonic of CMTD (Figure 2). 
The patient’s foot exhibited high arches and claw toes, but 
were unnoticed by the patient.

Cervical magnetic resonance imaging (MRI) was 
performed without contrast medium (1.5 T, repetition 
time 3500 ms, echo time 127 ms). Gigantic bilateral 
brachial nerves were observed on a coronal T2- 
weighted image (Figure 3). Genetic testing was per-
formed, identifying duplication of the peripheral myelin 
protein 22 (PMP22) gene. This mutation is consistent 
with CMTD type 1A.

Figure 1 Ultrasonographic image of the brachial plexus in the interscalene. Three nerve trunks are indicated with red arrows. Their cross sectional dimensions are 
approximately 6.3 x 4.4 mm (upper trunk), 6.3 x 5.3 mm (middle trunk), and 7.8 x 6.3 mm (lower trunk).
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Discussion
Ultrasound-guided PNB has become a common anesthetic 
procedure, and consequently, anesthesiologists are familiar 
with the appearances of nerves on ultrasonographic 
images. Occasionally, the nervous system may present 
with unusual anatomy. The objective of anesthesiologists 
is to perform PNB while being aware of possible uncom-
mon features. In the present case, the nerves were clearly 
enlarged, but the anesthesiologists were unfamiliar with 
this finding. Consultation with a neurologist regarding the 
abnormality led to the diagnosis of CMTD.

CMTD is one of the most commonly encountered 
inherited sensory-motor neuropathic disorders, with an 
estimated incidence of approximately 1 in 2500.4–6 

Traditionally, these neuropathies have been diagnosed by 
MRI, nerve conduction tests, and pathological tests, fol-
lowing the European Federation of Neurological Societies/ 
Peripheral Nerve Society guidelines.7 Ultrasonography has 
recently become a prevalent complementary examination 
tool for neurologists, performed in conjunction with MRI. 
It is non-invasive and easy-to-perform at the bedside, but 
the results can be dependent to a degree on the examining 
practitioner, and it can be difficult to obtain clear imaging 
of deep structures.1 As a result, it is not recommended in 
the relevant guidelines. In the current case, CMTD was 
suspected based on clinical symptoms, MRI, and nerve 
conduction testing. Genetic testing led to a definitive diag-
nosis of CMTD.

Demyelination is a characteristic pathological feature of 
CMTD. A repeated cycle of demyelination and remyelination 

leads to the enlargement of some nerves due to the formation 
of myelin layers called “onion bulbs.”8 The enlarged nerves 
observed in our patient were consistent with this “onion bulb” 
type.

In previous studies, the sizes of peripheral nerves have 
been determined using ultrasonography.9–11 Sugimoto et al12 

evaluated and compared enlargement of peripheral nerves in 
cases of CMTD and chronic inflammatory demyelinating 
polyneuropathy (CIDP), reporting that ultrasonography was 
useful for nerve enlargement diagnosis in both diseases. 
Moreover, the median and ulnar nerves in CMTD were 
significantly larger than those in CIDP. Won et al9 measured 
the CSAs of the brachial plexus nerves by ultrasonography 
and reported that the mean bilateral areas were 16.70 ± 
2.88, 14.01 ± 2.70, and 13.75 ± 2.57 mm2 in the upper, 
middle, and lower trunk segments, respectively. In our 
patient, the corresponding CSAs were substantially larger, 
at 21.8, 26.2, and 38.6 mm2, respectively. The difference 
suggests that a nerve swelling of more than 30% is suffi-
cient for diagnosing the neuropathy by ultrasonography. 
Yoon et al have evaluated nerve swelling for ulnar neuro-
pathy diagnosis and suggested that a ratio of >1.5 might be 
informative.13

We have some concerns regarding the general practice 
of anesthesia in CMTD patients.2 The biggest foreseeable 
complication relates to the use of muscle relaxants. 
Depolarizing muscle relaxants are of major concern 
because muscle wasting in CMTD is considered to 
increase extracellular potassium, leading to hyperkalemia. 
A combination of the relaxants and hyperkalemia could 
trigger malignant hyperthermia.14 The demyelinating 

Figure 2 The patient’s feet as a pathognomonic characteristic of CMTD, showing high arches and claw toes. The patient had not noticed these abnormalities. 
Abbreviation: CMTD, Charcot-Marie-Tooth disease.
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nerve in CMTD may also be sensitive to non-depolarizing 
muscle relaxants, resulting in prolonged neuromuscular 
blocking.14 Inhalational agents may also present some 
risks to CMTD patients. However, Isbister et al15 sug-
gested that nitrous oxide would be safe. Intravenous anes-
thetics, including propofol, fentanyl, alfentanil, and 
thiopental, are also considered relatively safe since they 
do not appear to elicit high sensitivity.14 In the current 
case, only intravenous anesthetics were used.

Some studies have concluded that PNB is efficient and 
has no adverse outcomes, such as nerve injury.16,17 Other 

reports have warned about possible nerve injury after 
neuraxial anesthesia. Hebl et al evaluated the neurologic 
complications after neuraxial anesthesia in patients with 
peripheral sensorimotor neuropathy.18 They reported that 
0.4% of the 567 patients had postoperative neurologic 
deficits.18 Bui et al reported a case of a CMTD patient 
who underwent shoulder surgery and suggested that PNB 
should only be considered in cases in which the potential 
benefits outweigh the potential risks.19 Regional anesthesia 
in CMTD patients remains controversial, and anesthesiol-
ogists have not been able to dispel concerns about PNB. 

Figure 3 Cervical magnetic resonance imaging (MRI) without contrast medium enhancement. All bilateral brachial nerves are identified as gigantic on a coronal T2-weighted 
image. The red arrow shows the enlargement of the cervical nerves.
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The current consensus is that the toxic effects of direct 
local anesthetic injections around the demyelinated nerves 
are a cause for concern,3 but the inference that this might 
lead to future nerve degeneration is invalid.

In retrospect, when enlarged nerves were observed 
after ultrasonography, we should have conducted further 
examinations before the operation to identify the patient’s 
underlying disease. If we had done so, induction of 
anesthesia could have been planned more cautiously and 
could be tailored to the underlying condition. Notably, few 
studies have performed accurate measurements of enlarged 
nerves in patients with CMTD or other demyelinating 
diseases, and therefore, “enlargement” could not be 
assessed clearly. Another limitation is that anesthesiolo-
gists do not observe the patient over a prolonged period. 
As a result, they cannot know whether the patient will go 
on to develop any adverse symptoms because of the gen-
eral anesthetic procedure or resulting from PNB over time. 
In this patient, an anesthesiologist made a follow-up phone 
call after one year to check that no neurological problems 
had occurred.

Nerve enlargement is a characteristic feature of 
CMTD, but anesthesiologists do not frequently encounter 
it. Furthermore, ultrasonographic diagnosis of neurological 
disorders is a new, developing, and increasingly utilized 
technique. Some examples of its emerging use are in the 
diagnosis of amyotrophic lateral sclerosis to visualize the 
atrophic changes in cervical nerves, in polymyositis or 
dermatomyositis where muscle atrophy and fascial thick-
ening can be detected, and thirdly, in compressive neuro-
pathy, particularly carpal tunnel syndrome and ulnar 
neuropathy at the elbow, where enlargement of the nerve 
proximal to the site of compression, decreased echogeni-
city, and increased vascularity can be identified.20 With 
more detailed knowledge about neurological disorders, 
their symptoms, and ultrasonographic presentation, 
anesthesiologists will be better prepared to identify under-
lying neurological conditions before undertaking surgical 
procedures.

There have been some arguments regarding the frag-
mentation of medical care, where a patient’s missing infor-
mation across multiple departments can lead to medical 
errors, adverse events, and increased medical costs.21 

Some reports emphasized the importance of the integration 
of clinical information technology.21,22 This case is indi-
cative of the problems associated with this type of frag-
mentation of medical care. Although multidisciplinary 
approaches that integrate collaboration between different 

specialist areas can be difficult, it is nonetheless still the 
task of anesthesiologists to judge the general physical 
status of a patient. As many textbooks on PNB are avail-
able, we suggest that a chapter on “neurological disorders 
on ultrasound images” should be included in them. This 
should be considered a new category of knowledge in the 
PNB field for anesthesiologists.

Conclusions
We have described a case in which enlarged brachial 
plexus nerves were detected by ultrasonography and 
subsequently diagnosed as CMTD by genetic testing, 
which revealed a duplication of the PMP22 gene. 
Enlargement of the brachial plexus nerve was objectively 
determined by measuring the CSAs of the nerves. Nerve 
enlargement is a characteristic feature of demyelinating 
diseases, but there is insufficient knowledge among 
anesthesiologists, especially with respect to diagnosis 
by ultrasonography. This case report highlights the 
importance that anesthesiologists are equipped with the 
capacity to recognize the presentation of abnormal 
nerves using ultrasound, especially for the potential iden-
tification of underlying undiagnosed neurologic disor-
ders. This is particularly important since undiagnosed 
neurologic disorders bear relevance for the best anes-
thetic procedure.
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CIDP, chronic inflammatory demyelinating polyneuropa-
thy; CMTD, Charcot-Marie-Tooth disease; CSA, cross- 
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