Downloaded from jnnp.bmj.com on September 2, 2014 - Published by group.bmj.com

Neuromuscular

had no PMP22 rearrangement or patients with the axonal type of
CMT, genomic DNA was extracted from their peripheral blood leu-
cocytes, and then 30 disease-causing genes related to CMT were
screened for using the custom MyGeneChip CustomSeq
Resequencing Array (Affymetrix, Inc, Santa Clara, California,
USA), which was designed to screen for CMT and related diseases,
such as ataxia with oculomotor apraxia types 1 and 2, spinocerebel-
lar ataxia with axonal neuropathy and distal hereditary motor neur-
opathy.'® We designed 363 primer sets to include the entire coding
regions and flanking sequences of the 30 genes (box 1). When a
novel mutation was detected, we performed familial segregation
analysis to elucidate the pathogenicity of the mutation if possible.

Ultrasound

All US examinations were performed by the same examiner
(Y-iN) trained in neuromuscular US, using a GE Logic PS
System (GE Healthcare Japan, Tokyo, Japan) with a 12 MHz
linear-array probe. The cross-sectional areas (CSAs) of the fol-
lowing nerves and nerve roots were measured: median nerve,
sural nerve, great auricular nerves and Cé6 nerve root.
Additionally, the diameter of the Cé root was measured. The
median and the sural nerves were selected for evaluation
because those nerves have been frequently evaluated in preced-
ing studies in patients with CMT. The greater auricular nerve
was examined because of the unique travelling course in the
neck surface and its easy accessibility. The examiner (Y-iN) was
not blinded to the diagnosis or clinical or electrophysiological
findings. All participants were placed in a supine position when

Box 1 Genes analysed in the screening

their median nerves and cervical nerve roots were examined,
and in a prone position when their sural nerves were examined.
The median nerve was imaged at the wrist crease, in the middle
of the forearm, and in the middle of the upper arm. The sural
nerve was imaged 4t 10 cm proximal to the lateral malleolus.
We used the saphenous vein as a landmark when we identified
the sural nerve beside the vein. The great auricular nerve was
imaged at the midpoint between the top of the sternum and
mandibular angle. We could identify the nerve in front of the
sternocleidomastoid muscle (figure 1A). The CSAs were calcu-
lated by manual tracking of the nerve circumference including
the hyperechoic rim. The diameter of the root was measured
between the outer surfaces of the hyperechoic rims. The mea-
sured site of the C6 nerve root was about 1cm distal to the
transverse process after identifying the C6 vertebra using a pre-
viously reported procedure (figure 1B)."*

Nerve conduction studies

Using standard techniques (Neuropack EMG system (Nihon
Kohden, Tokyo, Japan)), conventional NCS was performed.
The skin temperature was maintained above 32°C. The distal
motor latency (DML), compound muscle action potential
(CMAP) amplitude and MCV were recorded from the median
nerve. The MCV was assessed in the wrist to elbow. The
sensory nerve action potential (SNAP) amplitude, SNAP dur-
ation and sensory conduction velocity (SCV) were recorded
from median and sural nerves. Antidromic median and sural
nerve SNAPs were recorded from digit I and behind the lateral
malleolus, respectively. We analysed the corresponding nerves in
unilateral side using US and NCS.

Clinical assessment

Patients with CMT underwent clinical and neurophysiological
assessment based on the CMT Neuropathy Score (CMTNS).™?
The CMTNS is composed of nine items: sensory symptoms,
motor symptoms of legs and arms, pin sensibility, vibration,
strength of legs and arms, ulnar CMAP amplitude and ulnar
SNAP amplitude. The CMTNS ranges from 0 (no deficit) to 36
(maximal deficit).

Statistics

In the analysis of NCS parameters, if no CMAP and SNAP
responses were elicited, they were excluded from analysis except
for the amplitude data (CMAP and SNAP amplitudes in no
response were regarded as 0.001 mV and 0.001 wV, respect-
ively). Fisher’s exact test was used to analyse the gender ratio
between patients with CMT and controls. To compare CMTNS
between the different CMT subgroups, and the US parameters
(CSA and diameter) among the different CMT subgroups and
controls, a Bonferroni-corrected Mann-Whitney U test was
applied. The correlation between the US findings (CSA and
diameter) and clinical parameters (age, height, weight, body
mass index and CMTNS) or the electrophysiological parameters
(DML, MCV, SCV, CMAP amplitude and SNAP amplitude) in
controls and patients with CMT1A was tested with Pearson cor-
relation coefficients. In all comparisons, a p value of less than
0.05 was considered significant. All statistical analyses were per-
formed using STATA software (Stata Corp, Texas, USA).

RESULTS

Clinical data and CMTNS

On the basis of the genetic testing results, 20 patients were classi-
fied with PMP 22 duplication-associated CMT (CMT1A), 3 with
MPZ-associated CMT (2 CMTI1B and 1 CMT2]), 4 with
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Figure 1 The ultrasound images of the great auricular nerve (A) and the measured site in the C6 nerve root' (B ) The dotted curcle mdlcates the
cross-sectional image of the great auricular nerve (A). The distances between the outer surfaces of the hyperecho;c rims (between arrowheads) were

measured as the nerve root dlameter (B).

NEFL-associated CMT (2 CMT1F and 2 CMT2E), 1 with
EGR2-associated CMT and 1 with ARHGEF10-associated CMT.
The patient with CMT2] presented hearing loss and autonomic
dysfunction such as Adie’s pupils and dysuria, in addition to the
distal dominant muscle weakness. All of the patients with
NEFL-associated CMT showed distal dominant muscle weakness.
The patient with EGR2-associated CMT was reported by us
recently.’? The patient with ARHGEF10-associated CMT pre-
sented muscle weakness in lower extremities with a slight
decrease in vibratory sensation. Direct sequencing of the
ARHGEF10 gene in the patient with ARHGEF10-associated
CMT revealed a heterozygous single nucleotide substitution,
c.2435T>C, which might be a novel mutation. We could
confirm the same mutation in the proband’s brother Wlth similar
symptoms and electrophysiological findings, although gene ana-
lysis of other asymptomatic family members was not possible. No
pathogenic mutation was identified in three patients with demye-
linating type CMT and three with axonal type CMT.

Demographic data, the electrophysiological neuropathy type,
CMTNS and gene mutation of each CMT subtype are shown in
table 1. No significant difference in CMTNS was demonstrated
among the CMT subtypes. In groups with MPZ or NEFL muta-
tion, demyelinating and axonal types were mixed.

us findings

US findings in each CMT group and the control group are pre-
sented - in table 2 and figure 2. The CSAs in patients with
CMT1A were larger than those in controls irrespective of exam-
ination sites (figure 2). Although all mean CSAs and the C6
root diameter in patients with MPZ mutation tended to be
larger than in controls, significant differences existed in "the
median nerve CSA at wrist and in the great auricular nerve
CSA. There were no significant differences between all CSAs in
patients with NEFL mutation and controls, whereas median
nerve CSAs at three sites in patients with CMT1A were larger
than in patients with NEFL mutation including the demyelinat-
ing type. In a patient with- EGR2 mutation, CSAs of proximal
sites tended to be large, and the C6 root CSA in a'patient with
EGR2 mutation was larger than the mean CSA value+2 SDs in
controls. Although we' could not identify the C6 root and great
auricular nerve in a patient with ARHGEF10 mutation, CSAs of
the median nerve and sural nerve in the patient were slightly
larger than the mean CSAs of controls.

Nerve conduction studies
Results of parameters of the NCS on the median and the sural
nerves are listed in table 3. In patients with CMT1A, motor and
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sensory conduction velocities reduced with decreased CMAP
and SNAP amplitude. In patients with MPZ mutation, the
patients with CMT1B had a very slow MCV, whereas the
patient with CMT2] showed a nearly normal MCV. In patients
with NEFL-mutations, the difference between CMT1F and 2E
was similar to that between CMT1B and 2]. The patient with
EGR2-associated CMT (CMT1D) showed a demyelinating
pattern. The MCV and SCV were moderately slowed in the
patient with ARHGEF10 mutation.

Correlation between US findings and clinical/
electrophysiological parameters in patients with CMT1A

We analysed the correlation between US findings (nerve CSAs and
Cé6 diameter) and clinical data (CMTNS, age, height, weight and
body mass index)/electrophysiological parameters in patients with
CMT1A. The CMTNS in patients with CMT1A was positively
correlated with the CSA of the great auricular nerve and that of
the median nerve at the upper arm (figure 3A, B). Moreover, an
inverse association was noted between the Cé root CSAs and age

A. Median Nerve (wrist)

B. Median Nerve (forearm)

C.Median Nerve (upper arm)
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Figure 2 Ultrasound data on the median nerve, C6 root, great auricular nerve and sural nerve in patients with Charcot-Marie-Tooth disease (CMT)
and controls. Horizontal bars indicate means. *p<0.05; **p<0.01. Arrowheads indicate demyelinating type in patients with MPZ-associated and
NEFL-associated CMT. Cross-sectional areas of the C6 root and great auricular nerve in patients with ARHGEF10-associated CMT were not recorded
because of technical difficulty in ultrasound examination.
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(figure 3C). Although statistically significant differences were not
demonstrated, age tends to correlate inversely with CSAs of the
median nerve at the fore arm, that at upper arm, the sural nerve
and the great auricular nerve, whereas a positive relationship
between age and CSAs of median nerve at the wrist was observed
(p=0.23). All clinical data except for the CMTNS and age showed
no correlation with CSAs and the C6 diameter.

In the analysis between US findings of the median nerve and
electrophysiological parameters, there was a significant negative
correlation between the CSA at the forearm and MCV of the
median nerve (between the wrist and elbow; p<0.05; figure 4A).
Likewise the CSA at the upper arm of the median nerve was
negatively correlated with the MCV of the median nerve
(between the wrist and elbow; p<0.01; figure 4B). No correl-
ation was observed between the CSA and CMAP amplitude/
SNAP amplitude of the median nerve. Analysis of the correlation
between US and electrophysiological findings of the sural nerve
was not performed because SNAPs were not evoked in 18 of the
20 patients with CMT1A.

DISCUSSION

In this study, we confirmed that patients with CMT1A showed a
uniform enlargement of nerves, including the nerve root, based
on US imaging. Although small in number, we showed increased
CSA in median nerves in individuals with MPZ mutations
(CMT1B and 2J), EGR2 mutations {CMT1D) and ARHGEF10
mutations. In patients with NEFL mutations (CMT1F and 2E),
however, the CSAs in the examined nerves are comparable to
those in normal controls. This is the first report regarding the
US findings in patients with CMT2], 1F, 2E, 1D and
ARHGEF10-associated CMT. The limitation of this study
included a small number of patients with rare mutations.
Therefore, these findings should be confirmed in a larger cohort
in the future. Furthermore, we revealed not only the presence
of a correlation between the CSAs and electrophysiological
parameters, but also a correlation between the CSAs and clinical
parameters (CMTNS) in patients with CMT1A.

In agreement with previous reports, we found markedly
increased CSAs in all nerves and nerve roots in patients with
CMT1A.5 ' The ranges of CSAs in great auricular and sural
nerves of patients with CMT1A and controls overlapped to some
extent (figure 2). Measuring CSAs in the median nerve and nerve
root may facilitate -a clear distinction among. CMTIA,
NEFL-associated CMT and a healthy state. Pazzaglia et al"
reported that the sural nerve CSA was not increased in the major-
ity of patients with CMT1A (70%). In our study, however, the
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sural nerve CSA in patients with CMT1A was significantly larger
than that in controls. One of the factors influencing the differ-
ence between our results and the aforementioned study might be
that CSAs were calculated by tracking the nerve circumference
including the hyperechoic rim in that study. We measured CSAs
by tracking the outline of the hyperechoic rim in consideration
of the possibility that the nerve stroma including the epineurium
proliferates in some subtypes of CMT. Robaglia-Schlupp et al*®
reported that PMP22 overexpression enhanced collagen synthesis
by fibroblasts, and noted the possibility that structures other than
Schwann cells were affected in CMT1A.

In this study, three patients with MPZ mutations were
included. Two of them were diagnosed with CMT1B. The
remaining patient was diagnosed with CMT2]. There have been
no reports including US findings in patients with CMT2]. CSAs
in all nerves of the patient with CMT2]J were the smallest in the
three patients with MPZ-associated CMT, and these, excluding
the median nerve (wrist) of the patient with CMT2], were
nearly the same as the mean values of the control group.
Median nerve CSAs of the other two patients with
demyelinating-type MPZ-associated CMT (CMT1B) tended to
be larger than in controls (figure 2). These findings are consist-
ent with a previous study on CMT1B.%

This is the first report on nerve US findings including patients
with NEFL-associated CMT. Four patients with NEFL-
associated CMT were examined in this study, comprising two
with CMT1F and two with CMT2E. Although two of the four
patients had demyelinating-type CMT, they did not show the
enlargement of peripheral nerves. The NEFL gene encodes the
neurofilament light chain polypeptide (NEFL), which is one of
the most abundant cytoskeletal components of neurons, and
plays a pivotal role in the assembly and maintenance of the
axonal cytoskeleton. Fabrizi et al'” noted that the main patho-
logical finding in patients with NEFL-associated CMT was axo-
nopathy with marked structural alterations in the cytoskeleton
and significant secondary demyelination. It appears that nerve
conduction velocity slowing in NEFL-associated CMT is asso-
ciated “with mutations affecting the NEFL protein head
domain."® From these findings, patients with demyelinating type
CMT may not always present increased CSAs of nerves, although
previous studies have reported that patients with other demyelin-
ating type CMT generally showed increased CSAs of nerves.” *°

The patient with EGR2-associated CMT in this study presented
with a mild, demyelinating, adult-onset form.**> The EGR2 gene
encodes early growth response-2 protein (EGR2), which plays a
role in peripheral nerve myelin development and maintenance, and
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Figure 3 Scatterplot of the clinical parameters and ultrasound
findings in patients with CMT1A. The CMTNS was positively correlated
with the CSA of the great auricular nerve and that of the median nerve
at the upper arm (A and B). An inverse correlation between the C6 root
CSAs and age was observed (C). CMTNS, CMT neuropathy score; CSA,
cross-sectional area; CMT, Charcot-Marie-Tooth disease.

activates the transcription of several myelin-associated genes, such
as PMP22 and MPZ. Although we could include only one patient
with EGR2-associated CMT, CSAs in all nerves tended to be larger
than in controls. We also included the patient with CMTwho had a
potent novel mutation in the ARHGEF10 gene, as aforementioned.
The phenotype of the patient was classified as the axonal type by
neurophysiological testing, but the MCV was moderately slowed
(median nerve MCV 41.7 m/s), as well as in previous studies.?® 2!
Verhoeven et al demonstrated the possibility that ARHGEF10
protein is associated with the developmental myelination of periph-
eral nerves using a mouse model. CSAs in all nerves were increased
in the present patient, although CSAs of the Cé6 root and great aur-
icular nerve were not recorded because of technical difficulties.
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Figure 4 Scatterplot of the electrophysiological parameters and
ultrasound findings in patients with CMT1A. A negative correlation
between the CSA at the forearm and MCV of the median nerve
(between the wrist and elbow) was found (A). Likewise the CSA at the
upper arm of the median nerve was negatively correlated with the MCV
of the median nerve (between the wrist and elbow) (B). CMT,
Charcot-Marie-Tooth disease; CSA, cross-sectional area; MCV, motor
conduction velocity.

Regarding the US findings of the patients with CMTI1A,
Pazzaglia et al’’demonstrated an inverse correlation between
sural nerve CSAs and the age in patients with CMT1A. In this
study, no such correlation was observed in patients with
CMT1A. As aforementioned, the difference in the method of
measuring CSAs could influence the results. Instead, a significant
negative correlation between Cé root CSAs and the age was
noted. However, there are some reports that the biometric data
of patients with CMT showed no significant correlation with
CSAs.” ? Thus, the results of correlation analysis between CSAs
and biometric data have varied among reports. The reason for
this remains unclear, and so further studies involving larger
series of cases are needed.

This study first showed the correlation between the disease
severity (CMTNS) and CSAs in patients with CMT1A. Patients
with a larger CSA in the median or great auricular nerve may
show more marked impairment. It is extrapolated from these
results that the degree of the disease severity might be deter-
mined by the extent of the pathological change, such as onion
bulbs which are the results of repetitive demyelination-remyeli-
nation and the proliferation of the nerve stroma. On the other
hand, it seems that the positive relationship between CMTNS
and CSAs contradicts the inverse relationship between age and
CSAs in this study (figure 3), because CMTNS generally
increases with age in patients with CMT. Future studies will be
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required to elucidate whether age or disease severity has more
influence on the nerve enlargement in CMT1A. Along with the
report by Pazzaglia et al,’® the negative correlation between age
and CSAs in most of the nerves might be specific to CMT1A,
and indicates that decreased CSAs reflect axonal loss.
Conversely, only CSA in median nerve at wrist correlated with
age positively in patients with CMT1A of this study, although it
was not statistically significant. CSA at wrist might be affected
by factors except for CMT1A including carpal tunnel syndrome
(CTS), etc. In patients with CTS, median nerve CSAs at wrist
are generally increased.””

Several studies have reported on the relationships between US
findings and NCS parameters in CMT and other neuropa-
thies.” 7 2> Consistent with a previous study by Schreiber
et al, we identified a significant negative correlation between the
CSAs of median nerve and the MCVs in the corresponding
segment. The decreased MCVs in patients with CMT1A reflect
the functional aspect for the histopathological alteration of mye-
lination, progression of which might have paralleled the enlarge-
ment of nerves, that is, increased CSAs.

There are some limitations to our study. First, US examina-
tions were performed by only one unblinded examiner.
However, Cartwright er al*® %7 reported that the diagnostic
accuracy of neuromuscular US in unblinded studies was similar
to that in blinded studies, and that intra-rater and inter-rater
reliability of nerve and muscle US were sufficiently high. This
argument may mitigate the unblinded design in this study to
some extent; however, blinded assessment by multiple exami-
ners is desirable in future studies on nerve US. Second, the small
number of some CMT types is also a limitation of our study.
Therefore, the findings of CSAs obtained from a single or a few
patients should be carefully interpreted. Further study of a large
population - is needed, - especially in" MPZ-associated  ‘and
NEFL-associated CMT in which demyelinating ‘and - axonal
types are mixed. Third, the US feature of CMT1IA has been
already revealed by some studies.”” ? '* However, describing
the US finding of that was needed for shedding light on the
extent of nerve enlargement in other rare CMT subtypes. In
addition, nerve CSAs correlated with the clinical severity in
CMT1A can provide a new insight into the evolving field of
nerve US. Finally, our CSA measuring method including the
hyperechoic rim is different from the method in most previous
studies of nerve US with tracking inside the rim. Therefore, US
findings in our study should be compared with other studies of
nerve US with caution. However, our method might make it
possible to assess the actual pathology of CMT because struc-
tures other than Schwann cells could proliferate in CMT1A."¢

In conclusion, we have demonstrated US findings at diverse
anatomical sites of patients with CMT subtypes. We confirmed
the uniform enlargement of peripheral nerves in patients with
CMT1A. We also found that patients with demyelinating-type
CMT, such as CMT1F (NEFL-associated CMT), do not always
exhibit nerve enlargement. Nerve US in-addition to conven-
tional NCS could facilitate targeted gene analysis in clinical

situations, and may advance the understanding of perlpheralﬁ

nerve pathology in patlents with CMT.
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REVIEW

Ultrasound in the diagnosis of peripheral
neuropathy: structure meets function in the

neuromuscular clinic

Elena Gallardo,"? Yu-ichi Noto,> Neil G Simon*?

ABSTRACT

Peripheral nerve ultrasound (US) has emerged as a
promising technique for the diagnosis of peripheral nerve
disorders. While most experience with US has been
reported in the context of nerve entrapment syndromes,
the role of US in the diagnosis of peripheral neuropathy
(PN) has recently been explored. Distinctive US findings
have been reported in patients with hereditary, immune-
mediated, infectious and axonal PN; US may add
complementary information to neurophysiological studies
in the diagnostic work-up of PN. This review describes
the characteristic US findings in PN reported to date and
a classification of abnormal nerve US patterns in PN is
proposed. Closer scrutiny of nerve abnormalities beyond
assessment of nerve calibre may allow for more accurate
diagnostic classification of PN, as well as contribute to
the understanding of the intersection of structure and -
function in PN.

INTRODUCTION

Peripheral neuropathy (PN) contributes significantly
to the neurological burden of disease worldwide.! 2
Prevalence of PN is increasing, particularly when
associated with the growing population affected by
diabetes,® and the rising incidence of drug-induced
neuropathy associated with chemotherapy and
antiretroviral drugs.* °

Traditionally, the diagnostic work-up of PN
involves delineating a pattern of clinical involve-
ment through history and examination, with the
diagnosis confirmed by neurophysiological studies.
In some situations, the clinical features and asso-
ciated comorbidities may be enough to diagnose PN
without further investigations,® although grading
of severity and monitoring of progression often
includes neurophysiological assessment. However,
the diagnosis of PN by clinical and neurophysio-
logical grounds alone may be difficult, particularly
in those patients with atypical or proximal demye-
linating PN.” Tt may also be difficult to distinguish
acquired from inherited demyelinating PN.® Hence,
there is a need to develop novel strategies to aid in
the diagnosis and monitoring of patients with PN,
in particular the demyelinating forms.

The peripheral nervous system was unavailable to
imaging modalities prior to the 1990s because of
insufficient resolution and poor discrimination of
nerves from surrounding soft tissues. However,
recent technical developments have allowed imaging
techniques, including MR neurography (MRN) and
ultrasound (US), to play an important role in the

diagnostic algorithm of peripheral nerve disorders.
MRN currently provides an excellent depiction of
three-dimensional nerve anatomy and pathology,
and development of diffusion tensor imaging
and tractography may provide further functional
data.” 1° US provides superior spatial resolution that
has enabled detailed visualisation of even the smal-
lest peripheral nerves. Evolution of high-frequency
broadband transducers (up to 22 MHz), advances in
image postprocessing and sensitive Doppler technol-
ogy, that allows assessment of nerve vascularity
without contrast administration, have improved the
ability of US to detect anatomic details and subtle
structural abnormalities in peripheral nerves. In add-
ition, the acquisition of US is a real-time dynamic
process and allows the examiner to explore the
entire course of the nerve in a single sweep. Finally,
US has the general advantages of being a painless,
non-invasive and inexpensive technique. As such,
US may be considered to be an optimal tool to look
for structural nerve pathology, and hence serve as a
complementary technique to clinical and neuro-
physiological diagnosis of patients with PN. This
review will discuss the US features of PN, focusing
on situations in which US studies may make a posi-
tive contribution to the diagnosis.

US FEATURES OF NORMAL PERIPHERAL NERVE
The US features of peripheral nerves correspond to
macroscopic and microscopic anatomy.'? Peripheral
nerves are visualised on US as tubular structures
with a characteristic fascicular appearance (figures 1
and 2). On longitudinal images, linear hypoechoic
fascicles are seen, separated by bands of hyperechoic
perineurial connective tissue. On axial images, the
peripheral nerves demonstrate a ‘honeycomb’
appearance, with ovoid hypoechoic fascicles embed-
ded in a hyperechoic background. The dense epi-
neurial connective tissue surrounding the nerve is
highly reflective of sound waves, which results in a
hyperechoic rim that may provide a means of
demarcating the nerve from surrounding structures.
There are some situations where the US appear-
ance of normal nerves differs from a typical fasci-
cular pattern. Nerves are more hypoechoic and
demonstrate fewer or no fascicles in very proximal
nerves, such as the brachial plexus and cervical
nerve roots,'* because of reduced volume of con-
nective tissue and more tightly packed fascicles.!®
Echogenicity and fascicle number may also be
reduced where they cross osteofibrous tunnels, such
as the ulnar nerve in the cubital tunnel.’* The size

BM

Gallardo E, et al. J Neuro/ Neurosurg Psychiatry 2015,0:1-9. doi:10.1136/jnnp-2014-309599 1

chpyright Article author (or their employer) 2015. Pzgzduced by BMJ Publishing Group Ltd under licence.



Figure 1 Ultrasound findings in Charcot-Marie-Tooth disease type 1A
(CMT1A). Ultrasound images of the median nerve (wrist—A, |
mid-forearm—B, upper arm—C) and C6 nerve root (longitudinal—D,
axial—E) in-a healthy subject and a patient with CMT1A (wrist—F,
mid-forearm—G, upper arm—H, C6 longitudinal—I, C6 axial—1J) are
depicted: Diffuse nerve enlargement was identified in the patient with
CMT1A.

of peripheral nerves decreases slightly proximal to distal in the
limb and it may be greater in entrapment sites in- normal
individuals.'* % , ,

- Commercially available US units are able to assess most per-
ipheral nerves of the upper limbs, lower limbs and brachial
plexus. However, very deep nerves such as the proximal sciatic
nerve may be difficult to image, and the lumbar and sacral

plexus cannot be visualised using US.

US FEATURES OF INJURED PERIPHERAL NERVE
US" findings following peripheral nerve injury converge on a
number of common features. These changes include alterations in
nerve size, nerve echotexture, definition of the epineurial margins,
fascicle diameter and vascularity. Much of the literature describing
peripheral nerve changes following nerve injury is based on assess-
ment of entrapment neuropathies.m In nerve compression, there
may be' focal nerve enlargement, loss of the internal fascicular
appearance and decrease in nerve echogenicity.'” -

Nerve enlargement is most commonly quantified using cross-
sectional area (CSA) traced within the hyperechoic epineurial

-Downloaded from http;//jn’np.bmj.,com/ on February 11, 2015 - Published by group.bmj:com

rim. CSA is a reliable measure with a good intraobserver and
interobserver agreement and reproducibility;!® therefore, it has

- been most frequently used to’quantify changes in neuropathy

and reference values have been established for the major limb

~ nerves in several anatomic locations and for the brachial

plexus.*® **71 J¢ is worthwhile noting that some studies have

demonstrated that nerve size may be influenced by age, gender,
body mass index and height.'> ' Temperature of the limb may
also influence nerve calibre.?? As such, it is recommended that
comparison groups in studies of nerve US are matched for those
subject characteristics and standardised environmental condi-
tions are employed during the study.

Measuring the size of individual nerve fascicles may also con-
tribute important pathophysiological information for the nerve
injury and PN, although presently there is very little published
data.” Fascicle size can differ between individuals, nerves and

. anatomic regions of an individual nerve, and hence a standar-

dised approach would be required to systematically study this.

~ Peripheral nerve echogenicity may be quantified by measuring
the mean grey scale value of the nerve image. Alternatively,
thresholding techniques may be applied to determine the pro-
portion of the nerve that is relatively hypoechoic.*® ** 2° Data
obtained using each of these approaches is specific to the US
system being used and cannot be compared with data from

_another site unless the values are calibrated using a universal
. phantom.

Nerve vascularity, as :meas’ur‘ed by Doppler, may also provide
insights into the pathophysiology of peripheral nerve disease. In

~ normal nerves there is no detectable blood flow.*® Increased

blood flow may be detected in compressive mononeuropathy
and inflammatory PN,'® 7 possibly reflecting vascular prolifer-
ation precipitated by chronic trauma or inflammation (figure 3).

US FINDINGS'IN PN ,
US is emerging as a valuable tool in the diagnosis of PN and it
is in this field where it is anticipated that US will have a signifi-

‘ cant impact in rationalising the diagnostic pathway, potentially

reducing the number of expensive investigations performed and
focusing the use of expensive immunomodulatory therapies.*®
In this section, the US findings documented to date in heredi-
tary, immune-mediated, infectious and axonal neuropathies will
be discussed. k

Hereditary neuropathies

Charcot-Marie-Tooth: disease

Charcot-Marie-Tooth disease (CMT) is a clinically and genetic-
ally heterogeneous hereditary neuropathy characterised by distal
muscle atrophy, weakness and sensory loss with: reduced tendon
reflexes. More than 60 different causative gene mutations have
been described.”” Nerve conduction studies still remain crucial
both for the diagnosis-and the classification of CMT (demyelin-
ating type or axonal type), whereas US has emerged as a con-
venient technique to assess morphological changes of peripheral
nerves in patients with CMT as a complement to the neuro-
physiological evaluation.

Nerve US findings of patients with CMT were first described
in 1999 by Heinemeyer and Reimers *° They examined nerve
diameter, but not CSA, in patients with. CMT. They concluded
that nerve diameter and echogenicity did not differ significantly
between patients with CMT and healthy subjects, and noted that
the visualisation of nerves with the 7.5 MHz linear array probe
was often difficult because of increased echogenicity of adjacent
muscles in patients with CMT. The negative findings of this
study may be explained by the limitations of resolution and
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