REVIEW

Editor’s choice
Scan to access more
free content

Ultrasound in the diagnosis of peripheral
neuropathy: structure meets function in the
neuromuscular clinic
Elena Gallardo,1,2 Yu-ichi Noto,3 Neil G Simon4,5

1

Service of Radiology,
University Hospital Marqués de
Valdecilla; Instituto de
Investigación Marqués de
Valdecilla (IDIVAL), Santander,
Spain
2
University of Cantabria (UC);
and Centro de Investigación
Biomédica en Red de
Enfermedades
Neurodegenerativas
(CIBERNED), Santander, Spain
3
Department of Neurology,
Graduate School of Medical
Science, Kyoto Prefectural
University of Medicine, Japan
4
Prince of Wales Clinical
School, University of New
South Wales, Australia
5
Central Clinical School, The
University of Sydney, Australia
Correspondence to
Dr Neil G Simon, Prince of
Wales Clinical School,
University of New South Wales,
Australia;
n.simon@unsw.edu.au
Received 16 October 2014
Revised 31 December 2014
Accepted 8 January 2015
Published Online First
4 February 2015

To cite: Gallardo E, Noto Y,
Simon NG. J Neurol
Neurosurg Psychiatry
2015;86:1066–1074.
1066

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, immunemediated, 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.1 2
Prevalence of PN is increasing, particularly when
associated with the growing population affected by
diabetes,3 and the rising incidence of drug-induced
neuropathy associated with chemotherapy and
antiretroviral drugs.4 5
Traditionally, the diagnostic work-up of PN
involves delineating a pattern of clinical involvement through history and examination, with the
diagnosis conﬁrmed by neurophysiological studies.
In some situations, the clinical features and associated comorbidities may be enough to diagnose PN
without further investigations,6 although grading
of severity and monitoring of progression often
includes neurophysiological assessment. However,
the diagnosis of PN by clinical and neurophysiological grounds alone may be difﬁcult, particularly
in those patients with atypical or proximal demyelinating PN.7 It may also be difﬁcult to distinguish
acquired from inherited demyelinating PN.8 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.9 10 US provides superior spatial resolution that
has enabled detailed visualisation of even the smallest peripheral nerves. Evolution of high-frequency
broadband transducers (up to 22 MHz), advances in
image postprocessing and sensitive Doppler technology, 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 addition, 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 neurophysiological diagnosis of patients with PN. This
review will discuss the US features of PN, focusing
on situations in which US studies may make a positive contribution to the diagnosis.

US FEATURES OF NORMAL PERIPHERAL NERVE
The US features of peripheral nerves correspond to
macroscopic and microscopic anatomy.11 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 embedded in a hyperechoic background. The dense epineurial 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 appearance of normal nerves differs from a typical fascicular pattern. Nerves are more hypoechoic and
demonstrate fewer or no fascicles in very proximal
nerves, such as the brachial plexus and cervical
nerve roots,12 because of reduced volume of connective tissue and more tightly packed fascicles.13
Echogenicity and fascicle number may also be
reduced where they cross osteoﬁbrous tunnels, such
as the ulnar nerve in the cubital tunnel.14 The size

Gallardo E, et al. J Neurol Neurosurg Psychiatry 2015;86:1066–1074. doi:10.1136/jnnp-2014-309599

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp-2014-309599 on 4 February 2015. Downloaded from http://jnnp.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Neuromuscular

rim. CSA is a reliable measure with a good intraobserver and
interobserver agreement and reproducibility;18 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.15 19–21 It is worthwhile noting that some studies have
demonstrated that nerve size may be inﬂuenced by age, gender,
body mass index and height.15 19 Temperature of the limb may
also inﬂuence nerve calibre.22 As such, it is recommended that
comparison groups in studies of nerve US are matched for those
subject characteristics and standardised environmental conditions are employed during the study.
Measuring the size of individual nerve fascicles may also contribute important pathophysiological information for the nerve
injury and PN, although presently there is very little published
data.23 Fascicle size can differ between individuals, nerves and
anatomic regions of an individual nerve, and hence a standardised 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 proportion of the nerve that is relatively hypoechoic.14 24 25 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 measured by Doppler, may also provide
insights into the pathophysiology of peripheral nerve disease. In
normal nerves there is no detectable blood ﬂow.26 Increased
blood ﬂow may be detected in compressive mononeuropathy
and inﬂammatory PN,16 27 possibly reﬂecting vascular proliferation precipitated by chronic trauma or inﬂammation (ﬁgure 3).

US FINDINGS IN PN

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—J) 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.14 15
Commercially available US units are able to assess most peripheral 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 assessment of entrapment neuropathies.16 In nerve compression, there
may be focal nerve enlargement, loss of the internal fascicular
appearance and decrease in nerve echogenicity.17
Nerve enlargement is most commonly quantiﬁed using crosssectional area (CSA) traced within the hyperechoic epineurial

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 signiﬁcant impact in rationalising the diagnostic pathway, potentially
reducing the number of expensive investigations performed and
focusing the use of expensive immunomodulatory therapies.28
In this section, the US ﬁndings documented to date in hereditary, immune-mediated, infectious and axonal neuropathies will
be discussed.

Hereditary neuropathies
Charcot-Marie-Tooth disease
Charcot-Marie-Tooth disease (CMT) is a clinically and genetically 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.29 Nerve conduction studies still remain crucial
both for the diagnosis and the classiﬁcation of CMT (demyelinating type or axonal type), whereas US has emerged as a convenient technique to assess morphological changes of peripheral
nerves in patients with CMT as a complement to the neurophysiological evaluation.
Nerve US ﬁndings of patients with CMT were ﬁrst described
in 1999 by Heinemeyer and Reimers 30 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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Figure 2 Patterns of nerve ultrasound changes in peripheral neuropathy (PN). Normal nerve ultrasound (US) appearances are shown in A (axial
image of the median nerve in the forearm, cross-sectional area (CSA 7 mm2) and B (longitudinal image of the tibial nerve in the popliteal fossa,
CSA 12 mm2) demonstrating a characteristic fascicular pattern. A number of patterns of nerve US abnormalities may be seen in PN and examples
are shown in C–H. (C) An enlarged tibial nerve at the ankle (CSA 49 mm2) in a patient with CMT1A demonstrating heterogeneously enlarged
hypoechoic fascicles (type 1a—uniform or heterogenous enlargement of hypoechoic fascicles). (D) An enlarged median nerve in the forearm (CSA
65 mm2) with mixed hyperechoic and hypoechoic fascicles in a patient with chronic inﬂammatory demyelinating polyradiculoneuropathy (CIDP) (type
1b—mixed hyperechoic and hypoechoic fascicles). (E) An enlarged median nerve at the elbow (CSA 91 mm2) with disruption of the normal
fascicular architecture in a patient with multifocal acquired demyelinating sensory and motor neuropathy (MADSAM) (type 1c—obliteration of
normal fascicular architecture). (F) An enlarged radial nerve (CSA 27 mm2) in the spiral groove of a patient with CIDP, a region in which US may
demonstrate a monofascicular or oligofascicular appearance of normal nerves (type 2—increase CSA in monofascicular nerve). (G) Enlargement of
the tibial nerve at the ankle (CSA 95 mm2) in a patient with hypertrophic neuropathy, with prominent perineurial connective tissue and relatively
normal fascicular calibre (type 3—increased CSA due to increased perineurial connective tissue). (H) The median nerve at the midpoint of the arm of
a patient with amyloid neuropathy, demonstrating normal calibre (CSA 8 mm2) but with loss of normal fascicular architecture (type 4—normal CSA
with altered echotexture).
recent studies using higher frequency probes (≥12 MHz) have
provided further information regarding nerve morphology in
patients with various subtypes of CMT.

CMT disease type 1A
CMT1A, the most common form of demyelinating CMT, is
caused by a duplication of PMP22 that encodes peripheral
myelin protein 22, a transmembrane protein in the compact
1068

myelin of the peripheral nerves. Schwann cells and abundant
connective tissue around thinly myelinated axons (‘onion bulbs’)
are the main features of pathology in CMT1A. In patients with
CMT1A, nerve US reveals that the CSA of peripheral nerves,
brachial plexus and nerve roots are larger than those in healthy
subjects. Nerve CSA is uniformly increased throughout the
course of the nerve, and the CSA and diameter of the C6 nerve
root are also larger than those in controls (ﬁgure 1). Martinoli
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Figure 3 Ultrasound (US) abnormalities in chronic inﬂammatory demyelinating polyradiculoneuropathy (CIDP). A number of US abnormalities may
be detected in patients with CIDP. (A) Focal enlargement and hypoechogenicity of the median nerve in the cubital fossa (black arrowhead) with a
relatively normal fascicular pattern proximal and distal to the swelling (^).(B and C) Enlargement of the cervical nerve roots and brachial plexus
(thin arrows), which is most commonly symmetric and may be associated with normal nerve calibre in more distal nerves. (D) Increased nerve
cross-sectional area with prominent fascicular enlargement (thick arrow). In the patient, nerve enlargement was diffuse and involved all studied
upper limb nerves. The cervical nerve roots (between anterior and middle scalene muscles) are depicted in a patient with multifocal acquired
demyelinating sensory and motor neuropathy (MADSAM; E and F). US abnormalities were asymmetric with marked enlargement on the right (E) and
relatively normal nerve calibre on the left (F). This corresponded with the clinical deﬁcits, which were more severe in the right upper limb. (G)
Increased nerve vascularity on Doppler US in the median nerve at the midpoint of the arm in a patient with CIDP. (H) The C6 nerve root in a patient
with CIDP showing reduced deﬁnition of its epineurial margin.
et al31 reported that patients with CMT1A can be distinguished
from those with other types of CMT (CMT2 and CMTX1) by
either a larger CSA or a larger fascicular diameter in median

nerves. Likewise, Noto et al32 demonstrated that CSA was also
increased in the great auricular nerves and in C6 nerve roots in
patients with CMT1A. Thus, nerve US ﬁndings demonstrate
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why CMT1A was previously classiﬁed as a hypertrophic neuropathy based just on nerve palpation.
Regarding the CSAs of the sural nerves, two conﬂicting
descriptions have been reported. Pazzaglia et al33 found that the
CSA in the sural nerve was not increased in the majority of
patients with CMT1A. Noto et al32 found that the CSA in the
sural nerve was increased in their population with CMT1A.
One possible reason for this discrepancy can be attributed to the
different methods of CSA measurement between their studies.
Pazzaglia et al tracked the nerve circumference inside the hyperechoic rim, whereas Noto et al traced the nerve circumference
including hyperechoic rim.
In terms of the correlation between US, clinical and electrophysiological ﬁndings in CMT1A, there is an inverse relationship between the CSA and the nerve conduction parameters,
such as motor conduction velocity and compound muscle action
potentials amplitude.23 32 There is also a positive correlation
between the CSAs in the median nerve and CMT neuropathy
score (CMTNS) that quantiﬁes the disease severity in patients
with CMT1A.32 Taken together, in patients with CMT1A, the
extent of nerve enlargement assessed by US paralleled not only
the physiological function of peripheral nerves but also the clinical disease severity.

CMT disease type 1B
CMT1B, another demyelinating form of CMT, is caused by
mutations of MPZ gene that encodes myelin protein zero, a
major constituent of peripheral myelin proteins. In a study
involving a large family with CMT1B, enlargement of the
median and vagus nerves was detected in affected family
members.34 Conversely, sural nerve calibre was reduced, possibly reﬂecting length-dependent axonal loss.

CMT disease type 2
CMT2, a group of axonal forms of autosomal dominant CMT,
includes more than 19 distinct types. Among them, the most
common form is CMT2A that is caused by mutations of mitofusin 2 (MFN2) gene. In axonal neuropathies, axonal loss is predicted to result in decreased nerve caliber; however, median
nerve CSA in patients with CMT2 is slightly larger than that of
normal subjects.23 31 This discrepancy may be related to histopathological ﬁndings that include Schwann cell hyperplasia with
pseudo onion bulb formations and endoneurial swelling seen in
some genetic subtypes of CMT2.35

CMT disease type X1
CMTX1, the second most common form of CMT, is caused by
point mutations of gap junction-associated protein B1 (GJB1)
gene, which encodes connexin-32 protein. Although a statistically signiﬁcant difference was not demonstrated, the median
nerve CSAs in patients with CMTX1 were larger than those in
healthy subjects in one study, but were smaller in another
report.23 31 Both studies included a small number of patients;
therefore, a further study with larger number of patients will be
needed.
With the accumulation of future studies of US ﬁndings in
various types of CMT, nerve US in combination with results of
nerve conduction studies may provide tools to facilitate more
targeted gene analysis in patients with suspected CMT. Nerve
US is also useful for the diagnosis of hypertrophic-type CMT in
the rare instance when compound muscle action potentials are
not evoked in demyelinating CMT due to severe atrophy in
distal muscles or marked increase in stimulation threshold.
1070

Hereditary neuropathy with liability to pressure palsies
Hereditary Neuropathy with liability to pressure palsies (HNPP) is
caused by a deletion of PMP22 and nerve biopsies in such patients
reveal focal thickening of myelin, that is, tomacula. Beekman and
Visser36 ﬁrst reported focal and multiple nerve enlargements in a
patient with HNPP not only at typical nerve entrapment sites but
also outside the entrapment sites. Non-uniform nerve enlargement
patterns have been reported in some studies of patients with
HNPP.23 37 38 Gianneschi et al37 revealed that no morphometric
changes were seen in the distal nerve segments where entrapment
is unlikely while the distal motor latencies were increased.
Morphological abnormalities identiﬁed on US were not always
correlated to the neurophysiological parameters in patients with
HNPP, unlike those in patients with CMT1A.

Immune-mediated neuropathies
Chronic inﬂammatory demyelinating polyradiculoneuropathy (CIDP)
Typical CIDP
The clinical features of typical chronic inﬂammatory demyelinating polyradiculoneuropathy (CIDP) are well recognised, including
progressive symmetric weakness involving proximal more than the
distal muscles, sensory impairment and reduced or absent deep
tendon reﬂexes. Histopathologically, nerves in patients with CIDP
demonstrate segmental demyelination and remyelination resulting
in onion bulb formation and varying degrees of interstitial oedema
and endoneurial inﬂammation.39 There are also a number of
atypical or variant presentations, such as multifocal acquired
demyelinating sensory and motor neuropathy (MADSAM),
sensory-predominant CIDP, and distal forms such as distal
acquired demyelinating sensory neuropathy (DADS).40–42
In the majority of patients with CIDP, abnormalities are
detected on nerve US. However, just as there is clinical variability, there is a wide range of nerve US ﬁndings reported in CIDP
(ﬁgure 3). Increased CSA of peripheral nerves and/or cervical
nerve roots is most frequently reported.43–48 Hypertrophy of
the vagus nerve has also been reported in CIDP.49 50
While nerve enlargement is frequently identiﬁed, there may be
marked variability in the nerve CSA both between-patients and
within a patient. In some cases there may be massive enlargement
(ﬁgure 3), but in other patients nerve calibre may be normal or
mildly enlarged. Variability in nerve enlargement may be seen
when different nerves of the same patient are compared and
along the course of the same nerve, and identifying intranerve
and internerve variability of CSA may be of diagnostic beneﬁt.51
Three separate classes of US morphological ﬁndings have
been described in CIDP depending on the CSA and echogenicity.52 Class 1 nerves were enlarged with hypoechoic fascicles.
Class 2 nerves were enlarged with mixed hypoechoic and hyperechoic fascicles. Class 3 nerves were of normal calibre but
demonstrated abnormal hyperechoic fascicles, which were less
easily distinguished from the perineurial connective tissue. The
nerve US patterns correlated with disease duration (class 3 was
associated with longer disease duration). As such, variations in
US ﬁndings in CIDP may reﬂect different pathophysiological
stages of the disease, although further histopathological correlation is needed. As CIDP is a chronic, segmental disorder often
with a relapsing course, it is expected that different classes of
nerve changes may coexist in some patients.
Nerve vascularity may also be increased in patients with CIDP
as assessed with Doppler US studies (ﬁgure 3).53 Nerve blood
ﬂow strongly correlates with cerebrospinal ﬂuid protein and the
number of enlarged nerves, suggesting that nerve vascularity
may reﬂect disease activity.
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The correlation between the US ﬁndings and neurophysiology
features or functional disability remains controversial,43 52
although correlation between the extent of nerve enlargement
and the duration of the disease has been reported.15 52 More
detailed comparisons between US, clinical and neurophysiological ﬁndings are needed to clarify this point. Nerve US abnormalities may improve with treatment response.45

CIDP variants
The extent and nature of US abnormalities in CIDP variants are
less well deﬁned, although changes overlap with typical CIDP.

Multifocal acquired demyelinating sensory and motor neuropathy
Patients with MADSAM present with asymmetric motor and
sensory deﬁcits, often with patchy neurophysiological abnormalities in nerve conduction studies. US demonstrates multifocal
nerve enlargements (ﬁgure 3) that may be identiﬁed at sites of
current or previous electrophysiological conduction blocks.54

Distal acquired demyelinating symmetric neuropathy
The US features of DADS have not been systematically studied.
Neuropathy associated with antimyelin-associated glycoprotein
(MAG) antibodies is most commonly categorised with DADS
and one study has evaluated US ﬁndings in this patient population.55 Patchy enlargement of nerves was identiﬁed most commonly at entrapment sites. Of interest, distal nerve enlargement
was not prominent and this contrasts with the characteristic
neurophysiological ﬁndings of prominent slowing of distal nerve
conduction.56

POEMS syndrome
The demyelinating neuropathy associated with POEMS ( polyneuropathy, organomegaly, endocrinopathy, M-protein, skin
changes) syndrome may be confused with CIDP early in the
course of the disease. Distinguishing clinical features include
poor treatment response and the associated systemic features
that contribute to the acronym. Increased serum vascular endothelial growth factor is a marker of the disease. US may also
help distinguish POEMS syndrome neuropathy from CIDP. In
POEMS syndrome, nerve enlargement may be seen at sites of
nerve entrapment but is uncommon in other parts of the
nerve,57 which is distinct from the ﬁndings in CIDP.

Multifocal motor neuropathy
Multifocal motor neuropathy (MMN) is a rare neuropathy
characterised by slowly progressive limb weakness, most commonly starting in the distal upper limb, with most patients
responding to treatment with intravenous immunoglobulin.
From a practical perspective, in some cases MMN can be difﬁcult to distinguish from patients with progressive muscular
atrophy. US studies identify focal nerve enlargement in the
majority of patients with MMN, including in limbs without
neurophysiological dysfunction.45 58 59 This is in contrast to the
mild reduction of nerve CSA seen in MND.60 As such, US
studies have been suggested as one method to select appropriate
patients for treatment.28

Guillain-Barré syndrome
Presently, there are few studies reporting the US ﬁndings in
patients with Guillain-Barré syndrome (GBS) and no studies to
date comparing demyelinating with axonal GBS variants. Nerve
enlargement has been reported in 47–83% of patients with
early GBS, and may be present in peripheral nerves and/or cervical nerve roots.15 61 The distribution of nerve changes may be

patchy within an individual61 and may be seen early before
neurophysiological changes have developed.15 Alterations of
the fascicular architecture have been reported, with heterogeneous focal enlargement of single fascicles noted in one case
report.62
In a detailed study, Gallardo et al61 described clinical, neurophysiological and US ﬁndings in six consecutive early GBS
patients, with pathological correlation with autopsy material in
two patients. US of the cervical nerve roots, and major upper
and lower limb peripheral nerves was reported. US abnormalities were only detected in 8.8% of the scanned nerves,
however, cervical nerve root abnormalities were identiﬁed in the
majority of patients, consisting of increased CSA and reduced
deﬁnition of epineurial margins. Indistinct margins of cervical
nerve roots was a novel US ﬁnding and was correlated with
nerve oedema demonstrated on corresponding pathological
studies, which suggested that US ﬁndings may reﬂect the pathogenesis of the disease.
While longitudinal studies are generally lacking, a single case
report demonstrated that US changes normalised during recovery, in keeping with clinical and neurophysiological improvement.62 However, increased nerve CSA was identiﬁed in
patients with residual deﬁcits years after the onset of GBS, but
these US changes did not correlate with functional disability.63

Infectious polyneuropathies
Leprosy is the most common infectious cause of neuropathy
worldwide. Nerve enlargement and loss of fascicular pattern are
seen on US.27 64 These abnormalities are most frequent at
common sites of nerve entrapment, in particular the cubital
tunnel. However, generally the nerve enlargement tends to be
more extensive and less circumscribed. Thickened and hypoechoic epineurium is a characteristic ﬁnding. Immunologically
mediated reversal reactions are a common cause of skin and
nerve injury in leprosy, and Doppler US at this stage may demonstrate increased nerve vascularity, which suggests rapid progression of nerve damage and a poor prognosis.64

Axonal neuropathy
The role of US may be less well deﬁned in axonal PN. Intuitively,
one may expect reduced CSA in axonal PN due to loss of myelinated ﬁbres. However, this is seldom apparent with the exception
of modest reduction of nerve calibre in amyotrophic lateral sclerosis (ALS).60 65 66 In fact, US of axonal PN may detect nerve
enlargement in approximately 20% of patients.15
Studies of US in diabetic PN, most of them focused on the
evaluation of tibial and median nerves, have demonstrated evidence of nerve and fascicle enlargement, and loss of fascicular
pattern.67–70 Correlation with electrophysiological parameters
has been noted in some but not in all studies. Speciﬁcally,
inverse relationships between nerve CSA and compound muscle
action potential amplitude and motor nerve conduction velocity
have been identiﬁed.69 Increased water content due to conversion of glucose into sorbitol in the nerve was suggested as a
cause of the increased nerve CSA.67 Nerve enlargement may be
an interesting marker of diabetic PN severity in future studies,
although it is noted that this ﬁnding has not been reported in all
studies of diabetic PN.15 71
Oxaliplatin-induced neuropathy, which has axonal features on
neurophysiological studies,72 is not associated with reduced
CSA on US but rather nerve enlargement at sites of nerve
entrapment—a ﬁnding suggesting increased susceptibility to
mechanical nerve injury.73
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Nerve tumours
When only imaging data is considered, hypertrophic neuropathy
may be mistaken for a peripheral nerve tumour and vice
versa, particularly when nerve enlargement is segmental or
when tumours are multifocal, for example, neuroﬁbromatosis,
multiple schwannomatosis and intraneural perineurioma.74 75
A comprehensive review of US in peripheral nerve tumours is
beyond the scope of this review (and readers are directed to speciﬁc reviews on the topic76 77). However, characteristic lesion
features are noted in some peripheral nerve tumours, which
may help distinguish them from hypertrophic neuropathy.
A comprehensive US study of proximal and distal peripheral
nerves combined with clinical and neurophysiological information should satisfactorily distinguish each disease process;
however, fascicular nerve biopsy may sometimes be needed.

PRACTICAL APPROACH TO US DIAGNOSIS
Mapping nerve abnormalities
An important aspect of the US examination of suspected PN is
analysis of the topographic distribution of nerve abnormalities.
This includes: the number of nerves involved (diffuse, multifocal or localised); the presence of a proximal or distal predominance; and the uniformity of the involvement along the course
of the nerve. Comprehensive US assessment of the peripheral
nervous system is the recommended approach, which may
include examination of the brachial plexus, upper extremity
nerves (median, radial and ulnar) and lower extremity nerves
(femoral, sciatic, peroneal, tibial and sural), with the composition of the study guided by the clinical phenotype but also
including clinically unaffected regions.

Distinguishing CMT from CIDP
One issue experienced in the neuromuscular clinic is distinguishing some acquired neuropathies from hereditary demyelinating
neuropathies and broad diagnostic test batteries and empirical
treatment trials are often employed to conﬁrm a diagnosis.
Nerve US may contribute to the diagnosis of demyelinating neuropathies in a number of ways.
US may help differentiate CMT from mimicking acquired
demyelinating neuropathies, such as in those patients in whom
clinical features and nerve conduction studies remain inconclusive. Evaluation of CSAs at intermediate nerve segments helped
distinguish demyelinating CMT from CIDP because the CSAs in
patients with demyelinating CMT were uniformly enlarged
while those in patients with CIDP demonstrated variable
enlargement.78 However, care must be taken because patients
with demyelinating CMT other than CMT1A do not always
exhibit nerve enlargement.32
In addition, US studies facilitate assessment of proximal nerve
segments that may be difﬁcult to assess with nerve conduction
studies, and hence may improve the detection of PN with demyelinating features in a predominantly proximal distribution.

Identifying the contribution of nerve compression
Despite non-speciﬁc ﬁndings in patients with axonal PN, US
does have an important role in the diagnosis or exclusion of
superimposed entrapment neuropathy in these patients, which
can be difﬁcult to diagnose using electrophysiological studies
alone. US is able to conﬁrm the diagnosis of compressive neuropathy and to rule out anatomical contributions to nerve injury.
As an example, increased CSA of the median nerve without
change in wrist-to-forearm ratio might be compatible with diabetic PN, while it would not be indicative of carpal tunnel
1072

syndrome.79 Many causes of PN do not lead to altered nerve
morphology on US, but may predispose to secondary entrapment neuropathy. For example, 70% of patients with systemic
sclerosis and sensory complaints have US evidence of carpal
tunnel syndrome or ulnar neuropathy at the elbow.80

FUTURE DIRECTIONS: BEYOND CSA
Recent publications have demonstrated the utility of US in the
work-up of patients with PN. However, many studies to date
have examined heterogeneous populations. In addition, most
studies have focused on the measurement of CSA at different
sites, and there is overlap of values with healthy populations.
Unlike ﬁndings in entrapment mononeuropathy, there is frequently no correlation between the changes in nerve calibre in
PN and clinical severity, although detailed clinical information is
often not reported. More detailed exploration of the US
changes in PN may provide a more powerful assessment of
nerve pathology, which may help in the diagnosis of PN.
The high resolution of US allows accurate assessment of different morphological characteristics of the nerve independent of
CSA and these features have seldom been mentioned in published studies. The features that may warrant further exploration
include: fascicle diameter, fascicle-to-connective tissue ratio, epineurial demarcation and nerve blood ﬂow.23 52 53

Proposed classiﬁcation of nerve US abnormalities
Although the angle of insonation and other technical factors
impact on the nature of the nerve image acquired by US, information regarding the histopathological processes occurring
within the nerve may be available with closer scrutiny of the US
appearance of the nerve. Taking into account the different morphological aspects that can be evaluated at present, the previous
reports and our personal observations, we propose the following patterns of nerve involvement (ﬁgure 2):
▸ Type 1: Increased CSA in multifascicular nerves due to fascicular enlargement.
– Type 1a: With uniform or heterogeneous enlargement of
hypoechoic fascicles as seen in hereditary demyelinating
neuropathies and CIDP.
– Type 1b: With mixed hyperechoic and hypoechoic fascicles
as seen in longstanding CIDP.
– Type 1c: With obliteration of normal sonographic fascicular appearance as seen in inﬂammatory PN, nerve trauma,
HNPP, leprosy and some axonal neuropathies; mild examples of this pattern are also common in entrapment sites in
nerves of asymptomatic normal individuals.
▸ Type 2: Increased CSA in monofascicular nerves. This
pattern may be seen in the brachial plexus and cervical nerve
roots in inﬂammatory neuropathies, such as GBS and CIDP,
and hereditary neuropathies such as CMT.
▸ Type 3: Increased CSA in multifascicular nerves due to
increased perineurial connective tissue. This may be seen in
unusual neuropathies, such as hypertrophic mononeuropathy
and leprosy, and may contribute to US changes in diabetic
neuropathy.
▸ Type 4: Normal CSA with fascicular enlargement or altered
echotexture as seen in CIDP and deposition disorders such
as amyloid neuropathy.
▸ Type 5: Decreased CSA. Reduced CSA has been reported in
ALS and rarely in studies of patients with axonal PN.

CONCLUSIONS
US has a complementary role in the diagnosis of PN. US has
the advantage of excellent resolution of superﬁcial nerves,
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and the dynamic nature of image acquisition makes it a natural
ﬁt for the neuromuscular and electrodiagnostic clinics.
Neurophysiological studies have long been considered to be an
extension of the clinical examination.81 It is expected that a
similar assertion will be increasingly relevant for US, and the
addition of anatomic and structural information may provide
important complementary diagnostic information.
Further, US may be useful to distinguish between different
types of neuropathy, in particular the demyelinating neuropathies, by identifying patterns of morphological changes.
Incorporating US features into diagnostic algorithms may rationalise the process of diagnostic testing with inherent time and
cost savings. Exploration of nerve US features in addition to
CSA may provide additional pathophysiological and diagnostic
insights. Further correlation between US and MRI in PN may
allow the roles of each of these techniques to be better
delineated.
Presently, correlations between nerve morphology and electrophysiological function are emerging in demyelinating neuropathies, such as CMT and CIDP, and diabetic neuropathy;
however, further exploration is needed to determine the relationship between structure and function in other neuropathy
subtypes. Understanding of this emerging diagnostic tool will be
better developed by detailed comparisons of US ﬁndings with
clinical, neurophysiological and histopathological features, and
this is recommended as a focus of future research.
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