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 CURRENT
OPINION Nerve ultrasound for the diagnosis and follow-up

of peripheral neuropathies
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Purpose of review

The purpose if this review is to provide an overview of the available data on the use of nerve ultrasound for
the diagnosis and follow-up of peripheral neuropathies.

Recent findings

During the last decade, nerve ultrasound has been established as a complementary tool for the evaluation
of morphological changes mostly for immune-mediated polyneuropathies. Through the development of
ultrasound protocols for evaluation of disease-specific sites, nerve ultrasound has proven to be a practical,
widely available, reproducible diagnostic tool with no relevant contraindications.

Summary

Cross-sectional area, echogenicity, morphology of the individual nerve fascicles, thickness of the
epineurium, vascularization and mobility of the nerve are the main parameters evaluated with nerve
ultrasound in polyneuropathies. Patients with typical chronic inflammatory demyelinating polyneuropathy
show multifocal nerve enlargements easily visible on the upper extremities and the brachial plexus,
whereas its variants show focal nerve enlargements. On the other hand, axonal neuropathies including
diabetic neuropathy present with isolated nerve enlargement mostly in compression sites.
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INTRODUCTION

Polyneuropathies are the most common diseases of
the peripheral nervous system with a high hetero-
genicity regarding cause and clinical symptoms [1].
Their prevalence is 5–8% in the normal population
and increases at the age of over 55 years up to 13%
[2,3]. The confirmation of the diagnosis tradition-
ally includes thorough clinical examination and
nerve conduction studies.

Imaging methods of the peripheral nervous sys-
tem have been increasingly established during the
past 10 years and are mostly used for the highly
relevant distinction of immune-mediated neuropa-
thies from other neuropathies. The development of
high-resolution ultrasound probes (>12MHz) in the
last 20 years enables the detailed examination of
nerve structures. With its restrictions (e.g. contra-
indications, time required, availability), standard
MR-neurography is hardly an easily accessible alter-
native in everyday clinical practice for the diagnosis
of inflammatory polyneuropathies.

We provide an overview of the available data on
the use of nerve ultrasound for the diagnosis and
rs Kluwer Health, Inc. All rights rese

t © 2023 Wolters Kluwe
follow-up of polyneuropathies with a focus on
chronic inflammatory demyelinating polyneurop-
athy (CIDP). Ultrasound examination for other
inflammatorypolyneuropathies, suchas, sarcoidosis,
vasculitis, POEMS (peripheral neuropathy, organo-
megaly, endocrinopathy, monoclonal plasmacy-
toma, skin changes) have not yet become
established in daily practice [4–6].

For this review, the Medline database was
searched through its interface PubMed (2000 to
January 2022) using the term ‘nerve ultrasound’
combined, using the operator ‘AND’, with the term
‘polyneuropathy’ or ‘neuropathy’. After applying
the filters, ‘humans’ and ‘English’, the newest
articles were selected for each of the neuropathies.
The list of citations and bibliography of every
rved. www.co-neurology.com
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KEY POINTS

� Nerve ultrasound evaluates the cross-sectional area,
echogenicity, fascicle structure, thickness of the
epineurium, vascularization and mobility the
peripheral nerves.

� Nerve ultrasound is a supportive tool in the EAN/PNS
guideline on diagnosis and treatment of CIDP.

� Patients with CIDP show multifocal nerve enlargements
primarily with hypoechoic changes.

� Patients with Charcot-Marie-Tooth Type 1a show
homogenously increased CSA of the peripheral nerves.

� Noninflammatory axonal neuropathies show CSA
increase mostly in compression sites.

Peripheral nerve and neuromuscular junction disease
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identified article was further scanned for potentially
relevant articles.
NERVE ULTRASOUND ALGORITHMS AND
EXAMINATION PROTOCOLS

Superficial (median, ulnar, radial, and sural nerve) as
well as deeper nerves of the body (tibial and pero-
neal nerve at the popliteal fossa and upper leg,
brachial plexus, vagus nerve) can be visualized
(Figs. 1–3). The transducer must be kept perpendic-
ular to the nerves to avoid anisotropy (dependence
of the echogenicity of the nerve on the direction of
the ultrasound). Sonographically, the peripheral
nerves show a homogeneous, tubular echo-struc-
ture, with alternation of parallel, hypoechoic (fas-
cicles) and hyperechoic (perineurium) zones in the
longitudinal plane. In the axial plane, the nerves
present with a ‘honeycomb’ or fascicular impression
(hypoechoic fascicles and hyperechoic epineurium).
FIGURE 1. From left to right depicted: The median nerve at the
hypoechoic fascicles, CSA 12mm2) and at the forearm (hypoech
CSA 14mm2). The radial nerve at the upper arm, Canalis spiralis
increase of a single fascicle, CSA 23mm2). CSA, cross-sectional

374 www.co-neurology.com
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The goals of the sonographic evaluation of a
patient with polyneuropathy are:
(1)
carp
oic n
(hyp

area

eal
detection of pathological, structural changes in
the peripheral nerves and/or the brachial
plexus,
(2)
 documentation of the morphology and distri-
bution pattern of these changes,
(3)
 quantification of these changes in order to carry
out a reliable follow-up.
The examiner should evaluate the following
parameters: cross-sectional area (CSA), the echoge-
nicity, size and symmetry of the individual nerve
fascicles, thickness of the epineurium, and vascula-
rization and mobility of the nerve.
(1)
 The CSA is measured to the inner border of the
hyperechoic epineurium. According to the
novel recommendations of the EAN/PNS,
enlargements of median nerve and/or the cer-
vical nerve roots indicate a CIDP [7

&

,8
&&

,9
&&

].
Various other scoring systems have been intro-
duced to further improve the sensitivity and
specificity of the method, for example, the
Bochum Ultrasound Score for distinguishing
Guillain-Barr�e Syndrome (GBS) and CIDP
[10], the inclusion of vagus nerve for the GBS
diagnosis [11], the axonal Bochum ultrasound
score for distinguishing noninflammatory from
inflammatory polyneuropathies with axonal
damage [12]. In Table 1, the different scoring
systems are presented with the mean values for
healthy individuals from different study groups
as well as the mean values from the existing
meta-analysis [13

&

–15
&

].

(2)
 The echogenicity of the nerve can be evaluated

during theexaminationqualitatively,depending
al tunnel (normal fascicular structure with homogenously,
erve, homogeneous increase in the CSA of all fascicles,
oechoic nerve, no distinct fascicular structure, CSA
.
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FIGURE 2. From left to right depicted: The ulnar nerve at the Loge de Guyon (mixed echogenicity, cross-sectional area 9mm2)
and at the upper arm (hypoechoic nerve, homogeneous increase in the cross-sectional area of all individual fascicles, CSA
17mm2). The vagus nerve at the level of the bifurcation of the common carotid artery (hypoechoic nerve, no vascularization,
CSA 8mm2). CSA, cross-sectional area.
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on the experience of the examiner. In recent
years, novel measurement techniques have been
introduced to achieve a reproducible quantifica-
tion of echogenicity by postprocessing the ultra-
sound images. Nerves and fascicles of patients
with inflammatory polyneuropathy are typically
hypoechoic. Hyperechoic nerves can occur in
patients with severe long-term illness [16].
(3)
 Regarding the morphology of the individual
nerve fascicles, a selective hypertrophy of indi-
vidual fascicles and fading of the fascicular
structure are the most frequent findings for
patients with inflammatory polyneuropathy
[17,18].
(4)
 An increased thickness of the epineurium with
hyperechoic presentation is a rare finding in
peripheral neuropathies due to structural
remodeling of the epineurium [19].
(5)
 The vascularization of a peripheral nerve can be
evaluated using the doppler method, but it has
not been established in routine diagnostics. In
the normal state, the peripheral nerves do not
RE 3. From left to right depicted: Brachial plexus between the
onal area of the C5, C6, and C7 roots in CIDP. The fibular nerve
iteal fossa (hypoechogenic nerves, no distinct fascicular structure).
2) next to the V. saphena parva. CSA, cross-sectional area.

-7540 Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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showanydetectableDoppler signal.Ontheother
hand, increased intraneural blood flow canoften
be documented in various immune neuropa-
thies. Possible limitations of the Doppler techni-
que can be the influence of external factors such
as temperature. For thispurpose, the skin temper-
ature over the examined nerve should be kept at
32 8C [20]. Mobility of the nerve is an important
factor in the assessment of entrapment syn-
dromes (i.e. luxationof the ulnar nerve in cubital
tunnel syndrome). There is no sufficient data on
nerve mobility in polyneuropathies.
Pitfalls and restrictions of ultrasound
diagnostics

Thevalidationofnormalnerveultrasoundcut-offCSA
values for healthy subjects is a critical aspect influenc-
ing the wide use of the method. It is currently recom-
mended to generate standard values for healthy
control subjects depending on sex and age for each
ultrasound laboratory. Furthermore, the intrarater
scaleni muscles depicting a massive increase in cross-
(CSA 14mm2) and tibial nerve (CSA 41mm2) at the
The sural nerve at the middle of the lower leg (CSA

www.co-neurology.com 375
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Table 1. Mean ultrasound values for each nerve segment in normal subjects from different study groups and the mean values

from the existing meta-analysis

Kerasnoudis
et al. (2014)

Grimm et al.
(2018)

Fisse et al.
(2021)

Herraets
et al. (2020)

Nerve Site Mean CSA
(mm2)

Standard
deviation

Mean CSA
(mm2)

Mean CSA
(mm2)

95% CI
(mm2)

Upper limit
CSA

Median
nerve

Wrist 8.43 2.07 (12.57) 10.6 8.3 7.9--8.7 --

Forearm 6.6 1.6 (6.8) 7.2 6.4 5.9--6.9 10

Elbow -- -- 9.2 -- -- --

Upper arm 8.4 2.87 (14.14) 9.1 8.3 7.5--9.0 13

Ulnar nerve Guyon loge 5.16 1.03 (7.22) 4.1 3.6--4.6 --

Forearm 5.46 1.26 (10.92) 5.9 5.2 4.8--5.7 --

Elbow 5.33 1.4 (8.13) 8.7 5.9 5.4--6.5 --

Upper arm 6.53 1.82 (10.17) 7.0 6.6 5.1--6.1 --

Radial nerve Upper arm 3.26 1.52 (6.3) -- 5.1 4.0--6.2 --

Vagal nerve Carotid sheath -- -- 2.2 2.2 1.5--2.9 --

C5 -- -- 2.4a 5.6 4.6--6.7 8

C6 -- -- 3.4a 8.8 7.4--10.3 8

C7 -- -- -- 9.5 8.0--10.9 8

Brachial
plexus

Intrascalene
space

30.93 10.82 (52.57) -- -- -- --

Supraclavicular
space

46.13 18.27 (82.67) -- -- -- --

Fibular nerve Fibula head 7,1 2.3 (11.7) -- 8.4 6.8--9.9 --

Popliteal fossa 8.6 1.77 (12.14) 8.4 7.9 6.6--9.2 --

Tibial nerve Popliteal fossa 8.43 2.68 (13.79) 23.2 25.9 17.5--34.4 --

Malleolus 6.36 1.45 (9.26) 10.2 10.0 7.7--12.4 --

Sural nerve Heads of
gastrocnemius
muscle

1.82 0.64 (3.1) 2.2b 2.4 1.7--3.1 --

CI, confidence interval, CIDP, chronic inflammatory demyelinating polyneuropathy; CSA, cross-sectional area.
aGrimm et al. (2018) measured distance, not the CSA for C5 and C6 root.
bGrimm et al. (2018) measured sural nerve at the lateral ankle.
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and inter-rater reliability should be evaluated. It
must also be critically mentioned that, just like
in vascular diagnostics, nerve ultrasound diagnostics
is dependent on the experience of the examiner
and the anatomical characteristics of the patient.
When the examination conditions are not optimal
(e.g. obesity) or for nerves in deeper parts of the body
(e.g. thighs), ultrasound diagnostics has important
limitations.
ULTRASOUND FINDINGS IN SELECTED
POLYNEUROPATHIES

Hereditary neuropathies

In the demyelinating form of hereditary sensory
motor neuropathy (HMSN), Charcot-Marie-Tooth
376 www.co-neurology.com

Copyright © 2023 Wolters Kluwer H
disease (CMT) type Ia, there is a generalized and
homogeneously enlarged CSA in all nerve sections,
which corresponds to a uniform chronic demyeli-
nation and remyelination of the entire nerve. Stud-
ies on the disease course over 5 years, have shown
that these CSA enlargements appear essentially con-
stant in CMT I [21–24]. Changes in echogenicity
towards hypoechoic nerves have been described in
CMT I [25]. In the other subtypes of CMT, the CSA
enlargement is less prominent compared with CMT
Ia [26]. In hereditary motor neuropathy with a
tendency to pressure paralysis (HNPP), nerve
enlargements are not generalized but occur only
in typical compression and friction sites (carpal
tunnel, ulnar sulcus, and fibula head) [20,27]. Slight
nerve CSA enlargements of the proximal nerve seg-
ments, including the vagus nerve have also been
Volume 36 � Number 5 � October 2023

ealth, Inc. All rights reserved.
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reported for familial transthyretin amyloidosis even
in asymptomatic cases [28,29].
Chronic inflammatory demyelinating
polyneuropathy

Thediagnosis ofCIDP,based solelyonclinical exami-
nation, nerve conduction studies, lumbar puncture,
and nerve biopsy remains challenging. In the past, a
large number of diagnostic criteria were proposed,
someofwhich are outdated anddiffer significantly in
terms of sensitivity and specificity.

First applications of ultrasound diagnostics in
CIDP showed bilateral thickening of the brachial
plexus andmultifocal thickeningof severalperipheral
nerves [30]. Similar observations had previously been
made fromMRI scans [31–33]. A possible explanation
for the thickeningand thus increases in theCSAof the
nerves could be the dynamics of the inflammation
with demyelination and remyelination (‘onion skin
formation’). This morphological correlate fits well
with the inflammatory nerve root compromise that
leads to elevationofCSFprotein.Althoughmultifocal
changes in the nerves were detected in CIDP patients
in the years that followed, a positive correlation
between morphological changes and electroneurog-
raphy has not yet been shown.

The usefulness of ultrasound in differentiating
CIDP from other polyneuropathies has been docu-
mented in a number of publications in recent years
and has led to nerve ultrasound being included in
the revised CIDP diagnostic criteria of 2021 as a
supportive examination method for possible CIDP,
thereby increasing the sensitivity and specificity of
the diagnosis [9

&&

].
In a study with three centers in Holland in a

cohort with a total of 100 patients with clinical
suspicion of inflammatory neuropathy, Herraets
et al. validated a short sonographic protocol con-
sisting of the median nerve in the forearm (normal
value <10mm2), median nerve in the upper arm
(normal value <13 mm2) and the C5 cervical root
(normal value <8mm2). In this cohort, 39 patients
were diagnosed with a chronic autoimmune neuro-
pathy (CIDP or CIDP variant) based on the criteria of
EFNS/PNS of 2010, of which 33 patients fulfilled the
electrodiagnostic criteria. The added value of nerve
ultrasound in identifying treatment-responsive
patients compared with nerve conduction studies
(NCS) alone was 25% as 11 patients presented with
normal NCS but CSA increase in at least one of the
above-mentioned nerves [7

&

,8
&&

].
The above-mentioned protocol was revolution-

ary for the revision of diagnostic guidelines of CIDP
and, therefore, sets novel standards not only on the
use of ultrasound but also on the use of invasive
1350-7540 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2023 Wolters Kluwe
examinations such as the nerve biopsy, which can
now be reserved as the last option for unclear cases.
However, it has yet to be proven in the clinical
routine und research whether this short protocol
has sufficient sensitivity and specificity.

The main pitfalls, which have attracted
criticism, are the reproducibility of the CSA meas-
urement of the C5 root based on anatomical land-
marks, the validity of the normal values and the
increasing reports in the literature that further
nerves are affected in CIDP and should also be
evaluated to increase sensitivity [16,32–37]. Surely,
the investigation of these aspects is the next step for
the development of a widely accepted protocol of
CIDP diagnosis.

It is, however, clear that nerve enlargements in
CIDP are not generalized and homogeneous as in
hereditary polyneuropathies but that multiple indi-
vidual nerve segments appear enlarged in noncom-
pression sites, while other segments have normal
CSA. To depict this, homogeneity scores have been
proposed [17,19]. Also, the evaluation of fascicles
can reveal individual enlarged fascicles within a
nerve section next to morphologically normal ones
(Fig. 3).

The clinical significance of extremenerve enlarge-
ments in CIDP, also called ’giant nerves’, remains
unclear, although similar enlargements have been
reported in POEMS. Probably, this massive enlarge-
ment represents an inflammatory component with
excessive demyelination/remyelination [36].

The need to evaluate the peripheral nerves in
patients with suspected immune-mediated neuro-
pathy more thorough than in the Dutch protocol is
compelling, in order to diagnose CIDP variants such
as multifocal and distal CIDP. Nerve enlargements
in multifocal CIDP (also known as MADSAM or
Lewis Sumner syndrome) found not only in the
clinically and electrophysiologically affected nerves,
for example, at sites with conduction blocks but also
in clinically asymptomatic nerves [38]. Nerve
enlargements in distal CIDP (also known as DADS)
are similar to that of typical CIDP but with less
pronounced enlargement and less involvement of
the nerve roots [39,40]. In paranodopathies, case
reports describe partially not only slightly enlarged
nerve sections but also enlarged nerves at typical
compression sites, but the studies are still insuffi-
cient to make a diagnostic recommendation for
paranodopathies [41].
Treatment monitoring in chronic
inflammatory demyelinating polyneuropathy

A latency of months to even years before the CIDP
diagnosis is confirmed is not uncommon. In these
rved. www.co-neurology.com 377
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cases, secondary axonal damage has occurred, so
that primarily the nerves of the lower extremities,
can no longer be evaluated adequately through the
NCS.When the axonal damage has progressed so far
at the beginning of treatment, the question arises as
to how to adequately evaluate the course of the
disease [42–44].

Nerve sonography could assist in filling this gap.
The ‘intranerve CSA variability’ (maximum divided
byminimumCSA for each nerve), which reflects the
segmental character of the CIDP, was proposed as
parameter suited for therapy monitoring. A reduc-
tion in the ‘intranerve CSA variability’ means a
reduced degree of swelling within a nerve, so that
the ratio of themaximumCSA to theminimumCSA
approaches ‘1’ and could indicate a low disease
activity [19,42].

Furthermore, nerve echogenicity can be used
prognostically: hypoechoic enlarged nerves and fas-
cicles reflect inflammatory edema, which responds
to therapy. On the other hand, in patients with
progressive disease and severe axonal damage, small
hyperechoic nerves are occasionally present, which
are considered to reflect a scar-fibrous remodeling
difficult to treat with current anti-inflammatory
therapies [18,37,42].
Guillain–Barr�e syndrome

In about 15% of cases, CIDP presents with acute
signs so that the clinical picture can resemble the
Guillain-Barr�e syndrome (GBS). GBS also shows
treatment-dependent fluctuations in about 15% of
cases, which usually occur during the first 8weeks
[45–47]. The distinction of these two disease entities
(acute CIDP vs. GBS) can be challenging. The com-
parison of the clinical phenotype vs. neurophysio-
logical parameters showed that the clinical aspects
are better suited to separate acute CIDP from GBS
than NCS [48].

In this case, nerve ultrasound can be helpful as
patients with CIDP could already present with more
increased nerve CSA. Characteristic of GBS are nerve
swellings, especially in the cervical plexus and vagal
nerves, but CSA increase can also occur in other
peripheral nerves with the exception of the sural
nerve. Based on ‘BochumUltrasound Score (BUS)’, it
is possible to distinguish acute CIDP from GBS with
a sensitivity and specificity of up to 80% through the
examination of the ulnar nerve in the upper arm
and Loge de Guyon, the radial nerve in the radial
sulcus and the sural nerve between the heads of the
gastrocnemius muscle. A CSA increase in two of the
above sites implies a chronic neuropathy [10].

The CSA increase of the vagus nerve in GBS
patients also provides a crucial sonological marker,
378 www.co-neurology.com
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which correlates with autonomic dysfunction and
improves after disease [11]. Currently, studies on the
correlation of the vagal autonomic function in tilt-
test and sonographical findings for patients with
extrapyramidal disorders are emerging showing a
reduction of the nerve CSA correlating with auto-
nomic dysfunction [49

&

].
Multifocal motor neuropathy vs. amyotrophic
lateral sclerosis

Multifocal motor neuropathy (MMN) is a motor,
immune-mediated polyneuropathy with asymmet-
ric onset and slow clinical progression. The defini-
tive diagnosis requires the detection of conduction
blocks, which is not always possible mostly in cases
of proximal affection [50].

On the other hand, the diagnosis of the degen-
erative motor disease amyotrophic lateral sclerosis
(ALS) is based on electrophysiological and clinical
features with newly revised criteria, which grade the
ALS diagnosis based on probability [51]. The differ-
ential diagnosis of ALS is a major challenge, espe-
cially in the early stages of the disease or in the case
of atypical courses [52

&&

].
Ultrasound evaluation of the peripheral nerves

can confirm MMN and exclude ALS diagnosis for
patients with asymmetrical motor neuropathy as
MMN patients present with multifocal CSA increase
in the peripheral nerves and nerve roots, even in
segments without conduction blocks [53–59]. In
contrast, normal CSA or even atrophic nerves are
found in ALS. Therefore, sonographical evaluation
of the peripheral nerves or at least evaluation of the
clinically most affected nerve/nerve root in ALS and
MMNcan improve diagnostic validity [60

&

]. Uniform
approaches and multicenter validations are still
needed for ultrasound evaluation of ALS patients,
as the role of muscle ultrasound for the detection
of fasciculations is also crucial in these cases [61].
Other polyneuropathies

There seems to be no specificmorphological changes
for further neuropathies such as toxic neuropathy,
diabetic neuropathy, leprosy, vasculitic neuropathy
and sarcoidosis. Normal to slightly enlarged nerve
calibers occur in axonal polyneuropathies, with
enlargements being observed particularly at com-
pression sites [4,5,62–68]. These results suggest that
nerve ultrasound can potentially detect increased
susceptibility to pressure damage in axonal poly-
neuropathies. A summary of the nerve ultrasound
findings for the above-mentioned polyneuropathies
is provided in Table 2. As pointed out above, because
of the different distribution of focal and multifocal
Volume 36 � Number 5 � October 2023
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Table 2. Summary of nerve ultrasound findings for different polyneuropathies with selected publications

Type of polyneuropathy Nerve ultrasound characteristics Selected literature

Charcot-Marie-Tooth Ia Generalized and homogeneously enlarged CSA in
all nerve sections hypoechoic nerves

Goedee et al., 2015, Grimm et al., 2016, Kojima
et al., 2020, Grimm et al., 2020, Winter et al.,
2021

Other Charcot-Marie-Tooth
subtypes

Less prominent CSA increase than in CMT Ia Schreiber et al., 2013, Grimm et al., 2016, Kojima
et al., 2020, Grimm et al., 2020, Winter et al.,
2021

Hereditary motor neuropathy
with a tendency to pressure
paralysis (HNPP)

CSA enlargement in typical compression and
friction sites (carpal tunnel, ulnar sulcus, and
fibula head)

Goedee et al., 2015, Steinward et al., 2021

Transthyretin familial amyloid
neuropathy

Normal to slightly enlarged nerve calibers
including vagus nerve

Salvalaggio et al., 2020

Chronic inflammatory
demyelinating
polyneuropathy

Multifocal enlargement of nerve segments in
noncompression sites, individual enlarged
fascicles, cases with ‘giant nerves’, hypoechoic
nerves at early stages, hyperechoic nerves as
sign of axonal damage

Padua et al., 2012, Zaidmann et al., 2013, Grimm
et al., 2016, 2019, Fisse et al. 2018, H€artig
et al., 2018, Herraets et al., 2020a,b

Multifocal CIDP acquired
demyelinating sensory and
motor neuropathy
(MADSAM)

focal nerve enlargements also in sites with no
nerve conduction abnormalities

Kerasnoudis et al., 2015, Grimm et al., 2016,
Drner et al., 2020

Distal acquired demyelinating
polyneuropathy (DADS)

Similar to typical CIDP, less pronounced
enlargement and less involvement of nerve roots

Vu et al., 2017

Paranodopathies Case reports with not only partially slightly
enlarged nerve sections but also enlarged
nerves at typical compression sites

Athanasopoulos et al., 2020

Guillain--Barr�e syndrome CSA increase of the vagus nerve and cervical
nerve roots, no CSA enlargement of sural nerve

Grimm et al., 2014, 2016, 2019, Kerasnoudis
et al., 2014

Extrapyramidal disorders
idiopathic Parkinson
syndrome, multiple system
atrophy

Reduced CSA of vagus nerve -- correlations with
autonomic dysfunction

Huckemann et al., 2023

Multifocal motor neuropathy Multifocal CSA increase in the peripheral nerves
and nerve roots, even in segments without
conduction blocks, detection of fasciculations

Catwright et al., 2011, Kerasnoudis et al., 2014,
Grimm et al., 2015 a,b, Schreiber et al., 2016,
2020, Hensiek et al., 2020, Lwenbr€uck et al.,
2021, Suzuki et al., 2022

Diabetic neuropathy Normal to slightly enlarged nerve calibers, with
enlargements mostly at compression sites

Pitarokoili et al., 2016, Breiner et al., 2017

Vasculitic neuropathy Normal to slightly enlarged nerve calibers, with
enlargements mostly at compression sites

Grimm et al., 2014, Uçeyler et al., 2016

Sarcoid neuropathy Normal to slightly enlarged nerve calibers, with
enlargements mostly at compression sites

Kerasnoudis et al., 2014, Kitaoji et al., 2021

Leprosy Increased nerve CSA for multiple nerves also in
cases of normal conduction studies

Chen et al., 2018, Sreejith et al., 2021

CSA, cross-sectional area.
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morphological changes in various polyneuropathies,
examination protocols in polyneuropathy patients
should not substitute the evaluation of the whole
length of the peripheral nerves.
CONCLUSION

Nerve ultrasound is a crucial imaging method to
support nerve conduction studies for the evaluation
1350-7540 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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of polyneuropathies. As a diagnostic tool, it has been
proved to be practical, widely available, reproduci-
ble, with no relevant contraindications and cost-
effective. Thorough and dynamic examination pro-
tocols are necessary to gain adequate information
on morphological nerve changes. Specific ultra-
sound protocols have been developed to distinguish
chronic inflammatory demyelinating neuropathy
from other polyneuropathies and further studies
rved. www.co-neurology.com 379
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are expected to establish examination protocols for
further demyelinating and axonal neuropathies as
well as monitoring protocols.
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