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Abstract

Objectives High-frequency ultrasound (HFUS 18-20 MHz) performed on patients with chronic inflammatory demyelinat-
ing polyneuropathy (CIDP) shows a focal enlargement, particularly in the proximal segments of upper-arm motor nerves.
Ultrahigh frequency ultrasound (UHFUS 30-70 MHz), having a higher spatial resolution, enables a better characterization
of nerve structures. The aim of this study was to compare the two ultrasound probes in the evaluation of motor nerve char-
acteristics in CIDP patients.

Methods Eleven patients with definite or probable CIDP underwent an ultrasound evaluation of median and ulnar nerves,
bilaterally. Nerve and fascicle cross-sectional area (CSA), vascularization, and echogenicity were assessed.

Results Nerve and fascicle CSA were increased in the proximal segments, especially in the median nerve, in 9/11 patients
and in 10/11 patients at the HFUS and UHFUS evaluations, respectively. A statistically significant difference between CSA
values obtained with the two probes was found only for fascicle values. UHFUS allowed for a more precise estimation of
fascicle size and number than the HFUS. We were able to identify nerve vascularization in 4/11 patients at UHFUS only.
Conclusion UHFUS gives more detailed information on the changes in the internal nerve structure in CIDP patients. In
particular, it permits to better characterize fascicle size and morphology, and to have a precise estimation of their number.
Its frequency range also allows to evaluate nerve vascularization.

Significance Ultrasound evaluation could become an adjunctive diagnostic tool for CIDP. Further studies are needed to
validate the examined parameters as biomarkers for the evaluation and follow-up of CIDP patients.
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thy [1]. The diagnosis is based on clinical and electrophysi-
ological criteria and, when necessary, supportive criteria,
such as albumino-cytologic dissociation in the cerebrospi-
nal fluid (CSF), hypertrophy and/or gadolinium enhance-
ment of nerve roots or plexuses at the MRI and, ultimately,
nerve biopsy [2, 3]. However, the diagnosis is sometimes
not straightforward to perform. To this end, in recent years,
nerve ultrasound (US) assessment has been increasingly
used in centers of expertise. Evaluation using a transducer
with a frequency between 15 and 20 MHz (high-frequency
ultrasound—HFUS) is a common practice to diagnose dys-
immune neuropathies [4—8]. HFUS shows a non-homoge-
neous nerve enlargement, especially in proximal median
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nerve segments and the brachial plexus [9—11] and variable
echogenicity patterns depending on the stage of the disease
[8, 12]. More recently, a US probe equipped with a trans-
ducer operating at an upper frequency from 50 to 70 MHz
has been approved for human use by the United States Food
and Drug Administration. Earlier studies have shown that
this probe allows for a better identification of nerve fasci-
cles in the median nerve at wrist level [13], thus possibly
providing detailed information on the structure and possible
alterations of diseased peripheral nerves. We compared the
results obtained with two transducers, a HFUS (18-20 MHz)
and an ultra-high frequency US (UHFUS 30-70 MHz) one,
to assess whether there are substantial differences in upper
limb nerve evaluation in a cohort of definite or probable
CIDP patients.

Methods
Patients

Patients were recruited from the Peripheral Nervous System
and Muscle Centre of the Nice University Hospital. The only
inclusion criterion was a diagnosis of definite or probable
CIDP as per the European Federation of Neurological Socie-
ties/Peripheral Nerve Society’s (EFSN/PNS) diagnostic cri-
teria [2]. Patients having concomitant diseases implicated in
the pathogenesis of CIDP (e.g., diabetes mellitus, dysglobu-
linemia) were excluded. We selected 11 consecutive patients
presenting to our department in a 4-week interval from June
to July 2018 and fulfilling the inclusion and exclusion cri-
teria. All patients had been receiving immunomodulatory
treatment with intravenous immunoglobulins for at least
3 months prior to study commencement. None had received
other prior treatment for their CIDP (e.g., corticosteroids,
immune suppressors, plasma exchange). Electroneuromyo-
graphy (ENMG) (Keypoint, Medtronic) was performed on
all patients between 1 and 3 months prior to the US as part
of our follow-up protocol.

Ultrasound assessment

Ultrasound evaluations of peripheral nerves were per-
formed on each patient both with a high-resolution probe
(18-20 MHz, Acuson S3000, Siemens, Erlangen, Germany)
and an ultrahigh-resolution probe (50-70 MHz, Vevo, VD,
Visualtronics, Toronto, Canada). The median nerve (MN)
and ulnar nerve (UN) were screened from wrist to mid-
forearm and in the distal arm segment. The probes were
adjusted to be perpendicular to the nerves, no pressure was
applied, and neutral position was adopted for each mem-
ber, except for the examination of the ulnar nerve at elbow
which was performed with the elbow flexed at 90°. The
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nerve ultrasound examination was performed bilaterally and
with both probes in one session by the same rater, who was
blinded to the clinical and electrophysiological data of all
patients. The protocol took in total between 40 and 60 min
for each patient.

CSA for the MN was measured at 5 cm (cm) from the
distal wrist crease and, on the medial side of the upper arm,
5 cm proximal to the elbow crease. CSA for the UN was
measured at 6 cm from the pisiform bone and at 7 cm prox-
imal to the medial epicondyle. We used reference values
previously published by other authors. We considered nerve
CSA values as abnormal if greater than the upper limit for
axonal neuropathies as described by Goedee et al. [14]. For
fascicle CSA, the values were considered abnormal if they
were equal to or greater than those proposed by Grimm et al.
for patients with acquired demyelinating neuropathy [15].

The predetermined measurement sites and the cutoff val-
ues for abnormality are shown in Table 1.

Nerve CSA assessment was performed on transversal
images using the manual tracing method by placing the cur-
sor inside the hyperechoic rim of the nerves. Depth function
was not standardized but adjusted individually depending on
nerve anatomy at the site of examination and patient charac-
teristics (amount of subcutaneous tissue) so as to permit the
viewing of the nerve in its entirety on transversal sections;
for the UHF probe, depth could not exceed 15 mm, due to
technical limitations. The zoom function was not used dur-
ing acquisition of images, but could have been used after-
wards to facilitate measurements after the examination, and
only if the nerve appeared too small on the device screen.

Fascicle identification, counting and CSA measurement
were performed on the same transversal images used for
nerve CSA measurement. Fascicles were defined as hypo-
echoic ovoid-shaped areas surrounded by hyperechoic rims
within the nerve and CSA measurement was performed with
the cursor placed inside of this hyperechoic margin, in a
similar fashion to nerve CSA measurement. The largest fas-
cicle CSA was used for statistical analysis.

Nerve echogenicity was evaluated by means of a visual
method. Nerves were defined as mainly hypoechoic if the
fascicular echogenicity was similar to the lumen of blood
vessels (e.g., the radial artery), and as hyperechoic if the
grayscale was comparable to lymph node echotexture. Echo-
genicity alterations associated with low CSA values were
not considered. For the assessment of fascicle echogenic-
ity, we used a classification previously proposed by Padua
et al. [8], who described three patterns using US probes of
up to 18 MHz: class 1—enlarged nerves with hypoechoic
fascicles; class 2—enlarged nerves with hypo/hyperechoic
fascicles; class 3—normal nerve CSA with fascicle dedif-
ferentiation. Class 1 (early stage) is associated with acute
edema and inflammation, whereas class 3 (end stage) refers
to chronic and predominantly axonal damage.
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Table 1 US examination
protocol and CSA cut-off values

Site of measurement

Abnormal nerve CSA  Abnormal fascicle

cut-off value (mm?)?* CSA cut-off value
(mm?)°
Median nerve Distal site >21 >8.1
5 cm proximal to wrist crease
Proximal site >13 >16.7
5 cm proximal to elbow crease
Ulnar nerve Distal site >17 >7.5
6 cm proximal to pisiform bone
Proximal site >11 >10.7

7 cm proximal to medial epicondyle

*Values taken from Goedee et al. [14]; for the median nerve, axonal “carpal tunnel” and “upper arm” val-
ues were used for distal and proximal sites, respectively; for the ulnar nerve, axonal “distal sulcus” and
“upper arm” values were used for distal and proximal sites, respectively

Values taken from Grimm et al. [15]; for the median nerve, multifocal motor neuropathy “forearm” and
“upper arm” values were used for distal and proximal sites, respectively; for the ulnar nerve, multifocal
motor neuropathy “forearm” and “upper arm” values were used for distal and proximal sites, respectively

All assessments of nerve and fascicle CSA, fascicle
count, and echogenicity were done qualitatively by the radi-
ologist performing the examination and by a neurologist
experienced in nerve ultrasound. A qualitative method was
chosen for the examinations as we did not possess a specific
software for the UHF probe.

Doppler sonography was used for the assessment of nerve
vascularization.

Acquisition was performed at 90° to skin surface and no
steer was applied. Dynamic range of both devices was 65 dB
and only concerned the B-mode acquisition. Comparatively
to the HF US probe, for the UHF Doppler examination we
used an inferior scale (4.8 cm/s for UHF, 8 cm/s for HF)
and a higher global gain (38 dB for UHF, 30 dB for HF),
to comply with the higher frequency (40 MHz for UHF,
6.25 MHz for HF) of the Doppler mode. There was no dif-
ference concerning Doppler settings comparatively to its use
for non-nerve tissues using these probes.

Statistical analysis

For statistical analysis, IBM SPSS Statistics, version 20
(Chicago, IL, USA) was used. Because the distribution of
values was normal, Student’s ¢ test was used for means com-
parisons between both US probes. The level of statistical
significance was set as p <0.01.

Results

Patients

Eleven patients (eight men and three women, mean age
64.09 years, range 38—76 years) with definite or probable

CIDP were included in the present study. Their demographi-
cal and clinical data are summarized in Table 2.

Ultrasound assessment and measurements

Nerve CSA was increased in at least one of the examined
segments in 10/11 (90.9%) patients at the UHFUS and
in 9/11 (81.8%) patients at the HFUS. This increase was
found mostly in the proximal median nerve segment. No
statistically significant difference was found in the absolute
or mean CSA values obtained with the two transducers,
although CSA values appeared to be higher with the UHF
probe; mean nerve CSA values are summarized in Table 3.
Fascicle CSA was increased in 1/11 (9%) patients using the
UHF probe, while such a change was found in 5/11 (45.4%)
patients using the HF probe, a difference which was statis-
tically significant. Similarly to nerve CSA, higher fascicle
CSA values were obtained in the proximal segments and
with the HFUS probe, but more so in the ulnar nerve. We
found a statistically significant difference between the mean
size values of the fascicles obtained with the two probes,
with greater values obtained using the HF probe (p <0.01);
mean fascicle CSA values are summarized in Table 3. We
observed an increase in fascicle CSA without a correspond-
ing increase in nerve CSA in three patients using the HF
transducer (ulnar nerve in the distal arm segment for patients
1, 7 and 10), whereas only patient 10 had similar changes
at the UHFUS.

The number of fascicles displayed with the UHF probe
was statistically higher than that displayed using the HF
probe (p <0.01) (Table 4). We also found a gradient with
respect to fascicle number, with higher values in the distal
segments (Table 4 and Fig. 1).
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Table 2 Patient characteristics

Patient no. Gender Age (years) CIDP category Disease duration Treatment

(years) duration
(months)

1 M 68 Definite 2 3

2 M 65 Probable 3 1

3 M 60 Definite 8 2

4 F 69 Definite 7 4

5 F 38 Definite 1 2

6 M 76 Definite 2 1

7 M 75 Probable 1 9

8 M 53 Definite 5 9

9 F 66 Definite 31 36

10 M 63 Probable 2 10

11 M 72 Probable 3 9

M male, F female

The echogenicity of the nerve was assessed with a focus
on areas of nerve enlargement. Using the UHF probe, six
patients were classified as class 1, four patients as class 2 and
one patient as class 3 (Fig. 2). No difference in echogenicity
was found between examination with the two probes in all
but three patients (patients 2, 6 and 9) in whom the nerves
appeared more hyperechoic with the HF probe. Furthermore,
in these patients the UHF probe enabled to better identify the
fascicles, some of which kept a hypoechoic aspect (Fig. 2).

On Doppler examination, we found epineural/endoneural
vascularization in 5/11 (45.4%) patients (patients 1, 2, 3, 5
and 6) using only the UHFUS (Fig. 3).

Discussion

The available literature data suggest that upper limb nerve
enlargement, as evidenced by ultrasonography, occurs in
90% of CIDP patients, either treated or not; however, with
long duration of disease, these changes tend to disappear
[10]. Structural nerve changes are less well characterized,
and one may find discordant information in the literature.
In our cohort, we found focal increases in nerve diameter,
particularly in the proximal segments of the median nerve,
in 10/11 (90.9%) and in 9/11 (81.8%) patients using the
UHFUS and HFUS probes, respectively. We did not find
any increase in nerve CSA in patient 9; this may be due
to either the limited nerve segment we explored, or to the
patient’s longstanding disease at the moment of the evalu-
ation (31 years) versus the rest of the examined patients
(between 1 and 8 years’ disease duration).

Overall, nerve CSA values obtained with the UHF trans-
ducer were higher than those obtained with the standard
probe (Table 3). Studies on ulnar and median nerve anat-
omy have already shown that nerve CSA is indeed greater in
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biopsy specimens [16, 17] compared to the values obtained
through HFUS [7, 14, 18, 19], mainly because echography
is less sensitive in detecting epineural edges compared to
the optical microscope [20]. The resolution offered by the
UHFUS, which is three to five times higher than that of the
standard US probe [21], allows for a better identification
of the hypoechoic margin of the nerves and thus probably
accounts for the values we obtained in our study. Literature
data are relatively scarce with respect to the fascicle size in
neuropathies, and the available studies were done using the
standard probe. Interestingly, in our study we found a statis-
tically significant difference between the number of patients
with fascicle CSA increase between the two probes. The
highest values were found with the HF probe. Furthermore,
we found segments of increased fascicle CSA without cor-
responding nerve CSA increase in three patients using the
HF probe; all patients had such changes in the distal arm
segment of the ulnar nerve. Of the three identified patients,
only one had similar changes when examined with the UHF
probe. These findings are probably related to the fact that
this is a segment in which the ulnar nerve is subject to fre-
quent, albeit minor, trauma.

We found overall fascicle CSA values obtained at the
UHFUS to be lower than those obtained at the HFUS. While
for statistical analysis we only used the largest fascicle CSA,
overall impression for the examiner was that this was a gen-
eral finding. Furthermore, we were able to identify focal fas-
cicular swelling on nerve longitudinal sections, which in our
opinion was an expression of focal fascicular inflammation
(Fig. 4). The fascicle CSA values obtained with the UHF
probe are lower than those reported by Grimm et al. [15]
for inflammatory neuropathies, who performed the exami-
nations with a HF probe. This is probably related to the fact
that the UHFUS allows for a more detailed analysis of nerve
fascicles, thus providing data more consistent with those
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ol Bl = probably the sum of several indistinguishable fascicles [22].
< - g Therefore, we propose that even though our fascicle CSA
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Table 4 Mean fascicle number MN-FOREARM MN-ARM UN-FOREARM UN-ARM
R* L R* L R* L R* L*
HFUS  84[3.6] 54[28] 44[14] 44[14] 4526 39[L.1] 42[1] 4[1.2]
UHFUS 20.4[7.2] 224[104] 12.1[43] 108[47] 139[73] 11.5[1.9] 9.9[2.8] 9.5[2.4]

Numbers in brackets represent standard deviation

HFUS high-frequency ultra sound, UHFUS ultrahigh-frequency ultra sound, MN median nerve, UN ulnar

nerve, R right, L left

*Statistical significance (p <0.01) between number values obtained with the two probes at the same site

wie-NW - wJiealol-NI

wie-Nn - Wiealol-NN

Fig. 1 Fascicle number evaluation on nerve cross sections at UHF probe evaluation, with distal-proximal gradient. Images on the right side have

the fascicles highlighted. MN median nerve, UN ulnar nerve

increased hyperechogenicity of the interstitial tissue or to
the better identification of additional hypoechoic fascicles
with the UHF probe. If the hypoechoic aspect is proved to
be a consequence of inflammation, this may aid in the thera-
peutic decision-making, even possibly supporting the use of
combined therapies or second-line treatments.

Finally, the UHFUS also appears to be a valuable tool
for visualizing peri- and endoneural vascularization. Vari-
ous studies, performed with the HF probe, have already
described the identification of the nerve vascularization in
relation to nerve inflammation [28]. We were able to identify
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the vasa nervorum using a standard, non-contrast-enhanced,
Doppler technique in 5 of the 11 patients and only with the
UHEF probe. All five patients had been receiving treatment
for a short period of time (less than 3 months) at the time of
US evaluation. Taking into account that the remaining six
patients had been receiving treatment for longer periods of
time, this could imply that the immunomodulatory treatment
leads to a reduction in inflammation. It would be interesting
to verify this hypothesis by studying the nerve vasculari-
zation in inflammatory neuropathy patients at the time of
diagnosis and as a follow-up investigation at preset intervals
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WIe-NN WIBaIoFNN Wie-NW  Wieslol-NIN

Fig.3 Nerve vascularization. Image on the left shows the nerve in longitudinal section; image on the right shows nerve in transverse section;

vasa nervorum highlighted by arrow

Fig.4 Focal fascicle enlargement in nerve transversal section

of time to assess response to therapy, as it has recently been
shown that other parameters such as changes in echogenic-
ity detected by HF probe are not useful for the follow-up of
CIDP because they lack sensitivity in detecting significant
changes in the internal structure of the nerve, unless they
are performed over a period of 10-20 years [22]. Contrast
enhancement could increase the procedure sensibility. It
would also be of use to conduct a trial to validate vascu-
larization examination as a biomarker for CIDP relapse in
relapsing forms of the disease.

From a technical point of view, the HF probe allowed
for an assessment of the nerve from the wrist up to the
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axilla, for both the MN and the UN. On the other hand,
using the UHF probe, we were unable to examine the MN
in the proximal thirds of the forearm and arm; for the UN,
the examination was not possible in the proximal half of
the forearm and arm. This is due to the difference in fre-
quency range between the two transducers.

This study presents several limitations. With regard to
the studied population, we acknowledge that the limited
number of CIDP patients, their clinical heterogeneity,
their rather advanced age and the fact that they had all
been receiving treatment with intravenous immunoglobu-
lins may limit the possibility to draw general conclusions
regarding the ultrasonographic changes in this population.
Furthermore, the lack of a control group raises the neces-
sity of conducting a comparative study to strengthen our
findings.

Because of the characteristics of the UHF probe, and
mainly due to its lower tissue penetration, even though the
values we obtained for nerve and fascicle CSA approach
those reported in anatomical studies, it is necessary to
conduct further studies to standardize reference values.
While our examination protocol somewhat differed from
the ones used in the studies cited for reference values, we
feel that the approximations regarding measurement sites
do not significantly influence the results, especially when
referring to fascicle CSA values. However, we believe that
having used more proximal sites than those in the referred
literature permitted us to exclude possible nerve altera-
tions secondary to compression at anatomical entrapment
points, which would have influenced mainly nerve CSA
values.

Conclusions

UHEF ultrasound provides detailed information on the inter-
nal structure of the nerve. Internal morphology, including
fascicle size and count, echogenicity and epineural/endoneu-
ral vascularization are better visualized with this probe,
compared to the traditional HF probe. However, the draw-
backs of the 30-70 MHz probe are the lack of availability
and the limited capacity to explore deep structures, thus not
allowing for proximal nerve segment examination. Even if
the UHF probe will probably not replace the HF one as a
tool in the daily clinical practice, it could provide additional
information, with respect primarily to nerve vascularization
as a possible marker for inflammation. The better characteri-
zation of the examined parameters opens up new avenues
for further research in the understanding of CIDP physiopa-
thology, disease staging and therapeutic strategy selection.
Further longitudinal studies on larger CIDP patient cohorts
are needed to confirm these findings.
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