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Abstract

Introduction. Similar asymmetric patterns of motor disorders and neurophysiological changes complicate the differential diagnosis between mul-
tifocal motor neuropathy (MMN) and multifocal acquired demyelinating sensory and motor neuropathy (MADSAM) as two chronic dysimmune
neuropathies with significantly different treatment approaches. The lack of specific paraclinical markers often result in misdiagnosis and selection of
ineffective specific therapy. Identification of specific neuroimaging biomarkers to differentiate these conditions may improve diagnostic approaches.
Objective: To identify neuroimaging markers for the differential diagnosis between MMN and MADSAM.

Materials and methods. The study included 65 participants, particularly 30 individuals with MMN and 35 individuals with MADSAM followed up
in the Center of Peripheral Nervous System Diseases, Research Center of Neurology, Moscow, Russia. We retrospectively analyzed their clinical and
epidemiological characteristics as well as ultrasonography and magnetic resonance imaging (MRI) findings.

Results. Ultrasonography was performed on the peripheral nerves of the upper extremities, the spinal nerves, and the brachial plexus. The results
showed that participants with MADSAM had significantly greater cross-sectional areas (CSAs) and a higher incidence of intraneural ultrasono-
graphic abnormalities compared to participants with MMN. CSA thresholds of the median nerves were identified using ROC analysis to differentiate
between MMN and MADSAM. MRI scans of the brachial plexus revealed no abnormalities in 41.4% of the individuals with MMN and 27.3% of the
individuals with MADSAM. Meanwhile, STIR hyperintense signal from the brachial plexus was most typical (> 70%) for the MADSAM group.
Conclusions. This was the first detailed comparative analysis of neuroimaging findings in a large sample of patients with either MMN or MADSAM
in Russia. Ultrasonographic markers for differential diagnosis have been determined. The advantages and limitations of ultrasonography and MRI
of the brachial plexus and the spinal and peripheral nerves in diagnosing multifocal chronic dysimmune neuropathies have been demonstrated.
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BOCIIA/IMTE/IbHON JAeMUeTNHU3UPYIOLIei
[OJIMHeNponaTuu

T.A. Tymunosuy, B.B. Cunbkosa, [I.A. I'pumuna, HA. Cynosesa,
C.H. Mopososa, M.B. Kporenkosa, A.B. Mancyposa, A.0. Yeuétkun
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AnHoTarug

Beedenue. OduHakosblli acummempuuHsiii nammepH 08uzamenbHblX HapyuleHull U OOHOHANPasieHHvle Helipogusuonoeuteckue U3MeHeHuSs,
peeucmpupyemble npu mynsmudokansholi momopHoti Hetiponamuu (MMH) u mynemucoxansHom eapuaHme XpoHuUueckoli 60cnanumesbHoll
demuenunuaupyroweli nonuneiiponamuu (MXBZIT), yenoxnsiom npogederue dughgpepeHyuansrozo 0uazo3a mexdy amumu 08yms XpoHUYeckUMU
OU3UMMYHHbIMU Hellponamusmu, mepanesmuteckas maKmuxa Komopblx cyujecmeerHo pasnuuaemcs. Omcymemeue omaudumensHsix cneyueu-
ueckux NapakIUHU4eCKUX Mapkepoe 3auacmyio npusooum k owUb0UHOMY CyxdeHulo 0 duazHose U 8b00py HeadekmusHoLl namozeHemuueckol
mepanuu. AKmyanen npuyesibHblil NOUCK 6HymMpuU2pynnoeblx HEelpoeU3yanu3ayUoHHbIX pasnutul.

Llenw uccnedosanus: onpedenums Hetipogusyanusayuorrsie dudpeperyuansio-duaziocmuueckue mapkepsl npu MMH u mXB/IL

Mamepuanst u memodst. B uccnedosarue Oviiu skioueHst 65 nayuenmos: 30 — ¢ duazhozom MMH u 35 — ¢ duaerozom mXBJIT, abmiodarouu-
ecs 6 Llenmpe 3a6onesanuil nepucpepuueckoti HepaHoli cucmemst QIBHY «Hayunbii yenmp Hegponozuu. [Ipogeders: pempocnekmusHbiil aHAU3
KJIUHUKO-9NUOeMUOIO2UHECKUX XAPAKMeEPUCTIUK NAYUEHMO8, COHOZpaghueckoe u MazHumHo-pesokancroe (MPT) o6cnedoganus.

Pesynomamet. Y nayuernmos ¢ mXB/III no cpasteruto ¢ MMH npu V3U dnunHbix nepucbepuueckux Hepsos pyk, CNUHHOMO3208bLX Hepe08 U Cmeo-
7108 NJieuesblx CnemeHul ommeueHbl 3HAUUMO 00TbuILe BeTUHUHb! NIOWAOU NONEPEUHO20 CeyeHUS U YaCmOma pecucmpayul UKMpPaHe8PAbHbIX
coHozpaghuueckux usmeneruti. C nomowspio ROC-ananusa onpedenieHs n0po206ble eUUHb! NI0WAOU NONEPEUHO20 CeueHus CpedUuHHO20 Heped,
3Hauumble 0ns ducpgepenyuansoti duaznocmuxu MMH u mXB/II B 41,4% cnyuaes y nayuenmos ¢ MMH MPT-kapmuna uccnedosaHus nneuesbix
cnemenuti Obina conocmasuma ¢ Hopmotl, npu MXBJIT namonoeuueckue usmeneHus He gvisenesi 8 27,3% cayuaes. ITpu smom Hanuuue STIR-
2UNepUHMEHCUBHO20 CUZHAIA OIM NJiedeblx CrlemeHuLl Haubosee xapakmepHo oz nayuernmos ¢ MXB/IIT u ecmpeuanocs 6onee uems 70% cryuacs.
3axmouenue. B xode Hacmoswge2o uccedosanus enepsvie 8 Poccuu Ha GombuoLl 8bI60pKe NALEHMO8 NPO8edEH emabHbili CPABHUMEIbHbIL
aHanu3 OaHHbIX Heliposu3yanu3ayuoHHslx memodos uccnedosarus y nayuenmos ¢ MMH u mXB/IT; onpedenensl coHozpacpuueckue dughepen-
YuansHo-ouazHocmuyeckue Mapkepsl, NOKA3aHb! NPeuMyujecmsa U 02panuyeHus ynompaseykosozo u MPT-uccnedosanuii nieuesbix cniemeHu,
CNUHOMO3208b1X U nepughepuueckux Hepsos 6 OuazHocmuke MybmupoKaIbHbLx XpOHUHeCKUX OUBUMMYHHbLX Hetiponamull.

Knioueevie cnoea: mynbmugokanshas MOmMopHas Heliponamus; MynbMuU@OKATbHbII 6apUAHM XPOHUHECKOU 8ocnanumenbHol
demuenuHu3upyoujeli nonuHetiponamuu; ysmpaseykoeoe ucciedosaHue nepugheputeckux Hepeos; MazHUMHO-Pe30HAHCHAS MOMO-
epagus nnevesvix cniemenull; OU3UMMYHHble Heliponamuu

druueckoe yTBepkeHue. VccnenoBanye MpoBOAKIOCH MPU A06POBOIBHOM HH(GOPMUPOBAaHHOM COITIACHM MaljueHToB. [Ipo-
TOKOJI CC/Ie0BaHust 0f00peH DTryeckum KomuTeTom Hayuworo nentpa Hesponoruu (mportokon N 10-4/21 ot 17.11.2021).

HcTouHuk (l)I/IHaHCI/IPOBaHI/IH. ABTOpr 3a4BJAI0T 00 OTCYTCTBHUM BHEIIHWX UCTOYHUKOB Cl)I/IHaHCI/IpOBaHI/IH [Ipu NIpoOBEJEHNN
HCCJ/IeJOBAHHA.

Koudnukr untepecoB. ABTOpbI AEKIApUPYIOT OTCYTCTBHE SBHBIX U TMOTEHIMANbHBIX KOH(IMKTOB HHTEPECOB, CBSI3aHHbBIX
c ny6m/1}<au1/1eﬁ HACTOSILEH CTAThU.
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Introduction

Similar asymmetric patterns of motor disorders and neuro-
physiological changes complicate the differential diagnosis
between multifocal motor neuropathy (MMN) and multifo-
cal acquired demyelinating sensory and motor neuropathy
(MADSAM) as two chronic dysimmune neuropathies (CDNs)
with significantly different treatment approaches [1, 2]. De-
spite continuous improvement of the chronic inflammatory
demyelinating polyneuropathy (CIDP) and MMN diagnostic
criteria, the lack of specific paraclinical markers result in mis-
diagnosis and selection of ineffective specific therapy [1-3].

The significance of neuroimaging, namely ultrasonography
(USG) and magnetic resonance imaging (MRI) of peripheral
nerves and brachial plexus (BP), for CIDP diagnosis has been
demonstrated [4-6]. However, possible use of the methods
for differential diagnosis between MMN and MADSAM and
their interchangeability are still being discussed.

Objective: To identify neuroimaging markers for the differen-
tial diagnosis between MMN and MADSAM.

Materials and methods

The study included individuals with MMN (n = 30) and with
MADSAM (n = 35), followed up in the Center of Peripheral
Nervous System Diseases, Research Center of Neurology,
Moscow, Russia.

Inclusion criteria:

* age > 18 years;

o CIDP diagnosed according to the European Academy of
Neurology/Peripheral Nerve Society (EAN/PNS) 2021 di-
agnostic criteria;

* MMN diagnosed according to EFNS/PNS 2010 diagnostic
criteria;

¢ signed informed consent to participate in the study.

Exclusion criteria:

o age < 18 years;

* the diagnosis did not comply with MMN or CIDP diagnos-
tic criteria;

 contraindications for USG and MRI;

¢ decompensated severe medical conditions;

* patient refused to provide an informed consent.

We retrospectively analyzed clinical and epidemiological
characteristics of the participants (sex, age at onset and en-
rollment, disease duration, and onset-to-treatment duration).

USG was performed in B mode with 4-18 MHz frequency
on PhilipsElite scanner with a linear probe. We assessed
long peripheral nerves of the upper extremities (median, ul-
nar, and radial nerves) at 23 points bilaterally and BPs in
7 areas bilaterally. At each point, we measured the nerve

cross-sectional area (CSA) either elliptically or, in irregular
cross section, manually along the internal hyperechoic nerve
border. We considered CSA parameters published by A. Ker-
asnoudis et al. [7] and A. Grimm et al. [8]. At each point, we
also evaluated intraneural abnormalities classified according
to L. Padua et al. [9].

MRI scan was performed under the standard protocol with 3T
induction by Magnetom Siemens Prisma. We used high-reso-
lution STIR 3D sequence to measure slice thickness and sig-
nal intensity (TR = 3000 msec, TE = 281 msec, TI = 230 msec,
reconstructed voxel size 0.4 x 0.4 x 0.9 mm, FOV = 350 mm,
number of slices 144, scan time 7 min 27 sec). In each par-
ticipant, we measured thickness of C4-C7 (N5-N7) anterior
branches equidistantly from the ganglia on both sides and at
maximum and used the highest result for statistical analysis.
We also assessed BP MR signal intensity qualitatively at
the entire visible level. MRI assessment was based on
EAN/PNS guidelines (2021), with threshold coronary thick-
ness of 5 mm. This paper presents an assessment of this
parameter (thickened or not) based on the generally accepted
reference. In addition, we performed a qualitative assessment
of MRI signal intensity (hyperintense/not hyperintense) from
BPs, based on the clinical radiologist's experience, without
using quantitative methods.

Statistical analysis was performed using SPSS Statistics
23.0 (IBM). We used paired tests for all comparisons. Distribu-
tion of quantitative data was estimated using frequency histo-
gram analysis. Quantitative variables were described using me-
dians (Me), quartiles [Q1; Q3], means, and standard deviations
(in Gaussian distribution), while categorical variables were
described using frequencies and percentages.

We used independent samples t-test to compare two inde-
pendent data groups by quantitative variables in Gaussian
distribution and Mann-Whitney U test to compare them in
non-Gaussian distribution. We used Pearson's * test to com-
pare two independent data groups by categorical variables
and Fisher's exact test under constraints. We performed ROC
analysis to assess the possible use of median nerve CSA as
a diagnostic marker. We determined optimal thresholds with
the Youden's index calculated as sensitivity and specificity
sum minus 1.

Results

The study included 65 participants, particularly 30 indi-
viduals, of them 12 (40%) women and 18 (60%) men aged
34-68 (Me = 49.0 [41.0, 56.0]), with MMN (Group 1) and
35 individuals, of them 9 (25.7%) women and 26 (74.3%)
men aged 25-78 (Me = 52.0 [40.0, 61.0]), with MADSAM
(Group 2) (Table 1). No gender or age differences was docu-
mented. The disease duration was significantly higher in
the MMN population than in the MADSAM population
(p = 0.001). Both groups included pre-treated and treat-
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Table 1. Epidemiological, clinical and medical history data of patients included in the study

Characteristic

Patients with MMN  Patients with MADSAM p

Number of participants 30 35 -
male. n (%) 18 (60.0%) 26 (74.3%)
Sex 0.290
female. n (%) 12 (40.0%) 9 (25.7%)
M+ SD 49.7 +10.1 51.5+12.4
Enrollment age. years 0.519
Me [Q,; Q,] 49.0 [41.0; 56.0] 52.0 [40.0; 61.0]
Disease duration. years Me [Q,; Q,] 10.0 [7.0; 13.0] 6.0 [4.0; 8.0] 0.001

ment-naive patients. The MMN group included 24 (80%)
pre-treated individuals and 6 (20%) treatment-naive patients,
while the MADSAM group included 20 (57%) pre-treated
individuals and 15 (43%) treatment-naive patients.

Comparative evaluation of USG findings on the long peripheral
nerves of the upper extremities in patients with MMN and
MADSAM

Comparative evaluation of USG findings at 23 points on each
side of the long peripheral nerves of the upper extremities
revealed intergroup differences in 34 (73.9%) of 46 possible
points with a threshold significance < 0.05. Therefore, the
significance threshold was elevated to 0.005, which enabled
us to decrease the number of the points with statistically sig-
nificant intergroup differences to 12 (26%) (Table 2).

Compared to the patients with MMN, the mean unilateral
CSA of the median nerve in the patients with MADSAM was
significantly higher at the antecubital fossa, the lower and
upper brachium thirds, and bilaterally in the axillary area
(p < 0.005). Ulnar nerve imaging demonstrated similar chang-
es at the upper antebrachium third, the brachium, and in the
axillary area unilaterally (p < 0.005), while radial nerve imag-
ing showed them at the middle and upper brachium thirds
unilaterally (p < 0.005; Table 2).

Considering that intergroup difference was most often found

in the median nerve at various levels, we performed ROC

analysis to evaluate the possible use of the median nerve

CSA for differential diagnosis between MMN and MADSAM.

We took the models with area under the ROC curve (AUC)

> 0.700 into account. The CSA thresholds of the median

nerve, assessed unilaterally and significant for the differential

diagnosis between MMN and MADSAM, in favor of the latter,

were the following:

¢ > 8.10 mm? at the lower antebrachium third (AUC = 0.741,
sensitivity 74%, specificity 73%; Fig. 1, A);

* > 725 mm? at the upper antebrachium third (AUC = 0.766,
sensitivity 71%, specificity 70%; Fig. 1, B);

* > 9.9 mm? at the antecubital fossa (AUC = 0.731, sensitivity
63%, specificity 73%; Fig. 1, C);

e > 11.65 mm? at the lower brachium third (AUC = 0.712,

sensitivity 71%, specificity 70%; Fig. 1, D);

* > 1255 mm? at the upper brachium third (AUC = 0.707,
sensitivity 71%, specificity 77%; Fig. 1, E);

* > 12.6 mm? in the axillary area (AUC = 0.760, sensitivity
71%, specificity 70%; Fig. 1, F);

USG changes were asymmetric in both groups as expected
with the pathophysiology and the clinical characteristics of
the studied CDNs.

Comparative evaluation of the USG patterns of intraneural
changes in the assessed arm points based on L. Padua’s clas-
sification demonstrated that the above changes were signifi-
cantly more often revealed in the patients with MADSAM
though only in isolated MMN cases. So, in the MADSAM pa-
tients, class 1/2 intraneural changes (enlarged CSAs, enlarged
single fascicules) were significantly more often revealed on
the medial nerves at the antecubital fossa (p = 0.003), at the
lower brachium third (p = 0.012), and in the axillary area
(p = 0.019); on the ulnar nerves in the lower (right: p = 0.013;
left: p = 0.007) and middle (p = 0.008) brachium third and in
the axillary area (p = 0.003); and on the radial nerves in the
middle (p = 0.013) and upper (p = 0.017) brachium thirds.

Thus, USG of the long peripheral nerves of the upper ex-
tremities showed a significantly larger CSA and a higher
incidence of documented intraneural USG abnormalities in
the patients with MADSAM than in the MMN patients. We
determined significant thresholds of the median nerve CSA
at various levels for differential diagnosis between MMN and
MADSAM.

Comparative evaluation of USG findings of the spinal nerves
and the BPs in patients with MMN and MADSAM

USG detected enlarged diameters of the spinal nerves and
BP trunks in 26 (87%) patients with MMN and 32 (94%) pa-
tients with MADSAM, including unilateral ones in 6 (23%)
of 26 patients with MMN and 3 (9%) of 32 patients with
MADSAM (Fig. 2).

As compared to the patients with MMN, the mean unilat-
eral diameters of the spinal nerves and CSAs of the BP

Annals of clinical and experimental neurology. 2024; 18(1). DOI: https://doi.org/10.54101/ACEN.2024.1.3 23



OPUTWUHAITBHBIE CTATBI. KnuHnyeckas HeBponorus
HelipoB13yanu3aumnoHHble MapKepbl HedponaTuu

Table 2. Comparative evaluation of USG findings on the long peripheral nerves of the upper extremities in patients with
MMN and MADSAM, mm? (Me [Q;; Q,])

Nerve and assessment level Reference CSAs Side Patients with MMN  Patients with MADSAM p
<10 Right 8.35[7.50;9.70] 8.90 [7.30; 11.30] 0.598
radiocarpal joint
<10 Left 8.45 [7.50; 9.90] 9.30 [7.90; 10.30] 0.298
antebrachium lower third <10 Right 7.4516.30; 8.70] 8.60 [7.00; 10.10] 0.120
antebrachium lower third <10 Left 6.60 [5.80; 8.50] 9.30 [7.80; 11.10] 0.001
antebrachium middle third <10 Right 6.75[6.00; 8.20] 7.70[6.70; 10.70] 0.011
antebrachium middle third <10 Left 7.45[6.30; 8.80] 8.90 [7.10; 12.40] 0.036
antebrachium upper third <10 Right 6.35[5.20; 7.40] 8.70 [6.70; 13.20] <0.001
antebrachium upper third <10 Left 7.50 [6.10; 9.20] 9.10 [6.70; 12.20] 0.039
E: <125 Right 8.30[7.10; 10.70] 11.00 [8.10; 13.30] 0.006
g antecubital fossa
g <125 Left 8.10 [6.90; 10.10] 12.20 [7.90; 16.60] 0.001
brachium lower third <12 Right 11.00 [9.00; 15.20] 13.70 [9.80; 20.00] 0.040
" brachium lower third <12 Left 10.75 [8.60; 12.30] 14.30 [11.30; 23.00] 0.003
e
2 brachium middle third <12 Right 12.50 [9.10; 15.20] 14.30 [10.10; 20.30] 0.069
=
é_ brachium middle third <12 Left 10.70 [8.70; 12.80] 13.80 [9.80; 20.10] 0.006
a
brachium upper third <12 Right 11.10 [9.80; 12.40] 14.70 [12.10; 20.40] 0.004
brachium upper third <12 Left 10.55 [9.70; 12.60] 13.70 [8.70; 19.80] 0.035
<12 Right 12.05 [10.20; 15.30] 17.10 [12.30; 26.70] 0.004
axillary fossa
<12 Left 10.30 [9.10; 13.10] 16.60 [11.10; 22.20] <0.001
<6 Right 5.35[4.30; 6.60] 5.40 [4.60; 6.70] 0.693
radiocarpal joint
<6 Left 5.30 [4.20; 6.30] 6.10 [5.20; 6.90] 0.053
antebrachium lower third <85 Right 6.10 [4.70; 6.90] 6.60 [4.90; 7.60] 0.241
% antebrachium lower third <85 Left 5.40 [4.70; 6.60] 6.60 [5.30; 8.90] 0.015
% antebrachium middle third <85 Right 6.30 [5.30; 7.50] 7.60 [5.50; 9.00] 0.047
antebrachium middle third <85 Left 6.00 [5.10; 6.70] 6.90 [5.30; 10.70] 0.033
antebrachium upper third <85 Right 6.00 [5.20; 8.30] 7.10 [5.80; 8.70] 0.107
antebrachium upper third <85 Left 5.90 [5.10; 7.00] 7.50 [6.30; 10.00] 0.001
24 AHHarbl KITMHUYECKOM U aKcriepuMeHTasbHov Hesposiorumn. 2024. T. 18, Ne 1. DOI: https://doi.org/10.54101/ACEN.2024.1.3
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Nerve and assessment level Reference CSAs

<10
antecubital fossa
<10
brachium lower third <95
brachium lower third <95
£  brachium middle third <95
==
£ brachium  middle third <95
brachium upper third <95
brachium upper third <95
<95
[72]
= axillary fossa
2 <95
s
2
=
S antecubital fossa
brachium lower third <3
brachium lower third <3
2
’g brachium middle third <3
=
5 brachium middle third <3
brachium upper third <3
brachium upper third <3

axillary fossa

trunks were statistically significantly larger in the MAD-
SAM population (Table 3). USG revealed significant differ-
ences of the mean CSAs at the middle and lower BP trunks
unilaterally and in the cross-scanned supraclavicular fossa
(p <0.01).

Thus, USG of the spinal nerves and the BP trunks revealed
significantly larger diameters and CSAs respectively in the
patients with MADSAM than in those with MMN.

Comparative evaluation of BP MRI findings in the patients
with MMN and MADSAM

Neuropathy neuroimaging markers

End of the Table 2.

Side Patients with MMN  Patients with MADSAM p

Right 8.15 [6.70; 11.00] 9.30 [7.10; 10.40] 0.608
Left 8.35 [6.20; 9.50] 9.80 [6.80; 12.00] 0.016
Right 7.65 [6.50; 9.30] 9.90 [6.80; 15.20] 0.024
Left 7.40 [5.80; 9.60] 8.70 [7.10; 13.00] 0.017
Right 8.40 [6.70; 9.20] 10.70 [7.30; 14.40] 0.045
Left 8.40 [6.30; 10.60] 9.90 [6.80; 13.30] 0.100
Right 7.60 [6.30; 9.80] 10.90 [7.70; 15.60] 0.003
Left 8.10 [7.00; 9.10] 10.10 [7.80; 13.70] 0.007
Right 7.75[6.40;11.00]  11.60 [7.90; 17.90] 0.002
Left 8.55 [6.60; 9.80] 10.80 [8.10; 17.20] 0.008
Right 6.70 [5.00; 7.80] 8.60 [5.70; 10.10] 0.010
Left 8.10 [6.00; 11.40] 9.70 [7.40; 12.00] 0.041
Right 6.80 [5.40; 8.40] 8.30 [5.70; 9.20] 0.111
Left 7.30 [5.60; 8.40] 8.10 [6.30; 11.20] 0.067
Right 6.30 [5.00; 8.10] 7.70 [5.50; 10.50] 0.039
Left 6.00 [5.30; 7.40] 8.60 [6.30; 11.00] 0.002
Right 7.85[6.10; 9.90] 9.40 [7.90; 14.20] 0.004
Left 7.70 [6.40; 8.90] 9.60 [7.10; 13.30] 0.044
Right 7.80[6.70;10.70]  10.80 [7.00; 16.10] 0.031
Left 7.75 [6.70; 10.30] 9.60 [8.20; 15.30] 0.006

BP MRI was conducted in 29 patients with MMN and 33 pa-
tients with MADSAM. The most common reason for refusal
was claustrophobia (i.e. a fear of confined spaces). BP MRI
findings were apparently normal in 41.4% of the patients with
MMN and no changes were found in 27.3% of the patients
with MADSAM (Table 4). Enlarged BP trunks were detected
with the same frequency in both groups (p > 0.05). Docu-
mented in 70% of the cases, STIR hyperintense BP signal was
more typical for the patients with MADSAM.

Qualitative evaluation showed several changed BP trunk pat-
terns in the assessed sample:
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Fig. 1. ROC analysis of the significance of the median nerve CSA at various levels for the differential diagnosis between MMN and MADSAM.
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Fig. 2. USG of BP trunks in a patient with MADSAM (8-year fol-
low-up history, pre-therapy assessment).

In the cross section, three primary trunks are seen in the scalene
part, with enlarged upper (< 33.6 mm? A), middle (< 68.9 mm? B),
and lower (< 94.8 mm? C) primary trunks (reference < 8§ mm?).

* significant symmetric bilateral diffuse BP thickening in
10 (34.5%) patients with MMN and 17 (51.5%) patients with
MADSAM (Fig. 3);

 asymmetric diffuse BP thickening in 3 (10.3%) patients
with MMN and 2 (6%) patients with MADSAM (Fig. 4);

¢ local BP thickening in 4 (13.8%) patients with MMN and
5 (15.2%) patients with MADSAM (Fig. 5);

Neuropathy neuroimaging markers

o isolated hyperintense STIR MRI signal without enlarged
BP trunks in 5 (17.2%) patients with MMN and 6 (18.2%)
patients with MADSAM (Fig. 6)

Therefore, qualitative evaluation of the BP MRI findings
demonstrated rather uniform changes that did not differenti-
ate reliably between MADSAM and MMN.

Discussion

N. Taniguchi et al. were first to describe a CIDP USG pattern
[10]. Routine thyroid USG found thickened peripheral nerves
and BP proximal parts in a patient with a 3-year follow-up
CIDP history [10]. Being widely available and non-invasive,
peripheral nerve USG was then further investigated in a co-
hort of patients with polyneuropathies of various origin.

First studies were conducted in limited samples. In 2004,
N. Matsuoka et al. assessed 13 patients with CIDP and doc-
umented enlarged cervical nerves in 69% cases [11]. In 2009,
C. Zaidman et al. assessed 36 patients with CIDP, found over
2-fold diffusely enlarged median and ulnar nerves as com-
pared to controls, and discovered direct correlation between
the USG pattern and disease duration, with inverse correla-

Table 3. Comparative evaluation of USG findings of the spinal nerves and the BPs in patients with MMN and MADSAM,

Me [Q;; Q]

Assessed level Side
Spinal nerves. mm C5 Right
Spinal nerves. mm C5 Left
Spinal nerves. mm C6 Right
Spinal nerves. mm C6 Left
Spinal nerves. mm C7 Right
Spinal nerves. mm C7 Left

BP trunk CSA. mm? upper trunk (n < 8) Right

BP trunk CSA. mm? upper trunk (n < 8) Left

BP trunk CSA. mm? middle trunk (n < 8) Right

BP trunk CSA. mm? middle trunk (n < 8) Left

BP trunk CSA. mm? lower trunk (n < 8) Right

BP trunk CSA. mm? lower trunk (n < 8) Left
Supraclavicular fossa CSA. mm? Right
Supraclavicular fossa CSA. mm? Left
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Patients with MMN Patients with MADSAM p
8.15 [7.50; 9.40] 9.30 [8.20; 14.80] 0.022
8.65 [7.30; 11.20] 10.20 [7.00; 16.70] 0.171
11.40 [9.00; 17.70] 14.70 [10.00; 20.50] 0.134
12.60 [9.50; 14.50] 14.20 [11.90; 26.60] 0.023
10.75 [9.40; 16.40] 13.50 [10.90; 19.80] 0.040
13.20 [9.60; 15.70] 15.60 [12.00; 27.20] 0.039
7.80[6.20; 11.10] 9.80 [7.10; 15.60] 0.124
7.15 [5.40; 11.60] 11.00 [6.90; 21.30] 0.069
12.10 [9.30; 15.70] 16.50 [11.20; 26.10] 0.040
10.25 [8.40; 15.90] 16.70 [11.70; 29.10] 0.009
12.05 [9.10; 14.70] 15.40 [10.10; 20.80] 0.095
13.25 [9.90; 15.30] 17.50 [11.70; 26.50] 0.004
66.15 [58.80; 98.00] 83.50 [66.20; 115.00] 0.024
70.35 [54.90; 90.60] 101.0 [74.60; 125.00] 0.002
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Table 4. Comparative evaluation of BP and spinal nerve MRI changes in the patients with MMN and MADSAM, n (%)

Characteristic

Enlarged BP trunks upper trunk
Enlarged BP trunks upper trunk
Enlarged BP trunks middle trunk
Enlarged BP trunks middle trunk
Enlarged BP trunks lower trunk
Enlarged BP trunks lower trunk

STIR hyperintense BP signal (total)
STIR hyperintense BP signal (total)

STIR hyperintense BP signal without enlarged BP trunks

No changes

Fig. 3. MRI of BPs in a MMN patient (13-year follow-up history;
assessed on maintenance therapy: intravenous immunoglobulin
1 g/kg every 4 weeks).

The coronal STIR MRI showed significant (< 8 mm) bilateral uniform
symmetric BP thickening, with hyperintense signal.

tion between assessed peripheral nerve CSA and motor fi-
ber conduction velocity [12]. Several studies were limited as
small case series with an idea to establish correlation be-
tween enlarged peripheral nerve CSA on one hand and CIDP
and MMN symptom severity, electroneuromyographical con-
duction blocks, and response to specific therapy on the other
hand [13-18]. There were no reliable evidence that USG and
electoneuromyography abnormalities correlate with neuro-
logical deficit distribution and severity [19, 20]. A number of
studies showed that the peripheral nerve CSA is smaller in
relapsing disease than in progressive disease [16]. Besides,
the patients with peripheral nerve CSAs that exceed refer-
ence values and with hypoechoic USG signal tended to be
better responders to specific treatment than those without
any enlarged CSA and with hyperintense USG signal [9, 21].

Side Patients with MMN  Patients with MADSAM p

Right 9 (31.0%) 16 (48.5%) 0.200
Left 8 (27.6%) 17 (51.5%) 0.072
Right 13 (44.8%) 20 (60.6%) 0.308
Left 13 (44.8%) 20 (60.6%) 0.308
Right 13 (44.8%) 18 (54.5%) 0.611
Left 12 (41.4%) 17 (51.5%) 0.456
Right 16 (55.2%) 24 (72.7%) 0.188
Left 14 (48.3%) 27 (81.8%) 0.007

- 5 (17.2%) 6 (18.2%) 1.000

- 12 (41.4%) 9 (27.3%) 0.289

L. Padua et al. established enlarged CSAs and described
three patterns of intraneural USG abnormalities in patients
with CIDP: the thickened nerve with hypoechoic fascicules
(Class 1); the thickened nerve with hypo- and hyperechoic
fascicules (Class 2); the normal nerve CSA with the hypere-
choic signal (Class 3) [9].

Further research was aimed at developing USG protocols for
differential diagnosis between polyneuropathies of various
origin with disease follow-up [17, 22-25]. Particularly, the
S. Goedee et al., showed that the median nerve CSA en-
larged at the antebrachium > 13 mm? and at the brachi-
um > 10 mm? as well the enlarged CSA of any BP bundle
> 8 mm? is 99% specific for CIDP diagnosis [4].

Additionally, D.S. Druzhinin et al. obtained noteworthy find-
ings by peripheral nerve USG in patients with MMN (n = 13)
and CIDP (n = 7) [26]. They showed that similarly enlarged
BP and peripheral nerve CSAs were detected in both CIDPs,
while asymmetric USG changes were more typical for pa-
tients with MMN and symmetric and diffuse changes were
seen in those with CIDP.

In 2021, as a result of 20-year retrospective analysis of accu-
mulated data, EAN and PNS recognized peripheral nerve USG
as a significant supportive modality of CIDP diagnosis [1]. The
MMN criteria have not included USG yet [2].

MR neuroimaging traces back to the early 1990s. First publi-
cations were focused on the MRI of the cauda equina [27-29].
In 1997, the Netherlandic clinicians were first to demonstrate
BP MRI diagnostic performance in patients with DNs [30].

A study published in 1999 included 14 patients with CIDP

28 AHHarbl KITMHUYECKOM U aKcriepuMeHTasbHov Hesposiorumn. 2024. T. 18, Ne 1. DOI: https://doi.org/10.54101/ACEN.2024.1.3



ORIGINAL ARTICLES. Clinical neurology

Fig. 4. MRI of BPs in a MADSAM patient (6-year follow-up histo-
ry; assessed on maintenance therapy: intravenous immunoglobu-
lin 1 g/kg every 12 weeks for 2 years).

The coronal STIR MRI showed right-sided significant (< 12 mm)
diffuse N7 thickening, with hyperintense signal. Hyperintense
MRI signals from other right-sided BP elements were registered
at the entire visible level with unchanged thickness. No changes on
the left side.

Fig. 5. BP MRI in a MMN patient (10-year follow-up history,
pre-therapy assessment).

The coronal STIR MRI showed left-sided local N7 (< 11 mm) prima
trunk thickening, with hyperintense signal. Thickness of other B
elements remained unchanged; however, hyperintense MRI signal
was registered bilaterally.

[31]. Brachial and lumbar plexus MRI showed enlarged BPs in
8 (57%) patients and enlarged lumbar plexus in 6 (43%) pati-
ents. Further, enhanced MRIs revealed signal hyperintensity
in 5 patients with hypertrophic plexus and 1 patient with-
out any signs of hypertrophy for researchers to conclude
contrast agent accumulation directly depended on disease
activity [31].

Currently the use of an intravenous contrast agent in MR
neuroimaging has lost its diagnostic value and might be uti-
lized in few peripheral nerve abnormalities (primary mass-
es, metastases) [32]. Sequences that suppress fat signals
(e.g. STIR) have become methods of choice to assess changed
peripheral nerves. With good signal/noise ratios (SNRs), opti-
mal contrast parameters, and sufficient spatial resolution ob-

Neuropathy neuroimaging markers

Fig. 6. MRI of BPs in a MADSAM patient (6-year follow-up histo-
ry; assessed during 2-year glucocorticosteroid therapy).
Hyﬁerintense STIR MRI signal bilaterally at the entire visible level

without any thickened BP trunks.

tained on modern high-field (> 1.5T) scanners, we can obtain
high-quality selective images of tiny or tortuous structures,
minimize respiration and vasculature/musculature artifacts,
and come closer to BP qualitative description and DN differ-
ential diagnosis [33].

Thus, USG and MRI have been shown to provide accurate
information for the diagnosis of CDN. However, intra-group
neuroimaging differences are still a current target. Thus, the
differential diagnosis between two multifocal CDNs, MMN
and MADSAM, remains a challenging issue.

Unlike D.S. Druzhinin et al. [26], we complicated our task
with comparison of MMN and multifocal (atypical) CIDP,
having increased the number of patients and adding MRI
findings.

We demonstrated that mean nerve CSAs in the MADSAM
group were larger than those in the MMN group. Estab-
lished USG patterns must be based on relevant CDN under-
lying mechanisms including demyelination and, as a con-
sequence, more apparent edema of the peripheral nerves
in the patients with MADSAM and affected though less
edematic nodal and paranodal areas of the nerve trunks
in the patients with MMN.

Like HS. Goedee et al. [4], we found that it is the median
nerve, particularly its proximal part (above the antecubital
fossa), that it is the most diagnostically informative among
three upper-extremity peripheral nerves including the median,
ulnar, and radial nerves. We were first to conduct ROC analysis
and calculate median nerve CSAs in the assessed levels that
can be used for differential diagnosis between the investigated
CDNs. Noteworthily, sensitivity and specificity of the obtained
CSA thresholds varied, depending on the assessed points and
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the side. Therefore, AUC [95% confidence interval] was < 0.7
in the median-nerve CSA ROC model for the antebrachium
and brachium middle thirds. However, these points constitute
the basis of the Ultrasound Pattern Sum Score [22] and the
abbreviated ultrasound protocol [4] widely used for the diag-
nosis of dysimmune neuropathies. Considering these results,
we recommend broadening the scope of assessment with ante-
brachium and brachium lower and upper thirds for MMN and
MADSAM differential diagnosis.

USG typically revealed full-length thickened peripheral
nerves in the patients with MADSAM and mostly asymmetri-
cally changed segments in the patients with MMN, which was
described above [26, 34, 35].

Spinal nerve and BP MRI did not demonstrate any significant
differences between the patients with MMN and MADSAM.
Furthermore, MRI BP qualitative characteristics (thickened or
not; STIR-hyperintense signal or not) have a low diagnostic
value in patients with CDN, especially with non-pronounced
changes. In USG, qualitative analysis is cheaper and enables
us to assess changes quantitatively (as diameters and CSAs)
unlike that in MRI. Therefore, further research should focus
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