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Abstract

Background: Conduction blocks (CB) are the diagnostic hallmark of multifocal motor

neuropathy (MMN). Conventional nerve conduction studies cannot detect CB above

Erb's point. Our purpose was to compare the performance of the motor evoked

potential with triple stimulation technique (MEP-TST) and MRI in the detection of

abnormalities of the brachial plexus.

Methods: Examinations were performed on 26 patients with MMN (11 definite,

6 probable, 9 possible), of whom 7 had no CB.

Results: MEP-TST detected proximal CB in 19/26 patients. Plexus MRI showed T2

hyperintensity in 18/26 patients, with nerve enlargement in 14/18. A combination of

both techniques increased the detection rate of brachial plexus abnormalities to 96%

of patients (25/26).

Conclusions: MEP-TST and MRI have high sensitivities for detecting brachial plexus

abnormalities. A combination of the two techniques increases the detection rate of

supportive criteria for the diagnosis of MMN.

K E YWORD S

brachial plexus, brachial plexus MRI, motor evoked potential, multifocal motor neuropathy

with conduction blocks, proximal conduction block, triple stimulation technique

1 | INTRODUCTION

Multifocal motor neuropathy (MMN) is a chronic immune-mediated

neuropathy.1 Conduction blocks (CB) are the main diagnostic hall-

mark. However, conduction failure is not always detected by

conventional nerve conduction studies,2,3 especially in the presence

of severe axonal loss, proximal CB (PCB) or distal CB. The motor

evoked potential with triple stimulation technique (MEP-TST) can

detect PCBs located between the cervical roots and Erb's point. In

one study,4 the MEP-TST improved the sensitivity of diagnostic

criteria for definite or probable MMN from 60% to 90%, providing

considerable additional diagnostic power in comparison to classical

nerve conduction studies.

Several additional criteria have been established to improve the

diagnostic sensitivity of MMN including response to intravenous

immunoglobulin (IVIg) therapy, positive immunoglobulin M (IgM) anti-

GM1 antibodies, and abnormal MRI of the nerves.1 Brachial plexus

Abbreviations: ALS, amyotrophic lateral sclerosis; CB, conduction blocks; CIDP, chronic

inflammatory demyelinating polyradiculoneuropathy; CMAP, compound muscle action

potential; EFNS/PNS, European Federation of Neurological Societies/Peripheral Nerve

Society; IgM, immunoglobulin M; IVIg, intravenous immunoglobulins; MEP-TST, motor

evoked potential with triple stimulation technique; MMN, multifocal motor neuropathy;

MMN-RODS, Rasch-built Overall Disability Scale for Multifocal motor neuropathy; MRC,

Medical Research Council; ONLS, Overall Neuropathy Limitations Scale; PCB, proximal

conduction block; STIR, short tau inversion recovery.
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MRI scans may show nerve enlargement or an increased signal inten-

sity on T2-weighted imaging. Few studies have focused on the impor-

tance of brachial plexus MRI in the diagnosis of MMN,5-7 and brachial

plexus MRI scans have not been compared with MEP-TST results in

the context of MMN diagnosis.

The purpose of this study was to compare the effectiveness of

the MEP-TST test and brachial plexus MRI in detecting plexus abnor-

malities in patients with MMN with CB.

2 | METHODS

Patients were monitored at the Referral Centre for Neuromuscular Dis-

eases of La Timone Hospital, Marseille, France. Patients with a diagnosis

of MMN according to the 2010 European Federation of Neurological

Societies/Peripheral Nerve Society (EFNS/PNS) criteria,1 who under-

went brachial plexus MRI and MEP-TST tests between November 2017

and November 2018 were included in this retrospective study. Patients

with central nervous systemdiseases or cervical root disorders that could

have influenced MRI or MEP-TST test results were excluded. This study

was approved by the ethics committee of the Assistance Publique des

Hôpitaux de Marseille (2019_151). All patients gave informed consent.

The MRI scans andMEP-TST tests were part of their routine evaluation.

Sex, age, number of affected nerves, number of affected limb regions

(range 0–8), Medical Research Council (MRC) sum-score (range 0–140),3

cerebrospinal fluid protein level, presence and titer of IgM anti-GM1

antibodieswere recorded. Disabilitywas assessed using theOverall Neu-

ropathy Limitations Scale (ONLS)8 and the Rasch-built Overall Disability

Scale for Multifocal Motor Neuropathy (MMN-RODS).9 IVIg treatment

was considered effective ifmuscleweakness improved by at least 1 point

on theMRC sum-score after 3 courses.3,10

Nerve conduction studies were performed on the median, ulnar, tib-

ial, and fibular nerves.3 Radial and musculocutaneous nerves were not

analyzed because their study is not systematic in our department. The

fibular nerve was stimulated at the ankle, fibula head, and popliteal fossa,

recording over the extensor digitorum brevis. The tibial nerve was stimu-

lated at the ankle and popliteal fossa, recording over the abductor hal-

lucis. The median nerve was stimulated at the wrist and elbow, recording

over the abductor pollicis brevis. The ulnar nerve was stimulated at the

wrist, below elbow, and above elbow recording over the abductor digiti

minimi. Stimulation of themedian and ulnar nerves was performed at the

axilla and at Erb's point if no CBwere detected in the forearm. To ensure

that maximum stimulation was applied to the motor nerve at Erb's point,

monopolar stimulation was used when necessary. Definite CB were

defined as reductions of at least 50% of the compound muscle action

potential (CMAP) area of the negative peak on proximal stimulation ver-

sus distal stimulation.1 Due to the difficulty in achieving supramaximal

popliteal fossa stimulation, CB were not assessed in the tibial nerves.

Antidromic sensory nerve action potentials were recorded from the

median, ulnar, and sural nerves.

The MEP-TST tests were performed and recorded as previously

described.11 The median and ulnar nerves were explored bilaterally with

respective recordings on the abductor pollicis brevis and abductor digiti

minimi muscles. Transcranial magnetic stimulation was followed by two

supra-maximal electrical stimuli: one applied to the ulnar and median

nerves at the wrist, and the other to the brachial plexus at Erb's point, at

appropriate intervals. PCB was defined by an amplitude ratio below

90%.4 When PCB were suspected, repositioning, and three trials of the

triple stimulationwere performed to exclude technical artifacts.

Brachial plexus MRI examinations were performed on a PHILIPS

Ingenia 1.5 T Omega® using the following sequences: 3DT1-weighted,

3DT2-weighted short tau inversion recovery (STIR), 3DT1-weighted

with gadolinium enhancement. The plexus was examined bilaterally from

the nerve roots to the axilla. TheMRI images were interpreted by a single

radiologist with 12 years of experience in musculoskeletal imaging who

was not blinded to patient information. An abnormal MRI was defined

either by nerve enlargement or T2 hyperintensity of the brachial plexus.5

Statistical analyses were performed using SPSS® (International

Business Machines Corporation, Armonk, USA). Continuous data were

expressed in median with interquartile ranges. Quantitative variables

were compared using a Student t-test or a Mann–Whitney test, while

qualitative data were evaluated using a Chi-squared test or a Fisher's

exact test, according to the population distribution. A P-value below

0.05 was considered to be significant.

3 | RESULTS

A total of 47 MMNpatients came in the department betweenNovember

2017 and November 2018. Twenty-six of these patients underwent

MEP-TST tests and plexus MRI during this period and were included in

this study. Their characteristics are shown in Table 1. Eleven were classi-

fied as definite, six as probable, and nine as possible MMN. Among

patientswith possibleMMN, seven patients had no history of CBs during

nerve conduction studies.3 All but two patients were on IVIg treatment

at the time of the MRIs and MEP-TST testing. The median time from

diagnosis to examination was 1 year (range, 0.5–4 years).

The MEP-TST tests were performed bilaterally on the median and

ulnar nerves. The electrophysiological study could not be fully inter-

preted in 11 nerves due to distal CMAP amplitude below 1 mV. Thirty-

six PCB were found in 19 of 26 patients (73%), with a median of

1 PCB/patient (Figure 1). Results by diagnostic category are given in

Table 2. Eleven PCBwere found in the right median nerves, 8 PCB in the

left median nerves, 8 PCB in the right ulnar nerves, and 9 PCB in the left

ulnar nerves. PCB were bilateral in 9/19 patients (47%) and unilateral in

10/19 (53%). All patients with normal MEP-TST results had muscle

weakness in the region of at least one median or ulnar nerve, except for

one patient who had only proximal weakness of the right arm.

Brachial plexus MRIs were abnormal in 18/26 patients (69%): STIR

hyperintensity in 18 patients and nerve enlargement on T1-weighted

imaging in 14 patients (Figures 1 and 2). Results by diagnostic category

are given in Table 2. Gadolinium enhancement was never detected.

Abnormalities were symmetrical and bilateral in 8/18 patients (44%),

asymmetrical and bilateral in 5/18 (28%), and unilateral in 5/18 (28%).

Patients with abnormal MRIs were younger, had more affected nerves

and had higher titers of anti-GM1 antibodies (Table 1).
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TABLE 1 Characteristics of the 26 patients with multifocal motor neuropathy and comparison between patients with normal and abnormal
examination

All patients
Brachial plexus MRI MEP-TST

n = 26 Normal n = 8 Abnormal n = 18 P-Value Normal n = 7 Abnormal n = 19 P-Value

Age (years) 54 (46–70) 68 49 = .02 50 61 NS

Male gender 22 (81%) 7 15 NS 7 15 NS

Disease duration (years) 3.5 (2–10) 2.75 5.5 NS 6 3 NS

Improvement after IVIg 23/26 (88%) 6 17 NS 6 17 NS

ONLS

Total score (/12) 2 (1–3) 1.5 2 NS 3 2 NS

Upper limbs (/5) 2 (1–2) 1 2 NS 2 1 NS

Lower limbs (/7) 0 (0–1) 0 1 NS 0 1 NS

MMN-RODS (/100) 72 (60.5–92.7) 83 72 NS 68 79 NS

Affected nerves 4 (3–6) 3 5 = .04 5 4 NS

Affected limb regions 2 (1–4) 2 2.5 NS 3 2 NS

MRC sum-score (/140) 133 (127–136) 134 (131–137) 135 (129–135) NS 130 (128–135) 134 (125–135) NS

Protein level in CSF (g/L) 0.4 (0.3–0.5) 0.4 0.4 NS 0.4 0.37 NS

IgM anti-GM1 antibodies

Positive patients (%) 13 (52%) 2 10 NS 6 7 NS

Titer 20 (0–80) 0 (0–50) 20 (0–80) = .04 80 (60–720) 0 (0–60) NS

Abbreviations: Quantitative data are expressed in median with interquartile ranges.

Note: CSF, cerebrospinal fluid; NS, nonsignificant.

F IGURE 1 Number and percentage of patients with abnormal examinations. A, All 26 MMNs. B, Seven patients with MMN without
conduction block on routine nerve conduction studies

TABLE 2 Results of brachial plexus
MRI and MEP-TST according to
diagnostic category

Diagnostic category Definite Probable Possible P-Value

Abnormal brachial plexus MRI 9/11 (82%) 3/6 (50%) 6/9 (66%) NS

Abnormal MEP-TST 8/11 (73%) 5/6 (83%) 6/9 (66%) NS

Note: NS, nonsignificant.
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The abnormal examination rate was similar for MEP-TST tests

and plexus MRI (Figure 1), but eight patients had abnormal MEP-TST

results and normal MRI, and six patients had normal MEP-TST results

and abnormal MRI. Twenty-five patients had either an abnormal

MEP-TST or an abnormal plexus MRI, which occurred more frequently

than instances of an abnormal MEP-TST result alone or abnormal

plexus MRI alone (Figure 1).

A subgroup of seven patients with possible MMN never had CB on

several conventional nerve conduction studies. There was no significant

difference in the detection rate of plexus abnormalities between MRI

andMEP-TST tests. The detection rate for abnormalities was not signifi-

cantly increased by the combination of the two techniques (Figure 1).

4 | DISCUSSION

The demographic characteristics of our MMN patients were similar to

those found in cohorts of previous studies12: primarily middle-aged

men with multifocal involvement of motor nerves, responsive to IVIg

treatment and with positive anti-GM1 antibodies. Some MMN

patients do not have history of CB following several nerve conduction

studies.3 Such patients without CB were previously thought to have

an axonal form of MMN.2 However, the abnormalities of the brachial

plexus observed following MEP-TST testing and MRIs were more

indicative of MMN with PCB. A former study reported that patients

with and without CB with classical nerve conduction studies shared

the same clinical features and responses to IVIg.3

The MEP-TST test can detect PCB in chronic inflammatory demy-

elinating polyradiculoneuropathy (CIDP), in Guillain-Barré syndrome,

and in MMN.4,11,13,14 This examination provides functional informa-

tion and partly explains the origin of the muscle weakness experi-

enced by the patients. The MEP-TST test helps to diagnose MMN,

especially if CB are not detected in conventional nerve conduction

studies. In this study, PCB were usually found in at least one of four

nerves tested, and were unilateral approximately half of the time. This

finding underscores the need for bilateral examination of the ulnar

and median nerves. A limitation of the MEP-TST test is that it does

not distinguish PCBs above Erb's point from the involvement of upper

motor neurons.15 Other electrophysiological techniques such as silent

period duration or cortico-motor excitatory thresholds may be per-

formed by transcranial magnetic stimulation and can detect involve-

ment of the central nervous system.16

Brachial plexusMRIs were abnormal in 35–63% ofMMNpatients in

previous studies,5-7,17 and in 69%of patients in our study. This difference

may be explained by an improvement in MRI technique, by the fact that

the MRI examinations were read by an experienced and unblinded radi-

ologist, and because nearly half of our patients fulfilled the diagnostic

criteria for definite MMN.When abnormal, brachial plexus MRI showed

T2-hyperintensity in 86–100% of MMN patients, as well as nerve

enlargement in 64–86% of such patients. In CIDP, plexus MRI detected

nerve enlargement in 40–55% of patients, as well as T2-hyperintensity

in 44–70% of such patients.6,7,18 Gadolinium enhancement has been

reported in up to 36% of CIDP patients.18 However, it was not observed

in our MMN patient cohort or in any from previous studies.6 MRI abnor-

malities are usually more symmetrical in CIDP and asymmetrical in

MMN.7 A benefit of plexus MRI is that it can be informative, even in

cases of severe muscle atrophy, while the MEP-TST test is not possible

when distal CMAPs amplitudes are too low. The morphological abnor-

malities observed on brachial plexus MRIs are not specific for MMN.

Two studies showed an increase in T2 signal intensity and brachial nerve

root volume in some amyotrophic lateral sclerosis (ALS) patients. How-

ever, these abnormalities appeared to be less common than in patients

withMMNandCIDP.17,19

Patientswith normal and abnormalMEP-TST results had similar clin-

ical features. On the other hand, more nerves were involved in patients

with abnormal brachial plexus MRI. Because the MRC sum-score, num-

ber of affected regions, and disability scales were comparable in both

populations, we do not believe that patients with an abnormal plexus

MRI have amore serious disease. Patients with abnormalMRIs were also

younger. However, these data should be considered with caution, as

there was no difference in disease duration between the two groups.

Furthermore, previous studies have not found a correlation between

plexusMRI and disease progression.7

The MEP-TST tests and brachial plexus MRI showed abnormal fea-

tures in 73% and 69% of MMN patients, respectively. The frequency of

abnormal examination was similar in patients with definite, probable, and

F IGURE 2 Brachial plexus MRI, sagittal
reformatted STIR imaging, and coronal MIP
STIR imaging displaying hyperintense signal
(arrowheads) involving the brachial plexus
on the left side. MIP, maximum intensity
projection

4



possible MMN, based on EFNS/PNS diagnostic criteria.1 Most patients

were on IVIg therapy at the time of the investigations. Therefore, it can

be assumed that IVIg did not interfere with the results of MEP-TST tests

and plexusMRIs. However, this assertion should be confirmed in a longi-

tudinal study, aswell as in untreated patients. It can be hypothesized that

the lack of gadolinium enhancement may be due to IVIg treatment,

although a previous study conducted only in untreated patients did not

show any abnormal gadolinium enhancement of the plexus.6 The con-

trast study can be helpful for the detection of alternative pathologies,

such asmalignant infiltration. In this study, the rate of abnormal examina-

tion may have been enhanced because the examiners were not blinded

of the diagnosis ofMMN.

The MEP-TST tests and plexus MRI have individually high sensi-

tivities in this setting, and the combination of both techniques

increases detection of abnormalities in MMN patients who meet

EFNS/PNS diagnostic criteria.1 This study was not designed to ana-

lyze the specificity of the MEP-TST test and plexus MRI in the diagno-

sis of MMN. Further studies should collect longitudinal data and

compare MMN patients with a control group.
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