
O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

Neurology, Neuropsychiatry, Psychosomatics. 2024;16(1):42–48 42

Multifocal motor neuropathy: 
long-term clinical and electrophysiological 

features of the disease

Grishina D.A., Suponeva N.A., Tumilovich T.A., Piradov M.A.
Scientific Center of Neurology, Moscow

80, Volokolamskoe Sh., Moscow 125367, Russia

Little attention has been paid abroad to the problem of the long-term course of multifocal motor neuropathy (MMN). In our country, catamnes-

tic studies of MMN have not been conducted at all. However, the results of such an analysis are extremely important for understanding the

course and prognosis of the disease.

Objective: to analyse the clinical and neurophysiological data of patients with MMN with a disease duration of more than 5 years.

Material and methods. The study included 28 patients with MMN: 9 women (32%) and 19 men (68%); the median age at admission was

50 [44; 56] years; the median disease duration was 10 [8; 13] years. Medical documentation, medical history, complaints, neurological

examination results (scored on the MRC and INCAT scales) and results of electroneuromyography (ENMG) of the long nerves of the hands

were analysed.

Results. The median time between onset of the disease and diagnosis was 5.5 [2; 10] years. Paresis <3 points on the MRC scale was found in

the extensor muscles of the hand and fingers (12/28; 43%), in the median (15/28; 53%) and ulnar (20/28; 71%) muscle groups of the hands,

in the extensors (11/28; 39%) and flexors (9/28; 32%) of the feet. The median total score for the degree of disability on the INCAT scale was

3 [2; 3] for the hands and 1 [0; 2] for the legs. The comparative analysis of the severity of the neurological deficits on the MRC and INCAT

scales at the onset of the disease and in the long-term catamnesis revealed no significant differences (p>0.05). An objective assessment of sen-

sory disorders revealed no changes when testing tactile, pain and temperature sensitivity, while half of the cases (14/28; 50%) showed a distur-

bance of vibration sensitivity in the lower extremities. The ENMG examination was consistent with the electrophysiological criteria of the dis-

ease, one third of the patients showed significant secondary damage to the axons of the motor fibers of the hand nerves, and in half of the cases

a slight impairment of the axons of the sensory fibers was registered.

Conclusion. MMN is a curable disease. Unfortunately, our retrospective analysis showed that in the Russian Federation there are problems with

its diagnosis and quality care of this category of patients. Late diagnosis, delayed start of treatment and non-compliance with the schedule of

pathogenetic therapy lead to persistent disability of patients.
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Multifocal motor neuropathy (MMN) is a rare chronic

dysimmune neuropathy characterized by autoimmune attacks

against the nodal zones of motor nerve fibers, resulting in con-

duction blocks (CB) and, as a consequence, muscle weakness

[1]. Different authors estimate the prevalence of MMN to be one

to two cases per 100,000 population per year, with a higher inci-

dence among males, particularly those in the active age group.

The primary clinical manifestation typically involves a slowly

progressive, asymmetrical, upper (predominantly distal) flaccid

paraparesis, less often tri- or tetraparesis. Sensory and conduc-

tion disorders, pyramidal symptoms are not typical [2]. In 2010,

the European Federation of Neurological Societies/Peripheral

Nerve Society (EFNS/PNS) formulated diagnostic criteria for

MMN, which are still used today [3]. The only effective method

of pathogenetic therapy is high-dose intravenous immunoglobu-

lin (IVIg) [4]. 

Very little attention has been paid to the problem of the

long-term course of MMN, with few studies published abroad

dedicated to its analysis. These studies mainly assess the effi-

cacy of various dosing regimens of intravenous or subcuta-

neous immunoglobulin, and most of them include a small

number of patients. In our country, prospective cohort studies

of MMN have not been carried out at all. Nevertheless, the

results of such an analysis are crucial for understanding the

course of the disease, its prognosis and impact on the patien-

tХs quality of life, as well as the need for maintenance therapy

in order to plan health care costs for the treatment of this

patient population.

The study goal is to analyze the clinical and neurophysio-

logical data of patients with MMN with a disease duration of

more than 5 years.

Material and methods. The register of the Center for

Diseases of the Peripheral Nervous System of the Scientific

Center of Neurology (FSBRI SCN) includes records of 69

patients diagnosed with MMN. For this study, we selected 28

individuals (40%) with a disease duration of more than 5 years: 9

women (32%) and 19 men (68%); the median age at the time of

inclusion in the study was 50 [44; 56] years; median disease dura-

tion was 10 [8; 13] years. A mixed retrospective and prospective

cohort study was conducted.



Inclusion criteria: 

– age over 18 years; 

– compliance with diagnostic criteria for MMN [3]; 

– signing an informed consent to participate in the study.

Exclusion criteria: 

– age under 18 years; 

– the presence of poorly controlled concomitant somatic

diseases.

For all patients included in the study, we analyzed medical

record, history data, concomitant disorders, duration and char-

acteristics of the disease course, results of previous laboratory

tests and instrumental investigations; complaints, results of phys-

ical and neurological examinations with assessment of motor,

sensory functions, coordination and reflexes, including interna-

tional scales – Medical Research Council Scale for Muscle

Strength sum score (MR‘) [5] and Inflammatory Neuropathy

Cause and Treatment (INCAT) [6]. 

All patients underwent nerve conduction studies (NCS)

using a four-channel Keypoint Clinical System myograph

(Medtronic, USA) according to the standard method (E. Stalberg

et al. [7]) with a body surface temperature of at least 33 °C, which

was controlled using a contactless electronic temperature sensor,

and was measured before the investigation at the wrist joint level

on both sides. Motor and sensory fibers of the median and ulnar

nerves on both sides were assessed. Commonly accepted NCS

parameters were analyzed. The values recommended by J.

Kimura [8], with correction for the laboratory regulatory base of

the FSBRI SCN, were used as reference.

Statistical data processing was carried out using Microsoft

Office Excel 2016 and SPSS Statistics 23 software (IBM, USA).

The main descriptive statistics used were percentage, mean and

standard deviation, minimum and maximum, median and quar-

tiles (Me [25th; 75th percentiles]). Qualitative data are described as

frequencies and proportions.

The study was approved by the local ethics committee of

the FSBRI "Scientific Center of Neurology" (protocol No. 10-

4/21 of November 17, 2021).

Results. Clinical and history characteristics. The median

period from the onset of the disease to diagnosis in the patients

included in the study was 5.5 [2; 10] years, and the delay in initi-

ation of treatment was 6 [4; 10] years. The range of erroneous

diagnosis included: carpal tunnel syndrome (12/28; 43%), chron-

ic inflammatory demyelinating polyradiculoneuropathy (8/28;

28%), motor neuron disease (5/28; 18%), osteochondrosis (3/28;

11%) 

At the time of inclusion in the study, 20 (71%) patients were

receiving IVIg: the total duration of the therapy was 4 [1; 8] years,

the interval between maintenance courses was 8 [5; 12] weeks.

The median duration of the IVIg effect was within 4 [4; 6] weeks.

Non-compliance with the intravenous immunoglobulin (IVIg)

dosing regimen or non-adherence to an adequate dose was

reported in every second patient; in every third case the efficacy

of therapy was insufficient (after the administration of IVIg, the

degree of paresis did not change or weakness regressed by no

more than 1 point on the MRC scale). 

Patients with a disease duration of more than 5 years per-

sistently complained of asymmetric weakness in the proximal

and distal arms (in 35 and 100% of cases, respectively), as well as

in the proximal and distal legs (in 14 and 71% of cases, respec-

tively). All patients complained of weight loss of paretic muscles,

muscle twitching, and impaired fine motor skills. Every third

patient (8/28; 28%) complained of impaired gait; the same num-
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Table 1. Severi ty  o f  l imb muscle  
pares is  in  pat ients  wi th  MMN 
at  long-term fo l low-up,  MRC scale,  
Me [25 th;  75 th percent i le]

Muscle group
on the right on the left 

side side

Upper limbs:

shoulder abductors 5 [5; 5] 5 [5; 5]

forearm flexors 5 [4; 5] 5 [4; 5]

forearm extensors 5 [4; 5] 5 [4.2; 5]

hand extensors 4 [4; 4.7] 4 [2.2; 5]

finger extensors 3 [2; 4] 3.5 [2; 5]

hand and finger flexors 5 [4; 5] 5 [4; 5]

the medial muscle group of the hand 3 [1.2; 4] 3 [2; 4.7]

the ulnar muscle group of the hand 3 [1.2; 4] 3 [2; 4.7]

Lower extremities:

hip flexors 5 [5; 5] 5 [5; 5]

hip extensors 5 [5; 5] 5 [5; 5]

leg extensors 5 [5; 5] 5 [5; 5]

shin flexors 5 [5; 5] 5 [5; 5]

foot extensors 4 [2; 5] 4 [3; 5]

foot flexors 4 [3; 5] 4 [3; 5]

Number of patients with muscle paresis of the right upper (a) 

and lower (б) limbs (≤3 points on the MRC scale)

Shoulder abductors

Forearm flexors

Forearm extensors

Hand and finger extensors

Hand and finger flexors

The medial muscle group of the hand

The ulnar muscle group of the hand

а
3

6
2

12

20

4
15

Hip flexors

Hip extensors

Knee flexors

Foot/toe extensors

Foot/toe flexors

b
1

11

9

1
1

Table 2. Severi ty  o f  neurological  disorders  
in  pat ients  wi th  MMN at  the  onset  
and long-term fo l low-up,  to tal  score,
Me [25 th;  75 th percent i le]

Assessment  Assessment 
Score at the onset during long-term p

of the disease follow-up

MRC 50 [46; 53] 53 [49; 56] 0.08

INCAT (hands) 3.3 [3; 4] 3 [2; 3] 0.1
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ber of patients (8/28; 28%) complained of sensory disturbances

in the limbs (numbness and paresthesia). None of the patients

had pain. 

The results of assessment of the main muscle groups of the

limbs according to the MRC scale in the patients included in the

study are presented in Table 1. There was greater involvement of

the distal limb muscles with a slight predominance of weakness in

the dominant arm (p>0.05).

In the MMN patients under long-term follow-up, the

most common findings included paresis of ≤3 points on the

MRC scale in the extensors of the hand and fingers (12/28;

43%), in the medial (15/28; 53%) and ulnar (20/28; 71%) mus-

cles of the hands, in extensors (11/28; 39%) and flexors (9/28;

32%) of the feet (Fig. 1). The median total score for the degree

of dysfunction on the INCAT scale was 3 [2; 3] for the hands and

1 [0; 2] for the legs.
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Table 3. Analys is  o f  the  resul t s  o f  ENMG of  the  motor  f ibers  o f  the  per ipheral  nerves  o f  the  hands  
in  pat ients  wi th  MMN during  long-term fo l low-up

The 
Nerve conduction studies variables Parameters

The 
Nerve conduction studies variables Parametersnerve nerve

Number of patients with distal 20 (71)

M-wave (dM-wave), n (%)

dM-wave terminal latency, ms; 3.6 [3.4; 4]

Me [25th; 75th percentile] (N<3,5)

dM-wave amplitude, mV; 4.9 [1.4; 7.4]

Me [25th; 75th percentile] (N>5,0)

dM-wave duration, ms; 6 [5.4; 6.4]

Me [25th; 75th percentile]

CB at the level of the forearm, n (%); 11 (39)

CB degree, %, Me [25th; 75th percentile] 48.7 [43; 72]

CB at the level of the lower third of the upper arm, n (%); 2 (7)

CB degree, %, Me [25th; 75th percentile] 60 [53; 65]

CB in the proximal region (Erb's point), n (%); 5 (18)

CB degree, %, Me [25th; 75th percentile] 75 [64; 89]

Number of patients with M-response dispersion, n (%) 0

CVm m/s; Me [25th; 75th percentile] (N>50)

forearm 52 [49; 54]

elbow bend 62 [50; 66]

Number of patients with distal 23 (82)

M-wave (dM-wave), n (%)

dM-wave terminal latency, ms; 3 [2.6; 3.6]

Me [225th; 75th percentile] (N<3,0)

dM-wave amplitude, mV; 5 [1.3; 7]

Me [25th; 75th percentile] (N>6,0)

dM-wave duration, ms; 5.8 [5.2; 6.3]

Me [25th; 75th percentile]

CB at the level of the forearm, n (%); 13 (46)

CB degree, %, Me [25th; 75th percentile] 50 [40; 63]

CB at the level of the elbow joint, n (%) 0

CB at the level of the shoulder, n (%) 0

CB in the proximal region (Erb's point), n (%); 3 (11)

CB degree, %, Me [25th; 75th percentile] 50 [50; 70]

Number of patients with M-response dispersion, n (%) 0

CVm m/s; Me [25th; 75th percentile]; (N>50)

forearm 56 [43; 65]

elbow 52 [41; 58]

Number of patients with distal 20 (71)

M-wave (dM-wave), n (%)

dM-wave terminal latency, ms; 3.6 [3.3; 3.8]

Me [25th; 75th percentile] (N<3,5)

dM-wave amplitude, mV; 4.4 [1.4; 7.5]

Me [25th; 75th percentile] (N>5,0)

dM-wave duration, ms; 6.2 [5.4; 6.9]

Me [25th; 75th percentile]

CB at the level of the forearm, n (%); 10 (35)

CB degree, %, Me [25th; 75th percentile] 71 [56; 78]

CB at the level of the lower third of the upper arm, n (%) 0

CB in the proximal region (Erb's point), n (%); 5 (18)

CB degree, %, Me [25th; 75th percentile] 75 [66; 91]

Number of patients with M-response dispersion, n (%) 0

CVm m/s; Me [25th; 75th percentile] (N>50)

forearm 52 [42; 54]

elbow bend 62 [56; 66]

Number of patients with distal 23 (82)

M-wave (dM-wave), n (%)

dM-wave terminal latency, ms; 3 [2.6; 3.4]

Me [25th; 75th percentile] (N<3,0)

dM-wave amplitude, mV; 4.6 [2; 7.7]

Me [25th; 75th percentile] (N>6,0)

dM-wave duration, ms; 5.7 [5.3; 6.6]

Me [25th; 75th percentile]

CB at the level of the forearm, n (%); 11 (39)

CB degree, %, Me [25th; 75th percentile] 55 [45; 61]

CB at the level of the elbow joint, n (%) 0

CB at the level of the shoulder, n (%); 3 (11)

CB degree, %, Me [25th; 75th percentile] 60 [45; 74]

CB in the proximal region (Erb's point), n (%); 5 (18)

CB degree, %, Me [25th; 75th percentile] 83 [80; 93]

Number of patients with M-response dispersion, n (%) 0

CVm m/s; Me [25th; 75th percentile] (N>50)

forearm 55 [50; 64]

elbow 48 [39; 57]

Note. dM-wave, the distal motor response; CB, conduction block; CVm, the conduction velocity along of motor fibers; Here and in Table 4: n – number of patients; 

N – normal.
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A comparative analysis of the severity of neurological

deficit in MMN patients at the onset of the disease (retrospective

assessment) and during long-term follow-up (assessment upon

inclusion in the study) did not reveal clear trends; there were no

significant differences in the total scores on the MRC and INCAT

scales (p>0.05; Table 2).

Although a third of the patients had sensory complaints,

objective evaluation of sensory disturbances revealed no changes

in tactile, pain and temperature sensitivity. However, impaired

vibration sensitivity in the lower extremities was noted in half of

the cases (14/28; 50%).

Thus, the analysis of motor disorders in patients with

advanced MMN from our sample revealed notably persistent

and asymmetric paresis of the distal muscles of the arms in the

vast majority (70%) of patients with a high level of disability

(INCAT score: 3 points), involvement of the muscles of the

lower extremities associated with gait impairment in every

third patient, and the absence of a clear improvement on the

therapy. Another noteworthy observation is objectively

detectable impairment of vibration sensitivity in the legs in

half of the cases among MMN patients under long-term fol-

low-up.

Neurophysiological characteristics. We were unable to regis-

ter the M-response from the abductor pollicis brevis (innervation

by the median nerve) in 29% of patients included in the study and

the abductor digiti minimi (innervation by the ulnar nerve) in

18%. These figures indirectly suggest the percentage of patients

with severe damage to the axons of the motor fibers of the nerves

under study and their inexcitability. The median amplitude of dis-

tal motor responses from the hand muscles was at the lower limit

of normal (Table 3). 

A comprehensive assessment of the data obtained

showed that patients with MMN caused by nodopathy of

motor fibers, under long-term follow-up, did not develop sec-

ondary demyelination: the latency and duration of the dM

response, as well as the SPM values in the distal parts were

within normal limits, the form of the motor response remained

intact (no M-response dispersion). All patients with detected

dM response retained motor CBs, which were most frequently

recorded on the forearm (in 39% of cases for motor fibers of

the right median nerve, 35% for the left one, 46% for the right

ulnar nerve, 39% for the left one) and less frequently (up to

20%) in the proximal sections (Erb's point). None of the

patients with MMN, despite the pathogenetic therapy carried

out in the long-term follow-up, demonstrated normalization

of the parameters of the study of motor fibers of the hand

nerves (see Table 3).

Despite the fact that the average NCS parameters of the

study of sensory fibers of the hand nerves in patients with MMN

in the late stages of the disease were within normal values, a

decrease in the amplitude of the action potential of the sensory

fibers (AFP) of the median nerves <15 ?V was noted in 36% of

cases (10/ 28), ulnar nerves Р in half of the patients (14/28; 50%;

Table 4).

Thus, in the long-term follow-up of MMN, the majority of

patients remain in compliance with the electrodiagnostic criteria

for the disease EFNS/PNS 2010; approximately a third of

patients develop significant secondary damage to the axons of the

motor fibers of the nerves of the hands; secondary demyelination

is not typical, and in half of the cases mild involvement of the

axons of sensory fibers is recorded.

Discussion. Studies conducted abroad demonstrate a

favorable disease course on regular IVIg therapy. R.M. Van

den Berg-Vos et al. [9] conducted a long-term follow-up study

in 11 patients with MMN who received IVIg maintenance

therapy. During the observation, the frequency of administra-

tion and dose of the drug were determined for each patient

individually; the observation period ranged from 4 to 8 years.

Against the background of IVIg, muscle strength increased,

and disability of the arm decreased significantly at the last fol-

low-up examination compared with the pre-treatment exam-

ination. An NCS study in patients on IVIg showed that motor

CB regressed on average in six nerve segments, though the

emergence of CB in other segments was observed during the

follow-up. Similar findings were reported by other researchers

[10, 11].
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Table 4. Analys is  o f  the  resul t s  o f  an ENMG
examinat ion of  the  sensory  f ibers  
o f  the  per ipheral  nerves  o f  the  hands  
in  pat ients  wi th  MMN 
in the  long-term fo l low-up

The 
Nerve conduction studies variables Parametersnerve

Number of patients with registered 28 (100)

SNAP, n. (%)

The latency of SNAP, ms; 2.5 [2.2; 2.7]

Me [25th; 75th percentile] (N<3,0)

The amplitude of SNAP, mkV; 22.8 [14; 27]

Me [25th; 75th percentile] (N>15,0)

SNCV, m/s; Me [25th; 75th percentile] (N>50) 64 [57; 68]

Number of patients with registered 28 (100)

SNAP, n. (%)

The latency of SNAP, ms; 2.5 [2.3; 2.7]

Me [25th; 75th percentile] (N<3,0)

The amplitude of SNAP, mkV; 30 [16; 37]

Me [25th; 75th percentile] (N>15,0)

SNCV, m/s; Me [25th; 75th percentile] (N>50) 61 [56; 67]

Number of patients with registered 28 (100)

SNAP, n. (%)

The latency of SNAP, ms; 2.1 [2; 2.4]

Me [25th; 75th percentile] (N<3,0)

The amplitude of SNAP, mkV; 15.7 [10; 28]

Me [25th; 75th percentile] (N>15,0)

SNCV, m/s; Me [25th; 75th percentile] (N>50) 59 [56; 64]

Number of patients with registered 28 (100)

SNAP, n. (%)

The latency of SNAP, ms; 2 [1.9; 2.3]

Me [25th; 75th percentile] (N<3,0)

The amplitude of SNAP, mkV; 18 [12; 28]

Me [25th; 75th percentile] (N>15,0)

SNCV, m/s; Me [25th; 75th percentile] (N>50) 58 [55; 65]

Note. SNCV, sensory nerve conduction velocity
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J.M. Leger et al. [12] retrospectively analyzed data from

40 patients with MMN: 22 of them had not previously received

treatment, 18 were on maintenance IVIg. Between 1995 and

2003, all patients included in the study received regular thera-

py. The total score on MRC increased significantly in 14 of 22

treatment-naive patients (p<0.0001). At the end of the follow-

up period (mean 2.2±2.0 years), only 8 of 40 patients (22%)

had significant remission, while 25 (68%) patients were

dependent on intermittent IVIg infusions. The number of CB

decreased or remained unchanged in 12 treatment-naive

patients. 

J. Nemoto et al. [13] retrospectively evaluated data from

eight patients with MMN between 2005 and 2020. IVIg was

effective in four patients. Two patients did not require therapy

due to minimal severity of symptoms with a stable clinical

course.

In our sample, we obtained different results. Having retro-

spectively analyzed data on the development and course of the

disease in 28 patients with MMN with a median disease duration

of 10 [8; 13] years, we noted that the severity of neurological

deficit, assessed using the MRC and INCAT scales, at the onset

and during the follow-up of the disease did not differ significant-

ly (p>0.05); most patients in the late stages of the disease have

severe (>3 points on the MRC scale) paresis of the distal muscles

of the arms, leading to impaired fine motor skills (INCAT score

of 3 points). This observation necessitated clarification. Upon

analyzing the timing of diagnosis and initiation of therapy, we

noted that the delay in diagnosis in the patients included in the

study was 5.5 [2.0; 10.0] years, and the start of pathogenetic ther-

apy was delayed by 6 [4; 10] years. In addition, a third of patients

did not receive pathogenetic therapy at the time of inclusion in

the study, and every second patient did not adhere to the IVIg reg-

imen. Thus, our study demonstrated a number of issues, on the

one hand, related to the untimely diagnosis of MMN in our

country, on the other, the low quality of care for this patient pop-

ulation, and indirectly sheds light on the disease course in the

absence of adequate IVIg.

Interesting data emerged from a thorough a compre-

hensive analysis of the results of neurophysiological findings

of the peripheral nerves most affected by MMNСthe long

nerves of the upper limbs. We showed that in the patients with

MMN included in this study in the late stages of the disease,

in a third of cases, significant secondary damage to the axons

of the motor fibers of the nerves of the hands was observed,

while secondary demyelination of the motor fibers did not

develop, and mild involvement of sensory fiber axons of the

nerves of the hands was noted in half of the cases. In addi-

tion, the study of the nerves of the hands (in the case of

recording a dM response from the muscles of the hand with

an amplitude of >1 mV) showed that motor CB persisted in

locations atypical for compression throughout the disease

course. None of the MMN patients in our study exhibited

normalization of parameters in the study of motor fibers of

the hand nerves. The results of NCS in patients with MMN

should be interpreted taking into account that pathogenesis-

based therapy in the study patients was started with a signifi-

cant delay, and in the majority of cases there was a violation

of the therapy regimen characterized by prolonged intervals

between infusions. In addition, recording of neurophysiolog-

ical signs of gross damage to the motor fiber axons may

explain inadequate response to IVIg observed in one-third of

patients. 

Our findings regarding the involvement of sensory fibers in

patients with late-stage MMN are consistent with reports from

other studies, necessitating further analysis and understanding

[14, 15].

Conclusion. MMN is a manageable condition where

maintaining a high level of patient independence and self-care

is achievable, which was consistently demonstrated in the previ-

ous studies. Unfortunately, our retrospective analysis has

revealed diagnostic and quality care challenges for MMN

patients in Russia. It has been shown that late diagnosis, delayed

initiation of pathogenesis-based therapy and non-compliance

with the infusion schedule inevitably leads to disability in

patients with MMN. The authors express hope that the draft

clinical guidelines for MMN will be approved by the Ministry of

Health of the Russian Federation, and this will improve the sit-

uation in our country. 

O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

46Neurology, Neuropsychiatry, Psychosomatics. 2024;16(1):42–48

1. Nagale SV, Bosch EP. Multifocal motor

neuropathy with conduction block: current

issues in diagnosis and treatment. Semin Neurol.

2003 Sep;23(3):325-34. doi: 10.1055/s-2003-

814745

2. Lawson VH, Arnold WD. Multifocal motor

neuropathy: a review of pathogenesis, diagnosis,

and treatment. Neuropsychiatr Dis Treat. 2014

Apr 5;10:567-76. doi: 10.2147/NDT.S39592

3. Joint Task Force of the EFNS and the PNS.

European Federation of Neurological

Societies/Peripheral Nerve Society guideline 

on management of multifocal motor neuropa-

thy. Report of a joint task force of the European

Federation of Neurological Societies 

and the Peripheral Nerve Society – first revi-

sion. J Peripher Nerv Syst. 2010 Dec;15(4):295-

301. doi: 10.1111/j.1529-8027.2010.00290.x

4. Keddie S, Eftimov F, van den Berg LH, 

et al. Immunoglobulin for multifocal motor

neuropathy. Cochrane Database Syst Rev. 2022

Jan 11;1(1):CD004429. 

doi: 10.1002/14651858.CD004429.pub3

5. Супонева НА, Арестова АС, 

Мельник ЕА и др. Валидация шкалы 

суммарной оценки мышечной силы 

(MRC sum score) для использования 

у русскоязычных пациентов с хронической

воспалительной демиелинизирующей поли-

нейропатией. Нервно-мышечные болезни.

2023;13(1):68-74. doi: 10.17650/2222-8721-

2023-13-1-68-74

[Suponeva NA, Arestova AS, Melnik EA, et al.

Validation of the Medical Research Council

sum score (MRCss) for use in Russian-speaking

patients with chronic inflammatory demyelinat-

ing polyneuropathy. Nervno-myshechnyye

bolezni = Neuromuscular Diseases.

2023;13(1):68-74. doi: 10.17650/2222-8721-

2023-13-1-68-74 (In Russ.)].

6. Арестова АС, Мельник ЕА, Зайцев АБ

и др. Шкала «Этиология и лечение воспали-

тельной нейропатии» (Inflammatory

Neuropathy Cause and Treatment, INCAT)

для оценки степени инвалидизации 

у больных хронической воспалительной 

демиелинизирующей полинейропатией:

лингвокультурная адаптация в России.

Нервно-мышечные болезни. 2021;11(4):26-33.

doi: 10.17650/2222-8721-2021-11-4-26-33

[Arestova АS, Melnik ЕА, Zaytsev AB, et al.

Inflammatory Neuropathy Cause and

Treatment (INCAT) Scale for the assessment 

of disability level in patients with chronic

R E F E R E N C E S



O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

47 Neurology, Neuropsychiatry, Psychosomatics. 2024;16(1):42–48

Received/Reviewed/Accepted 

07.10.2023/19.12.2023/20.12.2023

Conflict of Interest Statement 
The investigation has not been sponsored. There are no conflicts of interest. The authors are solely responsible for submitting the

final version of the manuscript for publication. All the authors have participated in developing the concept of the article and in writing

the manuscript. The final version of the manuscript has been approved by all the authors.

Grishina D.A. https://orcid.org/0000-0002-7924-3405

Suponeva N.A. https://orcid.org/0000-0003-3956-6362

Tumilovich T.A. https://orcid.org/0000-0002-9538-9690

Piradov M.A. https://orcid.org/0000-0002-6338-0392

inflammatory demyelinating polyneuropathy:

linguocultural ratification in Russia. Nervno-

myshechnyye bolezni = Neuromuscular Diseases.

2021;11(4):26-33. doi: 10.17650/2222-8721-

2021-11-4-26-33 (In Russ.)].

7. Stalberg E, van Dijk H, Falck B, et al.

Standards for quantification of EMG 

and neurography. Clin Neurophysiol. 2019

Sep;130(9):1688-729. 

doi: 10.1016/j.clinph.2019.05.008. Epub 2019

Jun 10. 

8. Kimura J. Electrodiagnosis in diseases 

of nerve and muscle: principles and practice. 

4th ed. Oxford University Press; 2013. 1176 p.

9. Van den Berg-Vos RM, Franssen H, 

Wokke JH, Van den Berg LH. Multifocal motor

neuropathy: long-term clinical and electrophys-

iological assessment of intravenous

immunoglobulin maintenance treatment. 

Brain. 2002 Aug;125(Pt 8):1875-86. 

doi: 10.1093/brain/awf193

10. Vucic S, Black KR, Chong PS, Cros D.

Multifocal motor neuropathy: decrease 

in conduction blocks and reinnervation 

with long-term IVIg. Neurology. 2004 Oct

12;63(7):1264-9. 

doi: 10.1212/01.wnl.0000140497.85952.fa

11. Azulay JP, Rihet P, Pouget J, et al. Long

term follow up of multifocal motor neuropathy

with conduction block under treatment.

J Neurol Neurosurg Psychiatry. 1997

Apr;62(4):391-4. doi: 10.1136/jnnp.62.4.391

12. Leger JM, Viala K, Cancalon F, et al.

Intravenous immunoglobulin as short- 

and long-term therapy of multifocal motor 

neuropathy: a retrospective study of response 

to IVIg and of its predictive criteria 

in 40 patients. J Neurol Neurosurg Psychiatry.

2008 Jan;79(1):93-6. 

doi: 10.1136/jnnp.2007.121756

13. Nemoto J, Shimizu F, Maeda T, et al.

[Clinical features of 8 patients with multifocal

motor neuropathy in the long-term follow-up].

Rinsho Shinkeigaku. 2023 Apr 25;63(4):209-13.

doi: 10.5692/clinicalneurol.cn-001810. 

Epub 2023 Mar 29 (In Japan.).

14. Lambrecq V, Krim E, 

Rouanet-Larriviere M, Lagueny A. Sensory loss

in multifocal motor neuropathy: a clinical 

and electrophysiological study. Muscle Nerve.

2009 Feb;39(2):131-6. doi: 10.1002/mus.21163

15. Delmont E, Benaim C, Launay M, et al.

Do patients having a decrease in SNAP ampli-

tude during the course of MMN present 

with a different condition? J Neurol. 2009

Nov;256(11):1876-80. doi: 10.1007/s00415-

009-5217-0. Epub 2009 Jul 30. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


