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Abstract
Background and purpose: This study aimed to assess the diagnostic criteria, ancillary 
investigations	and	treatment	response	using	real-	life	data	in	multifocal	motor	neuropathy	
(MMN) patients.
Methods: Clinical and laboratory data were collected from 110 patients enrolled in the 
Italian	MMN	database	through	a	structured	questionnaire.	Twenty-	six	patients	were	ex-
cluded due to the unavailability of nerve conduction studies or the presence of clinical 
signs and symptoms and electrodiagnostic abnormalities inconsistent with the MMN di-
agnosis.	Analyses	were	conducted	on	73	patients	with	a	confirmed	MMN	diagnosis	and	
11 patients who did not meet the diagnostic criteria.
Results: The	 European	 Federation	 of	Neurological	 Societies/Peripheral	Nerve	 Society	
(EFNS/PNS)	 diagnostic	 criteria	 were	 variably	 applied.	 AUTHOR:When	 applying	 the	
American	Association	of	 Electrodiagnostic	Medicine	 criteria,	 an	 additional	 17%	of	 pa-
tients	fulfilled	the	criteria	for	probable/definite	diagnosis	whilst	a	further	9.5%	missed	the	
diagnosis.	In	17%	of	the	patients	only	compound	muscle	action	potential	amplitude,	but	
not area, was measured and subsequently recorded in the database by the treating physi-
cian.	 Additional	 investigations,	 including	 anti-	GM1	 immunoglobulin	M	 antibodies,	 cer-
ebrospinal fluid analysis, nerve ultrasound and magnetic resonance imaging, supported 
the	diagnosis	in	46%–83%	of	the	patients.	Anti-	GM1	immunoglobulin	M	antibodies	and	
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INTRODUC TION

Multifocal motor neuropathy (MMN) is a rare, purely motor neurop-
athy	 characterized	 by	 significant	 upper	 limb	 involvement	 without	
sensory loss and persistent conduction block (CB) on motor nerves 
[1–3]. Many data point to a pathogenetic role of the immune system 
in this neuropathy including the frequent occurrence of high titres 
of immunoglobulin M (IgM) antibodies to the ganglioside GM1 [1–3] 
and	 the	 frequent	 response	 to	 therapy	with	high-	dose	 intravenous	
immunoglobulin (IVIg) [4]. The precise pathogenesis of this neurop-
athy remains unclear, however, also because, with the possible ex-
ception of cyclophosphamide, other immune therapy has not been 
proved to be effective in MMN [5].

A	 few	 diagnostic	 criteria	 have	 been	 used	 for	 MMN	 even	
if	 the	 criteria	 proposed	 in	 2010	 by	 the	 European	 Federation	 of	
Neurological	 Sciences	 and	 the	 Peripheral	Nerve	 Society	 (EFNS/
PNS)	are	mostly	utilized	[6]. These criteria are quite selective for 
the diagnosis of CB in MMN requiring the presence of a reduction 
of the area of the negative peak of the compound muscle action 
potential	(CMAP)	in	relation	with	its	duration	and	not	of	the	ampli-
tude,	as	allowed	by	the	American	Association	of	Electrodiagnostic	
Medicine	 (AAEM)	 consensus	 criteria	 for	MMN	 [7,	 8] and by the 
2021	European	Academy	of	Neurology/Peripheral	Nerve	Society	
(EAN/PNS)	criteria	for	chronic	 inflammatory	demyelinating	poly-
radiculoneuropathy	(CIDP)	[9].

A	number	of	additional	diagnostic	 investigations	have	been	 in-
cluded to support the MMN diagnosis in patients not fulfilling the 
electrodiagnostic criteria [6]. The relative diagnostic relevance of 
these investigations remains unclear, however, and they might be 
unnecessarily performed in these patients.

A	study	was	conducted	on	patients	diagnosed	with	MMN,	under	
the	care	of	specialized	Italian	centres	for	immune-	mediated	neurop-
athies. Our aim was to analyse the criteria used for the diagnosis, 
the usefulness of accessory investigations for the diagnosis, and the 
response to therapy.

METHODS

A	web-	based	database	on	Italian	MMN	patients	was	implemented,	
which currently includes data from 110 patients clinically diagnosed 
with	MMN.	The	treating	neurologist	included	all	the	data	in	a	web-	
based	electronic	database	expressly	prepared	by	CINECA,	Bologna,	
Italy. The treating neurologist initially made the diagnosis of MMN 

that	the	coordinating	centre	(P.E.D.	and	E.N.O.)	reviewed	and	classi-
fied	according	to	the	2010	EFNS/PNS	diagnostic	criteria	[6].	Patients	
with an alternative diagnosis for the neuropathy or with symptoms 
and	signs	non-	consistent	with	MMN	or	without	available	nerve	con-
duction studies were excluded from the study.

Clinical assessment

Similar	 to	 what	 was	 previously	 performed	 in	 patients	 included	 in	
the	 Italian	 CIDP	 database	 [10], all eligible patients underwent a 
detailed clinical history at enrolment using a structured question-
naire. This history included the time of onset and distribution and 
progression of symptoms, encompassing weakness, sensory symp-
toms, ataxia, pain, cramps, tremor, fatigue, cranial nerve impairment, 
dysphagia, dyspnoea and autonomic dysfunction. This information 
was integrated with the data reported in the medical records. The 
clinical evaluation at registry enrolment included assessment of 
muscle strength using the Medical Research Council sum score on 
12	muscles	 (range	 0–60).	Neurological	 disability	was	 evaluated	 at	
enrolment	with	the	MMN	Rasch-	built	Overall	Disability	Scale	(range	
1–50)	[11]	and	the	Overall	Neuropathy	Limitation	Scale	(range	0–12)	
[12]. Response to treatment was defined as a subjective improve-
ment objectively confirmed by an increase of at least 2 points in the 
Medical	Research	Council	sum	score	(range	0–60)	or	at	least	1	point	
in	the	Overall	Neuropathy	Limitation	Scale	score	(range	0–12)	[6, 9]. 
The response to treatment was prospectively evaluated by the treat-
ing	neurologist	and	reported	in	the	database.	Whilst	the	evaluation	
of	therapy	response	was	not	standardized	at	a	predetermined	time	
for all patients, all treated individuals had completed at least one 
cycle	of	IVIg	at	a	dose	of	2 g/kg.

The results of diagnostic nerve conduction studies performed 
during the course of the disease were included. Motor nerve conduc-
tion	studies	were	conducted	in	a	non-	standardized	manner,	but	they	
consistently included the clinically affected nerves. These studies 
encompassed	measurement	of	distal	and	proximal	CMAP	amplitude	
(onset to peak), negative peak area and duration, as well as assess-
ment of motor conduction velocities, distal motor latencies and, in 
most	cases,	F-	wave	latency.	All	the	centres	were	solicited	to	provide	
the	data,	 if	not	done	before,	on	CMAP	area	and	duration.	Sensory	
conduction studies were performed in the median, ulnar and sural 
nerves as well as in any nerve affected by CB or in the territory of 
the patients' sensory symptoms or signs. These included sensory 
action potential amplitude, distal latency and conduction velocity. 

nerve	ultrasound	demonstrated	the	highest	sensitivity.	Additional	tests	were	frequently	
performed	outside	the	EFNS/PNS	guideline	recommendations.
Conclusions: This	study	provides	insights	into	the	real-	world	diagnostic	and	management	
strategies for MMN, highlighting the challenges in applying diagnostic criteria.

K E Y W O R D S
diagnosis, diagnostic criteria, guidelines, MMN, multifocal motor neuropathy
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There	was	no	definite	time	point	for	the	examination.	Each	centre	
was asked to include the most complete and diagnostic examination.

Results	 of	 cerebrospinal	 fluid	 (CSF)	 examination	 performed	
during the course of the disease were reported, including total pro-
tein	level	and	cell	count.	As	to	protein	level,	as	upper	reference	limit	
50 mg/dL	was	considered	for	patients	aged	≤50 years	and	60 mg/dL	
for those aged >50 years	[13].	The	frequency	of	patients	with	CSF	
protein	 elevation	 ≥1 g/L	 was	 also	 evaluated.	 Results	 of	 anti-	GM1	
IgM antibody testing were reported by each laboratory, including 
the normal value of their laboratory.

The results of brachial/lumbosacral plexus and roots magnetic 
resonance imaging (MRI) examination were reported and defined by 
the local examiner as possible supportive value for the diagnosis of 
MMN	if	they	showed	nerve	enlargement	or	T2-	hyperintense	signal	
and/or gadolinium enhancement of the brachial plexus [6,	14–16]. 
The	 results	 of	 nerve	 ultrasound	 (US)	were	 considered	 of	 possible	
supportive value for the diagnosis of MMN if the local examiner re-
ported an enlargement of the examined nerves or brachial plexus 
beyond their normal values [15,	16].

All	the	patients	had	been	extensively	 investigated	in	each	cen-
tre for the presence of possible alternative causes of neuropathy 
through	 clinical	 and	 laboratory	 investigation,	 following	 the	 EFNS/
PNS	guidelines	[6].

The diagnosis of MMN was classified by the coordinating centre 
according	to	the	EFNS/PNS	diagnostic	criteria	into	definite,	proba-
ble or possible MMN [6].	Also	the	AAEM	criteria	were	applied	to	the	
patients included in the study [7,	8].

The study was approved by the ethical committees of all partic-
ipating	centres.	A	written	 informed	consent	was	obtained	from	all	
participants at the time of enrolment.

Statistical analysis

Descriptive statistics were reported for the entire sample of patients 
with MMN, and for each clinical subgroup separately. Categorical 
variables were described using frequencies and percentages, and 

continuous variables using mean, median and range. Demographic 
and clinical features, treatment response, strength deficit and dis-
ability level were compared between different subgroups of patients 
with	the	chi-	squared	or	Fisher's	exact	test	for	categorical	variables	
and with the t	test	or	the	Wilcoxon−Mann–Whitney	test	for	continu-
ous	variables.	All	tests	were	two-	tailed	and	the	significance	level	was	
set	to	0.05.	The	analyses	were	performed	with	SAS	version	9.4	(SAS	
Institute,	Cary,	NC,	USA).

RESULTS

One hundred and ten patients were included in the database from 
March	 2019	 to	 January	 2023	 from	 18	 Italian	 centres	with	 exper-
tise	in	immune-	mediated	neuropathies.	Ten	patients	were	excluded	
since nerve conduction studies were not available and 16 patients 
were excluded for the presence of clinical signs or symptoms or 
electrodiagnostic abnormalities not consistent with the diagnosis 
of	MMN	according	 to	 the	EFNS/PNS	 criteria	 (Figure 1). These in-
cluded the presence of sensory symptoms and signs and abnormal 
sensory nerve conduction studies in nerves with motor CB in the 
upper limb nerves (11 patients, eventually diagnosed with multifocal 
CIDP),	bulbar	impairment	(four	patients,	eventually	diagnosed	with	
motor neuron syndrome) and one patient who only had cramps and 
no evident weakness.

Amongst	the	84	included	patients	(56	men	and	28	women),	22	
(26%)	 fulfilled	 the	 criteria	 for	 definite,	 29	 (35%)	 for	 probable	 and	
22	 (26%)	 for	 possible	 MMN	 according	 to	 the	 EFNS/PNS	 criteria	
(Figure 1).	Eleven	patients	(13%)	did	not	meet	the	diagnostic	criteria	
for MMN, as they failed to satisfy the motor electrodiagnostic crite-
ria. In nine of these cases, the response to IVIg therapy was unclear, 
thereby precluding a diagnosis of possible MMN. Furthermore, two 
newly diagnosed patients were included in the database before un-
dergoing	 IVIg	 treatment.	When	applying	 the	CB	criteria	proposed	
by	the	AAEM	[7,	8],	four	of	the	patients	who	did	not	fulfil	the	EFNS/
PNS	diagnostic	criteria	for	MMN	would	meet	the	criteria	for	a	diag-
nosis of probable or definite MMN, 10 patients would shift from a 

F I G U R E  1 Flowchart	of	the	Italian	
MMN	database.	AAEM,	American	
Association	of	Electrodiagnostic	Medicine	
diagnostic	criteria	for	MMN;	EFNS/PNS,	
European	Federation	of	Neurological	
Societies/Peripheral	Nerve	Society	
diagnostic criteria for MMN; MMN, 
multifocal	motor	neuropathy;	NCS,	nerve	
conduction studies.
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diagnosis of possible to a diagnosis of probable MMN and four pa-
tients from a diagnosis of probable to a diagnosis of definite MMN, 
as depicted in Figures 1 and 2. This discrepancy occurred because in 
14	patients	only	CMAP	amplitude,	but	not	area,	was	measured	and	
subsequently recorded in the database by the treating physician. Of 
these, 10 patients improved after IVIg. In the other four patients, 
there was a reduction of >50%	in	CMAP	amplitude	but	not	in	area.	
On	the	other	hand,	applying	the	AAEM	criteria	also	resulted	 in	19	
patients not meeting the criteria for MMN diagnosis (Figures 1 and 
2).	Overall,	using	the	AAEM	criteria,	14	(17%)	additional	patients	ful-
filled	the	criteria	for	probable/definite	diagnosis	whilst	eight	(9.5%)	
additional patients missed the diagnosis.

Table 1	 summarizes	 the	 clinical	 and	 laboratory	 features	 and	
response	to	therapy	of	the	73	patients	with	a	confirmed	MMN	di-
agnosis	and	of	the	11	patients	not	fulfilling	the	EFNS/PNS	criteria	
for	MMN.	Amongst	MMN	patients,	men	were	more	frequently	af-
fected than women with a 2:1 ratio and the mean age at disease 
onset	was	42 years	(range	21–68).	At	the	onset	of	symptoms,	upper	
limbs	were	exclusively	affected	in	63%	of	the	patients.	Upon	inclu-
sion	in	the	study,	which	occurred	on	average	12 years	later,	the	in-
volvement	of	all	four	limbs	increased	significantly,	rising	from	13.6%	
at	onset	 to	63%.	 In	 the	upper	 limbs,	 the	most	 frequently	affected	
nerves, both clinically and electrophysiologically, were, in descend-
ing order, the ulnar, median, radial and musculocutaneous, whilst in 
the lower limbs they were the peroneal, tibial, femoral and gluteus. 

Throughout the disease progression, additional symptoms and signs 
were observed, including muscle hypotrophy primarily in the upper 
limbs	 in	53	 (73%)	patients,	 fatigue	 in	26	 (36%)	patients,	 cramps	 in	
20	 (27%)	patients,	pain	 in	five	 (7%)	patients	and	 limb	paraesthesia	
without	objective	sensory	loss	in	11	(15%)	patients.	The	11	patients	
with unconfirmed diagnosis of MMN had a shorter disease duration 
at inclusion (p = 0.0001).	Furthermore,	they	exhibited	a	higher	prev-
alence	 of	 selective	 upper	 limb	 impairment	 (64%)	 upon	 enrolment,	
in	contrast	to	patients	with	MMN	(33%)	(p = 0.0897).	Patients	with-
out	a	confirmed	diagnosis	more	frequently	had	increased	anti-	GM1	
IgM	antibodies	and	less	frequently	MRI/US	abnormalities,	but	none	
of these differences was significant. No significant difference was 
observed between the two groups regarding the frequency of in-
creased	CSF	proteins.	Only	four	patients	with	a	confirmed	diagnosis	
had	a	CSF	protein	elevation	of	≥1 g/L.

Across	all	84	patients	 in	 the	cohort,	a	 total	of	seven	out	of	11	
(64%)	tested	patients	had	a	positive	brachial	plexus	MRI.	Amongst	
them,	five	patients	exhibited	heightened	signal	intensity	on	the	T2-	
weighted images of the brachial plexus. Two other patients demon-
strated	a	more	focal	increase	in	signal	intensity	on	the	T2-	weighted	
images,	localized	in	the	axilla	and	ventral	rami	of	the	C6,	C7	and	C8	
roots.	Contrast	enhancement	was	observed	in	two	patients.	Six	pa-
tients showed plexus hypertrophy. The distribution of MRI abnor-
malities was asymmetrical in all patients and corresponded with the 
distribution	of	their	reported	symptoms.	Nerve	US	yielded	positive	

F I G U R E  2 Alluvial	diagram	illustrating	the	change	in	diagnosis	using	the	EFNS/PNS	and	the	AAEM	diagnostic	criteria	for	MMN	in	real	life.	
AAEM,	American	Association	of	Electrodiagnostic	Medicine	diagnostic	criteria	for	MMN;	EFNS/PNS,	European	Federation	of	Neurological	
Societies/Peripheral	Nerve	Society	diagnostic	criteria	for	MMN;	MMN,	multifocal	motor	neuropathy.
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results	 in	12	out	of	16	 (75%)	 tested	patients	of	 the	entire	cohort.	
In all cases, the examination revealed the presence of at least one 
nerve	affected	by	a	focal	increase	in	cross-	sectional	area	outside	the	
sites of nerve entrapment. In three patients, the examination also 
indicated	an	increased	size	of	the	nerve	roots.	These	changes	were	
consistently unilateral or asymmetric across all patients and corre-
sponded with the distribution of their reported symptoms. There 
were no significant differences in the frequency of abnormal bra-
chial	plexus	MRI	or	nerve	US	between	patients	with	MMN	and	those	
with an unconfirmed MMN diagnosis (Table 1).

The	vast	majority	of	MMN	patients	(60/68,	88%)	improved	with	
IVIg therapy. Conversely, none of the nine patients with uncon-
firmed MMN diagnosis, treated with IVIg, showed a clear response 
to therapy (p = 0.0001).	Fifty-	three	patients	(78%)	received	ongoing	
IVIg maintenance treatment at the time of this study. The median 
duration	of	maintenance	treatment	was	8 years	(range	0–35).	Fifteen	
patients	(22%)	did	not	receive	maintenance	treatment	due	to	either	
no beneficial effect (eight patients) or a stable disease course with-
out	 treatment	 (seven	 patients).	 Most	 patients	 (16/25,	 64%)	 with	
MMN	were	reported	to	stabilize	after	treatment	with	subcutaneous	
immunoglobulin, which was administered to all patients following 
improvement	 from	 IVIg	 therapy,	 whilst	 seven	 patients	 (28%)	 re-
ported further improvement and two patients deteriorated. Three 
of	 the	 eight	 (37.5%)	 treated	 patients	 improved	 after	 therapy	with	

intravenous or oral cyclophosphamide. This treatment was admin-
istered	to	all	with	the	goal	of	reducing	the	IVIg	dose.	After	oral	ste-
roid therapy, one out of five patients demonstrated improvement. 
Amongst	 the	15	patients	who	 received	alternative	 immune	 thera-
pies, including rituximab (n = 7),	cyclosporin	(n = 3),	plasma	exchange	
(n = 2),	azathioprine	(n = 1),	interferon	(n = 1)	and	methotrexate	(n = 1),	
none showed improvement (Table 1).

Within	the	group	of	patients	with	definite	MMN	(n = 22),	addi-
tional diagnostic examinations were required by the treating physi-
cian	in	13	(59%)	patients,	including	anti-	GM1	IgM	antibodies	in	12	(of	
which	five	[42%]	resulted	positive),	CSF	examination	in	five	(of	which	
none	had	increased	proteins),	nerve	US	in	three	(all	of	which	resulted	
diagnostic) and brachial plexus MRI in one (which resulted diagnostic) 
(Table 2).	Within	the	group	of	patients	with	probable	MMN	(n = 29),	
20 patients had two or more nerves with probable CB, whilst nine 
patients had one nerve with probable CB and at least two support-
ive	criteria	 including	response	to	IVIg	in	eight,	 increased	anti-	GM1	
IgM	antibodies	in	four,	increased	CSF	proteins	in	four,	and	abnormal	
nerve	MRI	 in	 three.	Additional	diagnostic	 investigations	were	also	
required	in	15	(75%)	of	the	20	patients	with	probable	MMN	who	had	
two	or	more	nerves	with	probable	CB.	Within	the	group	of	patients	
with possible MMN (n = 22),	all	met	the	clinical	criteria	in	at	least	two	
nerves and exhibited a positive response to IVIg treatment. In 13 
(59%)	patients	with	possible	MMN,	additional	 ancillary	 tests	were	

TA B L E  1 Clinical	features	of	the	included	patients	with	MMN	and	unconfirmed	MMN	diagnosis.

MMN Unconfirmed MMN diagnosis p value

Number of patients 73 11

Gender, male/female (ratio) 49/24 (2:1) 7/4	(1.7:1) ns

Age	at	inclusion,	years,	mean	(range) 54	(31–85) 51.5	(31–73) ns

Age	at	onset,	years,	mean	(range) 42	(21–68) 37	(21–54) ns

Disease duration, years, mean (range) 12	(0.4–35) 2	(0.4–3) 0.0001

Definite/probable/possible MMN 22/29/22 ns

ONLS	at	inclusion,	mean	(range) 3.3	(0–9) 3.0	(0–8) ns

MRC at inclusion, mean (range) 53.9	(30–60) 55.1	(43–60) ns

Limb impairment at onset, upper/lower/upper and lower 46/17/10 10/1/0 ns

Limb impairment at inclusion, upper/lower/upper and lower 24/2/46a 7/0/3a ns

Positive	anti-	GM1	IgM/tested 24/39	(62%) 7/8	(87%) ns

Increased	CSF	proteins/tested 12/26	(46%) 2/4	(50%) ns

Increased	CSF	proteins	≥1 g/L 4/24	(17%) 0/4	(0%) ns

Abnormal	US	and/or	MRI/tested 12/17	(71%) 2/6	(33%) ns

Improved after IVIg/treated 60/68	(88%) 0/9	(0%) 0.0001

Improved	after	ScIg/treated 7/25	(28%) 0/2	(0%) ns

Improved after cyclophosphamide/treated 3/8	(37%) 0/0 na

Improved after steroids 1/5	(20%) 0/0 na

Improved after other therapiesb 0/15	(0%) 0/0 na

Abbreviations:	CSF,	cerebrospinal	fluid;	IgM,	immunoglobulin	M;	IVIg,	intravenous	immunoglobulin;	MMN,	multifocal	motor	neuropathy;	
MRC,	Medical	Research	Council;	MRI,	magnetic	resonance	imaging;	na,	not	available;	ns,	not	significant;	ONLS,	Overall	Neuropathy	Limitations	Scale;	
ScIg,	subcutaneous	immunoglobulin;	US,	ultrasound.
aNot reported in one.
bRituximab	(7),	cyclosporin	(3),	plasma	exchange	(2),	azathioprine	(1),	interferon	(1),	methotrexate	(1).
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performed	to	confirm	diagnosis,	including	anti-	GM1	IgM	antibodies	
in	12	 (of	which	 eight	 [67%]	 resulted	positive),	CSF	examination	 in	
seven	(of	which	five	[71%]	had	increased	proteins),	nerve	US	in	four	
(of	which	three	[75%]	resulted	diagnostic)	and	brachial	plexus	MRI	
in	 two	 (of	which	one	 [50%]	 resulted	diagnostic)	 (Table 2). Overall, 
amongst	the	73	patients	with	confirmed	MMN,	anti-	GM1	IgM	an-
tibodies	were	increased	in	24	of	the	39	(61%)	patients	tested,	CSF	
proteins	were	increased	in	12	of	the	26	(46%)	examined	patients	and	
MRI	was	found	to	be	abnormal	in	four	of	the	eight	(50%)	examined	
patients.	Nerve	US	was	performed	in	12	patients	and	resulted	diag-
nostic	in	10	(83%).

In Table 2, the clinical and laboratory findings and response to 
therapy of the patients with definite, probable or possible MMN are 
compared. There was no significant difference between the groups 
of patients besides a higher proportion of men amongst patients 
with possible compared to probable MMN (p = 0.0155),	whilst	none	
of the other differences was significant.

DISCUSSION

Our study showed that the current diagnostic criteria proposed by 
the	EFNS/PNS	were	not	strictly	used	in	our	series	of	patients	with	
MMN.	In	a	non-	negligible	proportion	of	patients	(17%),	the	treating	
physicians	recorded	only	the	CMAP	amplitude	data,	neglecting	the	
CMAP	area	data	as	required	by	the	EFNS/PNS	criteria.	This	might	

be	explained	by	the	fact	that	the	criteria	of	the	AAEM,	unlike	those	
of	the	EFNS/PNS,	also	consider	CMAP	amplitude	reduction	to	de-
fine CB [6–8].	When	applying	the	criteria	for	CB	established	by	the	
AAEM	to	our	cohort,	an	additional	17%	of	patients	fulfilled	the	cri-
teria	for	a	probable/definite	diagnosis.	However,	a	 further	9.5%	of	
patients did not meet the diagnostic criteria. This comparison must 
consider the fact that, in some patients, the area data were not re-
corded by the treating physician, preventing a direct sensitivity com-
parison between the two sets of criteria. Nevertheless, the results 
illustrate	the	real-	life	application	of	both	sets	of	criteria.

In	our	cohort,	patients	not	meeting	the	EFNS/PNS	diagnostic	cri-
teria for MMN had a significantly shorter disease duration compared 
to patients with a confirmed MMN diagnosis. Moreover, two newly 
diagnosed patients were included in the database before undergoing 
IVIg treatment. It is conceivable that, over time, the diagnosis may 
be substantiated in some of these patients through the discovery 
of new CB in nerve segments that previously did not show any evi-
dence of CB or by demonstrating a response to IVIg.

In	the	EFNS/PNS	criteria,	the	choice	to	define	CB	as	a	decrease	
of	CMAP	area	was	based	on	studies	in	animal	models	using	computer	
modelling	of	CB	and	 temporal	dispersion	 showing	 that	up	 to	50%	
area	reduction	of	the	proximal	to	distal	CMAP	can	be	due	entirely	to	
interphase cancellation [17].	Similar	studies	in	man	have	shown	that	
distal	CMAP	duration	and	proximal	CMAP	duration	prolongation	are	
important factors for the definition of CB [18].	The	EFNS/PNS	cri-
teria acknowledge a limited amount of evidence in relation to these 

TA B L E  2 Comparison	of	the	patients	with	definite,	probable	or	possible	MMN.

Definite MMN Probable MMN Possible MMN p value

Number 22 29 22

Gender, male/female (ratio) 15/7	(2.1:1) 15/14	(1.1:1) 19/3 (6.3/1) 0.0155a

Age	at	inclusion,	years,	mean	(range) 53	(36–85) 54	(35–85) 55	(31–70) ns

Age	at	onset,	years,	mean	(range) 40	(22–68) 43	(25–63) 41	(21–65) ns

Disease duration, years, mean (range) 13	(0.5–35) 10	(1–30) 13	(0.4–32) ns

ONLS	at	inclusion,	mean	(range) 3.0	(1–6) 3.6	(1–9) 3.1	(0–7) ns

MRC at inclusion, mean (range) 54.2	(46–60) 53.2	(30–60) 53.9	(33–60) ns

Limb impairment at onset, upper/lower/upper and lower 16/6/0 15/7/7 15/4/3 ns

Limb impairment at inclusion, upper/lower/upper and lower 5/0/16b 9/1/19 10/1/11 ns

Positive	anti-	GM1	IgM/tested 5/12	(42%) 11/15	(73%) 8/12	(67%) ns

Increased	CSF	proteins/tested 0/5	(0%) 7/14	(50%) 5/7	(71%) ns

Increased	CSF	proteins	≥1 g/L/tested 0/5	(0%) 1/14	(0.7%) 3/7	(43%) ns

Abnormal	US	and/or	MRI/tested 4/4	(100%) 4/8	(50%) 4/5	(80%) ns

Improved after IVIg/treated 14/17	(82%) 24/29	(83%) 22/22	(100%) ns

Improved	after	ScIg/treated 1/6	(17%) 2/11	(18%) 4/8	(50%) ns

Improved after cyclophosphamide/treated 0/2	(0%) 3/4	(75%) 0/2	(0%) ns

Improved after other therapies/treated 0/4	(0%) 0/5	(0%) 0/6	(0%) ns

Abbreviations:	CSF,	cerebrospinal	fluid;	IgM,	immunoglobulin	M;	IVIg,	intravenous	immunoglobulin;	MMN,	multifocal	motor	neuropathy;	MRC,	
Medical	Research	Council;	MRI,	magnetic	resonance	imaging;	ns,	not	significant;	ONLS,	Overall	Neuropathy	Limitations	Scale;	ScIg,	subcutaneous	
immunoglobulin;	US,	ultrasound.
aProbable	vs.	possible	MMN.
bNot reported in one.
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aspects [6]. Furthermore, as of now, no studies have conducted a 
comparative	analysis	of	the	diagnostic	accuracy	between	the	EFNS/
PNS	and	AAEM	criteria	for	MMN.

The additional diagnostic investigations recommended by the 
EFNS/PNS	guidelines	played	a	valuable	 role	 in	enhancing	 the	ac-
curacy of the diagnosis in our cohort, with sensitivities ranging 
from	46%	 to	61%.	Notably,	 the	 anti-	GM1	 IgM	antibodies	proved	
to	be	particularly	effective,	displaying	a	sensitivity	of	61%.	The	fre-
quent detection of these antibodies in patients not meeting the 
EFNS/PNS	criteria	in	our	cohort	could	be	attributed	to	a	potential	
selection bias, considering the inclusion of patients with criteria 
supporting the diagnosis in the absence of a diagnostic nerve con-
duction study, and taking into account the relatively low specificity 
of these antibodies [19, 20].

Whilst	the	utilization	of	MRI	in	our	cohort	was	limited,	probably	
due to availability constraints, it still contributed to refining diag-
noses in a subset of patients. Our results do not confirm the ob-
servations made by Beecher and coauthors who noted the absence 
of hypertrophy in the brachial plexus amongst MMN patients, with 
its	occurrence	solely	in	patients	with	Lewis−Sumner	syndrome	[21]. 
Notably, the average disease duration in the seven patients with a 
positive	MRI	(mean	5 years,	range	1–12)	still	leaves	the	possibility	of	
progression	to	Lewis−Sumner	syndrome,	based	on	previous	obser-
vations by other authors [20].

Although	not	recommended	by	the	EFNS/PNS	guidelines,	nerve	
US	demonstrated	remarkably	high	sensitivity	(83%).	This	underlines	
the	potential	of	nerve	US	as	a	supplementary	diagnostic	tool	for	the	
diagnosis of MMN [15,	16].

The	EFNS/PNS	criteria	for	MMN	recommend	ancillary	tests	to	
support the diagnosis solely in patients with probable CB [6]. Our 
study shows that a significant proportion of patients (41 out of 64, 
64%)	underwent	additional	testing	beyond	the	EFNS/PNS	guidelines	
[6]. Given the absence of studies assessing the diagnostic accuracy 
of	the	EFNS/PNS	electrophysiological	criteria	for	MMN,	the	appro-
priateness of these supplementary tests for patients already meet-
ing the electrophysiological criteria remains uncertain.

It	 is	perhaps	worth	making	a	distinction	between	non-	invasive	
examinations,	such	as	anti-	GM1	antibody	testing	or	MRI,	and	more	
invasive	procedures	like	CSF	analysis.	Moreover,	a	distinction	should	
be drawn between performing additional investigations in patients 
with a definite MMN diagnosis based on the electrophysiological 
criteria and those meeting only the criteria for a possible diagno-
sis.	For	the	latter	group,	the	EFNS/PNS	guidelines	recommend	IVIg	
treatment responsivity as the sole diagnostic supportive criterion 
[6]. Given the considerable cost of IVIg therapy, advocating for addi-
tional diagnostic tests before treatment initiation seems reasonable. 
Furthermore, the administration of IVIg treatment, in the absence 
of a confirmed diagnosis, could potentially lead to reimbursement 
issues.

Our study confirms the limited treatment options for MMN 
patients [5,	 6].	 Amongst	 the	 seven	 patients	 subjected	 to	 ritux-
imab treatment, none exhibited a favourable response. Responses 
to	 cyclosporin,	 plasma	 exchange,	 azathioprine,	 interferon	 and	

methotrexate were not observed, although administered to a limited 
subset	of	patients.	Notably,	in	our	cohort,	37%	of	patients	(three	out	
of eight) receiving cyclophosphamide treatment showed improve-
ment. Cyclophosphamide was not recommended by one group of 
experts	because	concern	exists	about	its	short-		and	long-	term	tox-
icity and lack of evidence of efficacy in MMN [22]. This study also 
confirms that IVIg therapy is effective in most patients with MMN 
[6, 23] and that subcutaneous immunoglobulin is mainly effective 
in maintaining the improvement achieved with IVIg [6,	24,	25], al-
though some patients may develop increasing weakness [25]. It re-
mains a possibility that the response rate to IVIg could have been 
higher if assessed in all patients after cumulative doses of IVIg or 
with higher IVIg doses.

The main limitation of this study is its retrospective nature with 
information collected from medical charts and by clinical history 
using	a	 structured	questionnaire.	Also	 the	presence	of	 selection	
bias cannot be excluded as, compared with the general population, 
patients seen in our centres might be more complex cases. It is 
also possible that this study is only representative of the Italian 
population and might not be extended to other populations. The 
study	provides,	however,	 real-	life	data	on	 the	current	diagnostic	
strategy and management of patients with MMN in Italian cen-
tres	with	expertise	 in	 immune-	mediated	neuropathies.	 It	also	al-
lows for the assessment of the usefulness and challenges of the 
currently	employed	diagnostic	criteria	within	a	real-	world	clinical	
practice setting.
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