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Conduction block: the origins

20 relapses without atrophy

• CB was associated with 
demyelination across the 
compressed nerve segment 

• Return of conductivity was  
associated with reappearance 
of thin myelin coat

• No muscle atrophy   



Louis-Antoine Ranvier 
(1835-1922)

The node of  Ranvier 

“Les étranglements annulaires”,1871

The domains of  the myelinated fibre

node

When botany meets anatomy

Uncini et al. 2022

Nodes and 
internodes:
when botany meets  
anatomy and 
misleading terms  
are coined 

…. are 
costrictions  
not knots…
(Ranvier)



The beginning of  the my journey 

Austin J. Sumner

The intraneural injection model 

• 1984: Congress of the Italian 
Socity of EEG and Clinical 
Neurophysiology, Lipari

• 1985: Peripheral Nerve 
Laboratory of Pennsylvania 
University, Philadelphia  

• 1986: Neurological Institute of 
Columbia University, New York   

Lewis P. Rowland  
(1925-2017)

Norman Latov



Conduction block and temporal dispersion 
in acute demyelination 

EM at 6 hours

EM at 11 days

CB is the correlate of  acute paranodal 
demyelination
TD and very slow CV are the correlates of  
remyelination  



Conduction Block

Abnormal Temporal Dispersion

AIDP
CIDP

EAN

Demyelination is the pathological basis of CB 



Nodal targets in GBS and CIDP
100 GBS and 50 CIDP sera (Devaux et al. 2012):
• IgG from sera of 43% of GBS and 30% of CIDP pts bound at the node and/or paranode of rat sciatic nerve
• NF186, gliomedin, and contactin were identified as targets of autoantibodies in some pts 

Nodal binding Paranodal binding

Devaux et al. 2012 

Uncini et al. 2022



day 7

day 30 

day 98

day 270

5 mV
5 ms

Median nerve  

Neuropathy with Ab anti-Neurofascin 186 and 140

Eletrophysiology: 
• long lasting CB without TD                     
• DMLs: 142-146% ULN
• CVs: 47-50% LLN
• long lasting CB without TD

Clinical features:
5 pts reported (Delmond et al. 2017)
1 other pt showed (Vallat et al. 2018): 
• acute onset
• sensorimotor neuropathy evolving to tetraplegia 
• respiratory insufficiency requiring invasive ventilation
• chronic course with no response to  IVIg, PE,                          

IV steroids 
• at  4 months started improvement
• at 9 months almost complete recovery   

Vallat et al. 2018

Nadir

Patient’s IgG3 bind to the node 
of mouse sciatic nerve fibers 

Serology
IgG3 Ab anti-NF186 and -NF140 
activating  complement 



Vallat et al. 2018

Normal  
Patient with ab 
to NF186/140

NF186 
mutant mouse

Thaxton et al. 2011

• Loss of SC microvilli
• Decreased nodal length till to complete occlusion 

by extension of SC cytoplasm 
• No evidence of demyelination
• No inflammatory infiltrates
• In mutant mouse: nodal disorganization with loss 

of Nav channels and Ankirin

Normal mouse  

Uncini et al. 2022

How to explain slow CV in neuropathies without demyelination? 



• 4 healthy volunteers
• 20 ml 0.5% lidocaine i.v. 
• Rapid decrease CMAPs and 

SAPs
• Increased latencies and 

decreased CVs (by 20-30 m/s)  
in the fibers not blocked 

Can Nav channel loss explain slow conductions? 

Yokota et al. 1994

SAP amplitude

SAP  latency

Single MUP recording

Nav loss (or inactivation) increases the nodal delay and, if occurring in many 
sequential nodes, can induce conduction slowing even in the «demyelinating» range 

Nodal depolarization time

Internodal time

Modified from Rasminsky and Sears 1972

CV is mainly due to
nodal depolarization time



Ab anti-Contactin1 and -NF155 in CIDP (Querol et al. 2013, 2014)

• axonal loss and degeneration
• regenerating fibers
• only few thinly myelinated fibers
• no onion bulbs
• no inflammatory infiltrates 

Sural biopsy (Doppler et al. 2015)

Electrophysiology:

• DML= 161-423% ULN       
• CV= 26-62% LLN 
• F latency= 146-321% ULN
• Infrequent CB and TD
• CMAP amplitudes

Devaux et al.  2016

• ~10% patients diagnosed 
as CIDP

• Ab are predominatly or 
exclusively IgG4

Uncini et al. 2021



• lack of tranverse bands
• detachment of terminal myelin loops
• lengthening of nodes
• widening of periaxonal space 
• cellular processes interposed between myelin loops and axon

Normal

Koike et al. 2017

Patients with anti-NF155 ab have paranodal disruption but not segmental de-remyelination 

Anti-NF155 ab



Biophysical effects of  paranodal junction dismantling

Terminal myelin loop detachment  induces:

• nodal lengthening      nodal capacitance with dilution of the driving current 

over a larger surface 

• periaxonal space     paranodal transverse resistance, with      leakage, 

radial shunting, and backflow of current

• extension of Kv channels at paranode shifts membrane polarization to 

more negative values 

nodal time to generate AP

conduction slowing

if the safety factor is <1

conduction failure

Uncini et al. 2022

These effects are similar to true paranodal demyelination  



Autoimmune neuropathies are classified in demyelinating and axonal
How should we classify: 
1) neuropathies with Ab to NF186 showing:
• CB and conduction slowing in the «demyelinating range»
• nodal disorganization with loss Nav channels and no demyelination

2) neuropathies with Ab to paranodal junction components:
• with «demyelinating electrophysiology»
• paranodal dismantling/disruption but no segmental demyelination 
• with small or no inflammatory infiltrates and with IgG4 antibodies that do 

not activate complement or machrophages by Fc receptor

?

?

These neuropathies could be better 
characterised as nodopathies and                               

paranodopathies with specific antibodies 



Acute motor axonal neuropathy (AMAN)

Hafer-Macko et al.1996, Griffin et al. 1996

MCV SCV

AMAN electrodiagnostic criteria (Ho et al. 1995, Hadden et al. 1998)   
• no evidence of demyelinating fatures
• distal CMAP amplitude < 80% LLN in at least 2 nerves 

Lugaresi et al. 1997

Median Nerve 

Target antigens: 
GM1, GD1a

Pathology:
• axonal degeneration
• little or no demyelination



Besides axonal degeneration AMAN is characterized by a transient impared 
impulse conduction at the node, possibly due to anti-ganglioside antibodies, 
named Reversible Conduction Failure 

Kuwabara et al.1998

Normal 

AMAN

Paradoxes in AMAN

Griffin et al. et al.1996

Severely paralyzed 
fatal cases show few 
degenerating fibers 

and lengthened nodes 

Some pts wit anti-GM1 ab 
improve and recover much 

faster than expected in 
axonal degeneration

CB promptly resolves 
without TD

No TD 



GM1 is enriched at  the axolemma of  nodal region and abaxonal paranodal myelin

Patients’ sera containing anti-GM1Ab bind to the node and 
paranode of rat sciatic nerve and when addition with fresh 
complement induce a transient conduction block 

Uncini et al. 1993

Uncini et al. 2022



• Immunostaining of Caspr and NF155 
are attenuated 

• Transverse bands are lacking and paranodal  
loops fail to attach to the axolemma 

• Nav channels clusters are broadened
• Kv channels are mislocated in the paranode

Effects of  GM1 and GD1a ablation in mice

Gangliosides contribute to the stability of  paranodal junction 
and ion channel clusters

Susuki et al 2007

WT

GalNAc-T -/-



• 47% of pts with axonal GBS show RCF in at least two nerves
• RCF is an «a posteriori» diagnosis that can be made only by serial studies

Reversible conduction failure in axonal GBS

Uncini et al. 2010, 2017

Isolated absent F waveRCF distal RCF intermediate RCF distal and intermediate 

DML 2.9 ms

DML 5.7 ms

DML 7.2 ms

61 m/s
57 m/s

20 m/s
26 m/s

19 m/s
16 m/s

Ulnar nerve

AIDP



RCF in median nerve motor and sensory fibres
MCV

SCV
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Immunopathological and electrophysiological correlates in AMAN

Uncini and Santoro 2020

Causes of  conduction failure

Nodal widening  and K+ channels exposure

Uncini and Kuwabara 2015

Cascade leading to axonal degeneration  



• 120 pts with serial conduction studies
• Because of recognition of RCF 22-38% pts changed classification after serial conduction studies mainly from 

AIDP and Equivocal diagnosis to AMAN

Practical implications are:
 Electrodiagnostic criteria sets based on a single test are inadequate
 The lack of distinction between RCF and demyelinating CB leads to fallaciously classify AMAN patients with 

RCF as AIDP
 The lack of documentation of distal RFC may lead, on the basis of a single test showing reduced distal CMAP 

amplitudes, to erroneously formulate a bad prognosis

The electrophysiology of  GBS is dynamic



Autoimmune neuropathies are classified in demyelinating and axonal

How should we classify acute axonal neuropathies with Ab to gangliosides and:
• RCF and some «demyelinating-like» electrophysiological features 
• dysfunction/disruption of the node and paranode without segmental demyelintion 
• prompter clinical and electrophysiological recovery than expected from axonal

degeneration 

?

These neuropathies could be better 
characterised as nodo-paranodopathies               

with specific antibodies 



• “Isaacs syndrome”  or Neuromyotonia (NMT) is the result of motor nerve 
hyperexcitability

• NMT is characterized by fasciculations, muscle stiffness, cramps and 
pseudomyotonia

• Pain and paraesthesias are frequent and, in some pts, distal sensory loss is 
found 

• ENMG shows: fasciculations, myokymic and NMT discharges and repetitive 
firing of potentials after electrical nerve stimulation.

• Some patients have reduced CMAP and SNAP amplitudes and EMG shows 
high amplitude, complex, MUPs and reduced recruitment indicating axonal loss 

Tibial ankle

Afterdischarges

IgG1 or IgG4 anti-Caspr2 have been reported in NMT



Kv channels
Juxtaparanodal Kv1.1/Kv1.2 channels:  
• are concealed under the myelin sheath 
• are anchored  to axolemma and clustered by Caspr2 and 

TAG1
• act as current stabilizer mantaining the resting potential  along 

the entire axon (Chiu and Ritchie 1984) and as current damper 
impeding the re-excitation of  node (Vabnick et al. 1999)

• in K1.1 knockout mice the stimulated axon backfires after 
stimulation (Chiu et al. 1999) 

• backfiring occurs in the myelinated segment just proximal to 
the transition zone with the unmyelinated  nerve terminal 

Malfunction of Kv channels well explains peripheral 
nerve hyperexcitability 

NMT can be classified as an juxtaparanodopathy                         
with anti-Caspr2 ab   

Muscle

Nerve

Chiu et al. 1999



What about AIDP and CIDP?

AIDP, CIDP and its subtypes (LSS, DADS….): 
• Target antigens are still unidentified
• AIDP and CIDP show, during the disease course, 

similar electrophysiological features (CV slowing, CB, 
abnormal TD) 

• AIDP and CIDP share common pathologic features 
such as segmental de-remyelination and infiltrates of  T-
cells and macrophages

• In AIDP and CIDP macrophage-mediated demyelination 
may involve the internode or the paranode. These two 
modalities usually coexist, although in some patients 
one appears predominant (Koike et al. 2018, 2020) 

(Koike et al. 2018) 



AIDP CIDP

AIDP and CIDP are demyelinating 
para-internodopathies

Uncini et al. 2022



The sectorial/antigenic classification of  autoimmune neuropathies

Uncini et al. 2022


