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Polyneuropathy: dysfunction or disease 
of many or all peripheral nerves

(D. Preston “Electromyography and 

Neuromuscular Disorders)



Pathologic classification of neuropathic 
disorders:
1. Neuronopathies (pure sensory or pure motor or autonomic):

a. Sensory neuronopathies (ganglionopathies)

b. Motor neuronopathies (motor neuron disease)

c. Autonomic neuropathies

2. Peripheral neuropathies (usually sensorimotor):

a. Myelinopathies

b. Axonopathies

Large- and small-fiber

Small-fiber

a. Nodopathies



Sensory fibers:

• Large fibers – mediate vibration, proprioception and touch

• Small fibers – convey pain and temperature sensations



D. Preston “Electromyography and
Neuromuscular Disorders”

Negative: lack of function

Positive: abnormal function or 
overfunctioning



3-6-10-step clinical approach to neuropathy:

Barohn&Amato; Neurol Clin 31 (2013) 343–361:

1. 3 goals

2. 6 key questions (from the history and physical)

3. 10 phenotypic patterns



Polyneuropathy investigation - goals:

1. Determine anatomic and physiologic locations (based on clinical 
and electrodiagnostic findings).

2. Determine etiology (see recommended laboratory assessment 
based on phenotypic patterns).

3. Determine treatment.

(Barohn&Amato; Neurol Clin 31 (2013) 343–361

M. Arnold; Phys Med Rehabil Clin N Am 29 (2018) 761–776)



Barohn&Amato; 
Neurol Clin 31 (2013) 343–361



Clinical Patterns of Neuropathic Disorders
Weakness

PATTERN

Proximal Distal Asymm Symm Sensory

Symptoms

Severe 

Proprioceptive

Loss

UMN

Signs

Autonomic

Symps/Signs

Diagnosis

NP1 - Symmetric prox & 

distal weakness w/sensory 

loss

+ + + + GBS/CIDP

NP2 - Distal sensory loss 

with/without weakness

+ + + CSPN, metabolic, diabetes, 

drugs, hereditary, DADS

NP3 - Asymmetric distal 

weakness with sensory loss

+ + + Multiple – vasculitis, HNPP, 

MADSAM, infection

Single - Mononeuropathy, 

radiculopathy

NP4 - Asymmetric prox & 

distal weakness w/sensory 

loss

+ + + + Polyradiculopathy, plexopathy, 

DLSRP, cancer, idiopathic, 

infection

NP5 - Asymmetric distal 

weakness w/out sensory loss

+ + +/- + UMN – ALS/PLS

- UMN – MMN

NP6 – Symmetric sensory 

loss & upper motor neuron 

signs

+ + + + + B12/Copper defic; 

Friedreich’s, 

ALD

NP7 - Symmetric weakness 

without sensory loss*

+\- + + Prox & Distal 

SMA

Distal 

Hereditary motor neuropathy

NP8 - Focal midline proximal 

symmetric weakness*

+ Neck/trunk 

extensor

or

+ Bulbar 

+ Diaphragm

+

+

+

+

ALS 

ALS/PLS

NP9 – Asymmetric 

proprioceptive loss w/out 

weakness

+ + + Sensory neuronopathy

(ganglionopathy)

CISP

NP10 – Autonomic 

dysfunction

+ Diabetes, GBS, amyloid, 

prophyria

*Overlap patterns with myopathy and NMJ disorders                                                                            Adapted from Barohn RJ, Amato AA,. Neurol Clin 2013;31(2):343-361                              
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Case #1 - Interesting Case from NM:
• 80 yo native New Mexican M 

• Rash on extremities, trunk, back x 5-6 years – inconclusive w/up by 2 
Dermatologists (2 skin biopsies, some abnormalities but was told no 
infection).

• Numbness, tingling, paresthesias to b/l distal extremities x 4 years

• Difficulty opening both hands, weakness

• Multiple falls, left foot drop 

• PMH: Parkinson's, BPH, spinal stenosis

• PSH: L4-5 decompressive laminectomy (chronic RLE pain since 2014)

• Worked internationally for Health Organization x 30 years 

• Largely lived in Mexico, Brazil; last travel outside USA in 2009 

• Previous residence also in Florida, Baltimore, California



Physical Exam:
• Neck flexors                           (R): 5  (L): 5                           

• Neck extensors                      (R): 5  (L): 5

• Deltoid:                                   (R): 5  (L): 5

• Biceps:                                    (R): 5  (L): 5

• Triceps:                                   (R): 5  (L): 5

• Wrist extensors:                    (R): 5  (L): 5

• EDC:                                        (R): 4+  (L): 4+

• EIP  3/5 bilaterally

• FPL and FDP:                          (R): 5    (L): 4

• Abductor digiti minimi:        (R): 2  (L): 2

• First dorsal interosseous:     (R): 4- (L): 4-

• Abductor Pollicis Brevis:       (R): 4- (L): 4-

• Hip Flexors:                           (R): 5  (L): 5

• Quadriceps:                           (R): 5  (L): 5

• Hamstrings:                           (R): 5  (L): 5

• Tibialis anterior:                    (R): 4  (L): 3

• Medial gastrocnemius:        (R): 5- (L): 5-

• EHL:                                         (R): 1  (L): 1

• Triceps:                                  (R): 2+  (L): 2+

• Biceps:                                   (R): 2+  (L): 2+

• Brachioradialis:                    (R): 2+  (L): 2+

• Patellar:                                 (R): 2+  (L): 2+

• Achilles:                                 (R): absent  (L): absent

• Hoffman:                               (R): absent  (L): absent

• Babinski:                                (R): mute  (L): mute 

• Vibratory sense:
• Decreased in bilateral toes and hands
• Normal in both knees and elbows 

• Pinprick sense by dermatomes:
• Decreased right C8 and bilateral T1
• Dull bilateral L4 and S1
• Sharp in bilateral L1, L2, L3, and L5
• Sharp in bilateral C5, C6, C7 and left C8

• Romberg test is positive

• Abnormal gait due to bilateral feet weakness

• He is able to get up without support from UEs

• He is able to walk on toes bilaterally without any problems

• He has significant difficulty walking on his heels

• He is able to do tandem without any significant loss of 
balance. 

• Tone, muscle bulk are normal in the upper and lower 
extremities except for atrophy seen in L>R hands



Non-pruritic, non-painful, erythematous, flat 
macular rash 



Non-pruritic, non-painful, erythematous, flat 
macular rash 



ELECTRODIAGNOSTIC TESTING:

• He had EMG and the nerve conduction study done by large academic 
center in beginning of 2015 that showed only old, inactive right L5 
radiculopathy (testing included normal NCS of peroneal motor to 
EDB, tibial motor to AH, normal sural sensory of 8 microvolts, and 
normal medial plantar nerve of 3 microvolts). Needle EMG showed 
large motor unit potentials in right L5 myotome (no fibrillations 
potentials).

• EMG/NCS of RLE in beginning of 2017 by outside local Neurologist 
revealed small peroneal and tibial motor amplitudes and 
unobtainable sural sensory response consistent with axonal 
sensorimotor polyneuropathy (also possible underlying chronic right 
L5 radic)



Hand contractures, weakness, paresthesias



No responses: b/l median s, 
ulnar s , superficial radial s
No responses: b/l ulnar m,  
radial m, R median m
L median m: 7.9 ms; 0.7/0.7 
mV; 45 m/s

No responses: b/l sural s
No responses: b/l peroneal m EDB, 
b/l tibial m
R peroneal m TA: 2.5 ms; 2.2/2.1 mV; 
44 m/s
L peroneal m TA: 2.6 ms; 0.9/0.6 mV; 
40 m/s
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ELECTRODIAGNOSTIC TESTING IN LEPROSY:

• Nerve conduction studies
• Early: Evidence of demyelination

• Distal latencies: Prolonged

• Conduction velocities

• Segmental slowing

• Especially across vulnerable sections: Ulnar nerve at elbow

• Conduction block: May be found with weakness

• Later: Axonal loss

neuromuscular.wustl.edu



• Clinical examination of enlarged nerves 
in leprosy patients is subjective and inaccurate

• Sonography provides an objective measure 
of nerve damage by showing increased 
vascularity, distorted echotexture and 
enlargement.

• This damage is sonographically more extensive 
and includes more nerves than clinically 
expected.





Bathala et al. PLOS 
July 2017









Chronic demyelinating polyneuropathies:

• Inherited

• Acquired

• Immune-mediated chronic demyelinating polyneuropathies

• Nonimmune chronic demyelinating polyneuropathies

• CIDP (Chronic inflammatory demyelinating polyradiculoneuropathy) is 
caused by acquired, immune-mediated demyelination of the nerves. 



CIDP:

• In 1958 Austin et al. in Brain described a group of corticosteroid 
responsive recurrent polyneuropathies

• They used the term “polyradiculoneuropathy”

• In 1975 Dyck PJ et al. in Mayo Clinic Proc. described 53 patients 
with “chronic inflammatory polyradiculoneuropathy or CIP”

• They described the diagnostic criteria, natural history, nerve 
conduction characteristics, pathology, laboratory features, and 
efficacy of corticosteroid treatment for 53 patients who were 
followed up for an average of about 7.5 years.

• In 1982 Dyck PJ et al. designated the disorder as “chronic 
inflammatory-demyelinating polyneuropathy (CIDP)”



CIDP – chronic inflammatory demyelinating 
polyradiculoneuropathy:

• Affects 1.0 to 8.9 persons per 100,000

• Can occur at any age, but most commonly between 40 and 60 years

• Onset during infancy and childhood has been repeatedly documented

• It is a syndrome with typical and atypical variants

• It is caused by cellular and humoral immunologic dysfunction



Diagnostic Criteria for CIDP:

• There is no single reliable biomarker for CIDP
• More than 15 sets of CIDP diagnostic criteria are available, including Albers 

and Kelly (1985); Barohn et al (1989); Ad hoc subcommittee of the AAN 
(1991, research criteria); Bromberg et al (1991); Saperstein et al. (2001); 
Koski et al. (2009). 

• Most commonly used are consensus derived the European Federation of 
Neurological Societies/ Peripheral Nerve Society (EFNS/PNS) criteria 
published in Journal of the Peripheral Nervous System in 2010 

• The EFNS/PNS criteria have favorable sensitivity and specificity compared 
with other criteria: 

• Sensitivity: Definite 73.2%, Probable 76.8%, Possible 91.1%
• Specificity: Definite 88.2%, Probable 84.2%, Possible 65.8 %



Diagnostic EFNS/PNS criteria for CIDP:

• Typical CIDP is a diagnosis that should be made based on clinical 
presentation and electrodiagnostic evidence (mandatory)

• Supportive evidence include lab evaluation, CSF, MRI, and nerve 
biopsy

• Recognizes many atypical forms of CIDP with slightly different clinical 
presentation



Typical CIDP:
• Patients present with relatively SYMMETRIC PROXIMAL AND 

DISTAL weakness and sensory dysfunction (numbness)

• Although pain and fatigue can occur, they should never be the 
defining clinical feature without motor and sensory deficits

• The disease course is steadily or stepwise progressive over at 
least 2 months, but can also be relapsing

• Up to 16% of patients have an acute GBS-like presentation 
(Acute CIDP variant with progression less than 2 months)

• In contrast with GBS, cranial nerves are rarely affected; 
respiratory or autonomic involvement is exceptional and there 
is no preceding infectious illness. 

• Neurological examination shows reduced or absent muscle 
stretch reflexes

• Electrophysiology shows generalized demyelinating features



DADS no MAG variant- Distal acquired demyelinating symmetric neuropathy without myelin-associated glycoprotein);  MADSAM –
Multifocal acquired demyelinating sensory and motor neuropathy

(from Neurology Continuum October 2017)



DADS:



DADS no MAG (without IgM Paraprotein)

• DADS without a paraprotein (no MAG) represents an atypical form 
of CIDP (distal presentation of CIDP)

• Defined as distal sensory neuropathy
• Clinical features: sensory loss plus ankle dorsiflexion and intrinsic 

foot muscle weakness with areflexia
• EDX: evidence of demyelination affecting motor as well as sensory 

nerve fibers
• Majority: CSF with high protein
• Key difference with CIDP is in the differential diagnosis, not in the 

treatment
• Key differential diagnosis is other length-dependent 

polyneuropathies (idiopathic and diabetic most common)
• Once diagnosed: Response to first-line treatment is similar to the 

response of typical CIDP



DADS with IgM Paraprotein (anti-MAG):

• This appears to be a distinct disorder

• Older age

• Mostly men

• IgM paraprotein

• Usually kappa light chains

• Autoantibodies to MAG in many of these cases

• Distal slowing on NCS

• Respond poorly to immune therapies



Diagnostic EFNS/PNS criteria for CIDP:

1. Clinical: typical and atypical CIDP

2. Electrodiagnostic: definite, probable and possible CIDP

3. Supportive; including CSF, MRI, nerve biopsy and treatment 
response

4. Categories: definite, probable, and possible CIDP

(Joint Task Force of the EFNS and the PNS,

Journal of the Peripheral Nervous System 15:1-9 (2010)

European Journal of Neurology 2010, 17: 356–363) 



Diagnostic EFNS/PNS criteria for CIDP:



Diagnostic EFNS/PNS criteria for CIDP:



Needle EMG:

• Routine needle EMG is less important than nerve conduction studies

• Documents axonal loss, but cannot distinguish primary vs secondary 
axonal loss



Diagnostic EFNS/PNS criteria for CIDP:



Diagnostic EFNS/PNS criteria for CIDP:



Exclusionary Neuropathies:



Diagnostic EFNS/PNS criteria for CIDP:



CIDP – Treatment (EFNS/PNS 
recommendations):

• IVIG (level A recommendation) or corticosteroids (level C recommendation) 
should be considered in sensory and motor CIDP in the presence of 
disabling symptoms

• IVIG should be considered as the initial treatment in pure motor CIDP 
(good practice point)

• If IVIG and corticosteroids are ineffective, plasma exchange should be 
considered (level A recommendation)

• The presence of relative contraindications to any of these treatments 
should influence the choice

• The advantages and disadvantages should be explained to the patient who 
should be involved in the decision making 



CIDP – Treatment (EFNS/PNS recommendations):

• If the first-line treatment is effective, continuation should be 
considered until the maxium benefit has been achieved and 
then the dose reduced to find the lowest effective maintenance 
dose

• If the response is inadequate or the maintenance doses of the 
initial treatment (IVIG, steroids, or PE) result in adverse effects, 
the other first-line treatment alternatives should be tried 
before considering combination treatments or adding an 
immuno-suppressant or immunomodulatory drug may be 
considered, but there is no sufficient evidence to recommend 
any particular drug



Misdiagnosis of CIDP:



Misdiagnosis of CIDP:



Diagnostic data for patients with and without 
CIDP:



Misdiagnosis of CIDP:



Case #2: Increased leg pain + abnormal gait:

• M in early 50ties presents with worsening of RLE pain and increased 
difficulty walking. 

• Long standing h/o HIV, on antiviral treatment (combination).

• Late 1990ties diagnosed by 3 universities with progressive multifocal 
leukoencephalopathy (PML) with right hemiparesis and ataxia.

• H/o abnormal CSF and abnormal brain MRI in 1990ties.

• Exam positive for bilateral hammertoes.



EMG/NCS (after adequate warming):





























A Pathogenic variant, Deletion (Entire coding sequence), was identified in PMP22.
A deletion of the entire PMP22 gene is associated with autosomal dominant 
hereditary neuropathy with liability to pressure palsies (HNPP).
Approximately one-fifth of affected individuals are found to have a de novo 
mutation.



Hereditary Neuropathy with Liability to 
Pressure Palsies (HNPP):
• Autosomal Dominant inheritance

• Mainly PMP22 gene deletion (rarely associated with PMP22 sequence 
alterations)

• Characterized by acute, painless, and recurrent mononeuropathies 
(provoking factors: minor trauma or compression)

• Electrophysiological pattern of HNPP: increased distal motor 
latencies; normal or mildly reduced conduction velocities of other 
segments of motor nerves; a diffuse reduction in sensory nerve action 
potential, and focal slowing at multiple sites of entrapment. 



• Nerve enlargement was often identified in the median, ulnar, and 
peroneal nerves at the typical sites of compression (the wrist, elbow, and 
fibular head, respectively) .

• None of the patients had nerve enlargement at a site of non-compression.

• None of the tibial nerves had increased CSA values at the malleolus.

• Although multiple nerve enlargements at typical entrapment sites were the 
main sonographic finding, some patients had a normal sonographic 
evaluation despite clinical and electrophysiological findings of HNPP. 

• Sonographic findings at entrapment sites showed similar features to 
those of idiopathic compression neuropathies.



• US nerve enlargements were only observed at sites where peripheral 
nerves tend to be entrapped in otherwise normal people, such as the 
carpal tunnel, the elbow, the fibular head and Guyon’s canal. This 
increased nerve CSA in common sites of nerve entrapment likely 
reflected the well-documented nerve vulnerability to mechanical 
stress in HNPP



• Conclusion: ultrasonography alone cannot be used as a diagnostic 
tool for HNPP. If there is diagnostic difficulty, ultrasonography may 
contribute to the differential diagnosis of HNPP and other 
demyelinating polyneuropathies in which diffuse nerve enlargements 
have been observed. 

• In addition, we usually observe a correlation between 
electrophysiological and sonographic findings in patients with 
compression neuropathies in our daily practice; if there is no such 
correlation in a patient who is being investigated for a compression 
neuropathy, or if multiple enlargements are seen at entrapment 
sites, then HNPP must be suspected.


