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Electrodiagnosis

* Nerve conduction study
— motor conduction study
— sensory conduction
study
— Fwave
— Hreflex

Nerve conduction study

— blink reflexes
— RNS
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— motor ne
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Disease duration
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Mixed
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Pathology

o ) Temporal course
(Implications for prognosis)

Axonal = Hyperacute
Demyelinating = Acute
== Subacule
Acquired  Inherited Ly Chroic

Localization
Neuropathy | NMJ disease Muscle
disease
Normal or  Axonopathy, Normal Normal
axonopathy demyelination
RNS Normal Normal Decremental, Normal
incremental
EMG
MUAP Increased Increased Normal Decreased
Recruitment  Reduced Reduced Normal Early
l { Myop } l
Distribution Pathology Temporal course
> Proximal Bland Acute
—> Distal Active denervation Subacute
> Generalized Myotonic discharges Chronic

> Bulbar

—» Symmetric/Asymmetric

- Severity of involvement




Distribution Pathology Etiology
Proximal
Generalized Pre-synaptic = Acquired
Bulbar Post-synaptic == [nherited
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Anatomy of peripheral nerve
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Saltatory conduction

Depolarized region
(node of Ranvier)

Myelin
sheath
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Table 2-1. Peripheral Nerve Classification Schemes

Diameter Conduction
Fiber Type(s) Name Subtype (mm) Velocity (m/s)
Myelinated Somatic Afferent/Efferent
Cutaneous afferent A B 6-12 35-7
§ 1-5 0
Muscle afferent A [ 12-21 80-120
p 6-12 35-75
b 1-5 5-30
Muscle efferent A 6-12 35-75
Anterior horn cells (e and y motor neurons)
Myelinated Autonomic Efferent
Preganglionic efferent B 3 3-15
Unmyelinated Somatic/Autonomic Afferent/Efferent
Postganglionic efferent © 0.2-1.5 1-2
Afferent to dorsal root ganglion (pain) C 0.2-1.5 1-2

Type of neuropathy

* Axonal degeneration
— wallerian degeneration
— dying-back degeneration
— neuronopathy

* Demyelination

Wallerian Degeneration

* Axonal degeneration
following transection of
nerve

* Axon separated from
neuron

— axonal degeneration in
distal portion (gradually)

* Nerve cell chromatolysis

— severe cases

Dying — back Axonal Degeneration

* Degeneration of distal axons
— metabolic abnormality

— failure of axon transport

* Degeneration from distal to
proximal part of long or

u |
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BRY iU N large axon
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columns

/ Lateral
corticospinal

/ tract

Dorsal
root

Dorsal root
ganglion

motor neuronopathy
Spinothalamic
tract

Ventral
root




Neuronopathy vs. Wallerian
degeneration
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Segmental demyelination

* Primary damage of myelin
sheath

* Beginning at nodes of
Ranvier

Diffuse, focal or multifocal
* Axon intact

Causes of polyneuropathy

Axonopathy

* Inflammatory or Immune
— GBS, vasculitis

* Toxic, metabolic
— Porphyria, CIP, DM, uremia
— B1 or B12 deficiency

- Amioéarone, vincristir?e, _ n-Hexane
arsenic, mercury, thallium )
— Amyloidosis — Hypothyroid
i * Infection

* Infection i .

— Lyme disease, HIV — Diphtheria, HIV
* Inherited : |”hzr"vtlse:jl

— HMSN Il -

Demyelination

* Inflammatory or immune
— GBS, CIDP
— Paraproteinemia

* Toxic, metabolic
— Amiodarone, lead

Direction of stimulation

* Orthodromic
— nerve action potentials
carried in physiological

direction

* Antidromic

— nerve action potentials
carried in direction
opposite to physiological
direction




Recording electrodes

Reference
Active
Cathode

Anode

Ground

Stimulating
Stimulating electrodes
electrodes

Stimulation
site

i
Wrist
Below
elbow

Above
elbow

-

] 5 mV
10 ms

Conduction velocity

Distal Proximal

Distance
Proximal latency — distal latency
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Stimulus

Duration
B e

Amplitude

Distal motor latency
CMAP amplitude
Conduction Block or
temporal dispersion
Motor nerve CV

F-wave latency

Sensory response

Normal or slightly
prolonged
Decreased

Not present

Normal or slightly
decreased
Normal or slightly
prolonged
Decreased or
absent

Type of NCS abnormality
| momalloss | Demyelination |

Prolonged

Normal

Present

Decreased

Prolonged

Decreased or absent

Stimulus

Amplitude

Duration
e T

Stimulus

Duration
<>




Stimulus

Duration
B T

Stimulus

Duration
|
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Nerve conduction velocity

Table 2-1. Peripheral Nerve Classification Schemes

Conduction velocity (m/s)

Diameter Conduction Alternative
Fiber Type(s) Name  Subtype (mm) Velocity (/) Classification
Myelinated Somatic Afferent/Efferent
Cutaneous afferent A p 6-12 35-75 o
) 15 5-30
Muscle afferent A « 12-21 80-120 1 la,Ib
p 6-12 35-75 1
5 1-5 5-30 1]
Normal
=
=
=
s
g
=
T T T T T T T T 1
35 50 65

Normal conduction velocity

Normal

35 50 65
Conduction velocity (m/s)
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Axonal loss — small fiber

Axonal loss — large fiber
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Demyelination

/ Schwann cell
> k)\ -l K __ Depolarized region
W, / T N (node of Ranvier)
Y \] AN\ =

Myelin
sheath

Prolonged distal latency
in demyelination

Conduction block in demyelination

S _
= S - =
= == _ Ulnar
— = I narve
. f N Normal
3.0 ms 55 mvs
Partial (+60%6)
conduction
block
L
3.0 mS 53 mvsS
Total (=100%)
conduction
block
L -
3.0 mS
A

C

AT — e
& s BTS -
v \ Normal
—_r _\_ e
3.0 mS S5 mvsS =
Prolonged
- N distal
\, latency
. T A
6.0mS 55 nmvS
Slowed
N conduction
b /N velocity
! f A\
3.0mS 45 nvsS
B
Temporal dispersion
in demyelination

8' ] Ulnar
~  nerve
S l s

N\, Normal

\_—
3.0 mS 55 m/S
Dispersed
response
1 =
3.0msS 55 WS




CBand TD

5 ms/D
50 .94amA
I \ / 73 .08mA

60 .48mA

£ "~ ~
| | e [ ™ |
P-CMAP/ D-CMAP < 50% < 50%
amplitude

Duration Increased < 15 % Increased > 20%

Area under curve Decreased
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CMAP amplitude

temporal dispersion
Motor nerve CV

F-wave latency

Sensory response

Type of NCS abnormality
[ | Aomalloss | Demyelination |

Distal motor latency

Conduction Block or

Normal or Prolonged
slightly prolonged
Decreased Normal
Not present Present
Normal or Decreased
slightly decreased
Normal or Prolonged

slightly prolonged
Decreased or Decreased or absent

absent

Primary demyelination
or
primary axonal degeneration

NC Data - Motor

Motor NCS
Nerve

Medianus Motor Left
Wrist - APB
Elbow-Wrist
Medianus Motor Right
Wrist - AP
Elbow-Wrist
Peroneus Motor Left
Ankle - EDB
Fib. head-Ankie
Peroneus Motor Right
Ankle - EDB
Fib. heag-Ankle
Tibialis Motor Left
Ankde - Abductor hallicis
Popliteal Fossa - Abductor hallucis
Popliteal Fossa-Ankle
Tibialis Motor Right
Ankle - Abductor hallugis
Popliteal Fossa - Abductor hallucis
Popliteal Fossa-Ankle
Ulnaris Motor Left
Wrist - ADM
B elbow-Wrist
Ulnaris Motor Right
Wrist - ADM
Bl. elbow-Wrist

Takeoff Lat Amp. ov. Distance  F-M(Shortest) Lat.  Duration
os my. s mm ma et

5.65 29 29.1 83
104 28 411 195 85

535 49 29.4 6.9
109 45 351 195 72

108 0.33 - 43
28 0.32 53
28 0.32 27.5 330 53

5.25 36 309 7.7
1.1 26 325 190 68

4.98 4.5 310 6.7
10.1 4.0 36.1 185 7.0

NC Data - Sensory

| Sensory NCS
Nerve Onset Lat.  Peak Lat Amp Peak CV Distance Temp
[ ms ms W /s mm C
| Medianus Sensory Left
Dig I1 - Wrist
Medianus Sensory Right
Dig 1T « Wrist
| Suralls Sensory Left
Mid. lower leg 10 ¢m « Lat, Malleolus
Mid. lower leg 10 em - Lat. Malleolus
| Suralls Sensory Right
Mid. lower leg 10 em - Lat. Malleolus
Mid. lower leg 10 cm - Lat. Malleolus
| Uinaris Sensory Left
Dig V - Wrist
| Ulnaris Sensory Right
Dig V - Wrist

e

Nerve F-M(Shortest) Lat F(Shortest) Lat | M-Lat #F
ms

Medianus F-Response Left
Wrist - APB

Medianus F-Response Right
Wrist - APB

Peroneus F-Response Left
Ankle - EDB

Peroneus F-Response Right
Ankle - EDB

Tibialis F-Response Left
Ankle - Abductor hallucis

Tibialis F-Response Right
Ankle - Abductor hallucis

Ulnaris F-Response Left
Wrist - ADM

Ulnaris F-Response Right
Wrist - ADM

231 261 30 1.00

27 2.2 6.5 1.00

30.0 347 48 1.00

379 39.9 1.9 100

H-Reflex

Left Tibialis HReflex

M-Lat Hlat | H/MAmp M-Lat Hlat  H/MAmp
ms ms - -

Right Tibialis HReflex

ms ms

Knee - Soleus - - -

Knee - Soleus - - -




Nerve conduction velocity

Table 2-1. Peripheral Nerve Classification Schemes
Diameter Conduction Alternative
Fiber Type(s) Name Subtype (mm) Velocity (m/s)  Classification
Myelinated Somatic Afferent/Efferent
Cutaneous afferent A p 6-12 35-75 o
) 15 5-30
Muscle afferent A « 12-21 80-120 1 la, b
p 6-12 35-75 1
5 1-5 5-30 1]
Normal
=
=
=
s
=
5
T T T T T T T 1
35 50 65

Conduction velocity (m/s)

Electrodiagnostic criteria for
demyelinating polyneuropathy

Decreased CV in 2 2 motor nerves
— <80% lower limit of normal(LLN) if CMAP amplitude >80% LLN
— <70% LLN if CMAP amplitude <80% LLN

Partial conduction block or abnormal temporal dispersion in at least
one motor nerve

Prolonged distal latencies > 2 nerves
— >125% of upper limit of normal(ULN) if amplitude > 80% LLN
— >150% of ULN if amplitude < 80% LL

Absent F waves or prolonged minimum F-wave latencies in 22
nerves

— >120% of ULN if amplitude > 80% of LLN
— >150% of ULN if amplitude < 80% of LLN

Electrodiagnostic criteria for
demyelinating polyneuropathy

* Decreased CV in 2 2 motor nerves
— If CMAP amplitude > 80% LLN — CV < 80% LLN
— if CMAP amplitude < 80% LLN — CV < 70% LLN

 Partial conduction block or abnormal temporal dispersion in at least
one motor nerve

* Prolonged distal latencies > 2 nerves
— If CMAP amplitude > 80% LLN — DL > 125% ULN
— if CMAP amplitude < 80% LLN — DL > 150% of ULN

* Absent F waves or prolonged minimum F-wave latencies in 22
nerves

— If CMAP amplitude > 80% LLN — F-wave latency > 120% of ULN
— if CMAP amplitude < 80% LLN — F-wave latency > 150% of ULN

Caution, artifacts
and
technical factors

Normal temporal dispersion
and phase cancellation

Proximal stimulation
* Proximal CMAP

— duration slightly
increased

Normal narve

Resposes grive ot
recording electode
ohostlogeher =

— area and amplitude
slightly decreased

Temporol dispersion

ﬁhljponsss arrive of
mem
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m
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Y

Dorsal
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Herniated
intervertebral disc




Neuron

Basic Neuron Types

1T

Multipolar Pyrimidal
(In(emeuron) (Sensovy Neuron) (Motoneuron) Cell
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S —
ﬁ \ / / Lesion in pre and post to DRG

No lesion Pre-ganglionic lesion Postganglionic lesion
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cord
Normal Abnormal Abnormal
sensation sensation sensation
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FIGURE 8-17 Compound muscle action potential (CMAP)

Site of recording electrode

¢ Top trace
— active recording electrode
(G1) over motor point

¢ Middle trace

val_
ms
— active recording electrode
- is off motor point
+ .
—K._f' -

Bottom trace

— depolarization occurs at a
distance and never travels
under the recording
electrode

FIGURE 2-19 Volume conduction and motor potentials.

Temperature effect on NCS

0 |_

1ms

DL=31ms
cv=42ms
Duration = 3.0 ms
Amplitude = 46 4V

T=21C

DL=25ms
Cv=52ms
Duration = 1.7 ms
Ampiitude = 36 WV

T=33C
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Temperature effect on NCS
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g 40
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Age and Height

* Age .
— CV decrease slightly
with age
— especially > 60 yrs.
— CV decrease 0.5 - 4.0
m/s/decade

— sensory more than
motor fibers

Height

— taller have slower CV
than shorter
individuals

— usually no more than
2 to 4 m/s below LLN

Demyelination

Normal CMAP > 80% CMAP < 80%

NC Data - Motor

[Motor NCS

Nerve Takeoff Lat. Amp.

Medianus Motor Left
Wrist - APB 5.65 29
Elbow-Wrist 10.4 28
Medianus Motor Right
Wrist - APB 535 49
Elbow-Wrist 10.9 45
Peroneus Motor Left
Ankle - EDB - -
Fib. head-Ankle
Peroneus Motor Right
Anide - EDI
Fib. head-Ankle
Tibialis Motor Left
Ankle - Abductor hallucis - -
Popliteal Fossa - Abductor hallucis - -
Popliteal Fossa-Ankle - -
Tibialis Motor Right
Ankle - Abductor hallugis 108 033
Popliteal Fossa - Abductor hallucls ~ 22.8 032
Popliteal Fossa-Ankle 238 032
Ulnaris Motor Left
Wrist - ADM 525 36
Bl. elbow-Wrist 111 26
Ulnaris Motor Right
‘Wrist - ADM 4.98 45
Bl. elbow-Wrist 10.1 4.0

ov. Distance _F-M(Shortest) Lat. Duration
s mm ms o5

29.1 83
411 195 85

29.4 6.9

16.5

43
53

NC Data - Sensory

Sensory NCS
Nerve Onset Lat.  Peak Lat Amp Peak CV  Distance Temp
ns ns W ms mm <
Medianus Sensory Left
Dig 11+ Wrist
Medianus Sensory Right
Dig 11+ Wrist
Suralls Sensory Left
Mid. lower leg 10 ¢m « Lat, Malleolus -
Mid, lower leg 10 cm - Lat, Malleolus
Suralls Sensory Right
Mid. lower leg 10 cm - Lat. Malleolus
Mid. lower leg 10 cm - Lat. Malleolus
Ulnaris Sensory Left
Dig V - Wrist
Ulnaris Sensory Right
Dig V - Wrist

[FWave
Nerve F-H(Shortest)Lat FShorest) Lat
ms

M-Lat #F

Medianus F-Response Left
Wrist - APB 2.1 6.1

Medianus F-Response Right
Wrist - APB

Peroneus F-Response Left

Ankle - EDB - -
Peroneus F-Response Right

Ankle - EDB - -
Tibialis F-Response Left

Ankle - Abductor hallucis - -
Tibialis F-Response Right

Ankle - Abductor hallucis - -
Ulnaris F-Response Left

Wrist - ADM 30.0 347
Ulnaris F-Response Right

Wrist - ADM 379 39.9

27 2.2

30 1.00

6.5 1.00

36 0

1.00 0

192 0

4.1 0

48 1.00

1.9 100

H-Reflex

Left Tibialis HReflex
M-Lat Hlat | H/MAmp
ms ms -

Right Tibialis HReflex
Mlat | Hlat  HMAmp
ms ms -

Knee - Soleus - - -
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