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Artifacts in nerve conduction studies

Stimulus-related issues
A. Stimuli should be 

supramaximal

Generally t he int ensity  
recomm ended is 25% above 
what appears to be 
supramaximal bas ed on  
platea uing amplitude with an  
incremental incr ease in  
stimulus intensit y. Suprama xi mal Stim ula tion 

As stim ulu s int ens ity i s inc re ase d, a mp litu de  
incr eas es a nd dis tal l at enc y decr eas es.

Stimulus-related issues
B. Submaximal stimuli
1. Single submaximal stimuli when 

delivered at a distal stimulation 
site will produce APs of smaller 
amplitude and thereby simulate 
axon loss.

2. Single submaximal stimuli when 
delivered at a proximal 
stimulation site will produce APs
of smaller amplitude and 
thereby simulate conduction 
block.

3. Repetitive submaximal stimuli 
may produce erroneous 
decrements or increments.
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Change of the amplitude  on the CNAP
with change of stimulus intensity

Stimulus-related issues
C. Co-stimulation
1. With stimulu s intensities way  

above s upram aximal ther e is  
co-stimulation of ad jac ent  
nerv es.  
This ca n be a major problem  
when t her e is prominent axon  
loss in the nerv e stimulated,  
but not in t he c o-stimulated  
nerv e. 
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Spre ad eff ect

Stimulation of wrong nerve

Stimulus-related issues
D. Stimulus Artifact
1. The stimulus artifact is of 

course essential to latency 
measurements.

2. The artifact becomes a problem 
when it obscures the onset of 
the potential of interest, and is 
mainly an issue for recording of 
relatively small signals (eg. 
sensory potentials) when the 
distance between the 
stimulating and recording 
electrodes is short.
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Stimulus-related issues
D. Stimulus Artifact

3. Artifact can be diminished by:
a. placement of the ground between the stimulating and recording 
electrodes
b. reducing the impedance to current flow at the stimulus site by 
skin preparation (decreasing with solvents, removing callous) and use 
of electrode jelly or saline on stimulus electrodes
c. reducing impedance mismatch between the recording electrodes 
by skin preparation and use of electrode jelly
d. decreasing the distance between the active and reference 
recording electrodes (if possible)
e. increasing the distance between the recording and stimulus 
electrodes (if possible)
f. keeping the stimulus intensity as low as possible
g. keeping the stimulus remote from the recording electrode 
cables
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Stimulus-related issues
E. Bridging and Virtual Cathode
1. Electrical stimuli bring nerve t o action 

potential at the node directly und er the 
cathode.  Exceptions:
a. When stimul us spr eads along low 
resistance paths (eg. exc essive s aline, 
electrod e jelly on the skin) resulting in 
delivery of curr ent to adja cent nerv e 
segments
b. With high c urrents, stimuli may be of 
sufficient ma gnitude to bring mor e distal 
nodes to action pot ential
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Recording-related issues
A. Signal to noise r atio

1. A high signal to noise ratio is partic ularly 
important f or the r ecording of small s ensor y 
or mixed nerv e pot entials.
This pr oblem is typic ally address ed as 
follows:

a. High frequency (low pass) filtering   
out of high fr equency noise
b. Pre - am plification    near  
recording electrod es
c. Avera ging
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Recording-related issues
B. Placement of recording electrodes

The recorded wave forms result from differentia l 
amplification of the active minus the referential 
electrode. 
Hence, for motor potentials, the electrodes are  
usually placed in a "belly-tendon" montage with the 
recording electrode over the motor point of the 
muscle in question and the reference over a 
relatively indifferent site, the tendon.
There are 2 major sources of error:

a. When the recording electrode is not 
optimally placed, the amplitude of the wave 
form is sub-maximal.  (for motor studies, 
such potentials may be preceded by a positive 
deflection).
b. The reference electrode may in fact not 
be over an indifferent site, and the 
resultant wave form in the case of CMAPs 
may be a composite from more than 1 muscle
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Changing recording sites

Near nerve technique

Recording-related issues
C. Impedanc e mismatc h

Differ ential am plification results in usef ul 
data only when the rec ording and ref erential 
electrod es ar e matc hed f or impeda nce.
If one of t he electr odes is defective or mor e 
commonly if t he skin is not ca ref ully pr epar ed 
under bot h elect rodes, t he res ultant tr aces 
will be contaminated by vari ous artif acts even 
when the patient is properly gr ound ed.
Again, t his will be more of a problem wit h 
high amplification as in t he rec ording of 
sensory potentials. 
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Recording-related issues
D. Side-to-side symmetr y of SNAP amplitude

Reduction of SNAP amplitude is an indication of  
post-ga nglionic axon  loss.  In  pati ents with 
unilateral s ymptoms, side-to-side comparison  of  
SNAP amplitude is c ommonly perf ormed.
The ratio of smaller  to lar ger amplitude SN AP in  
normals is as low as 0.5 for median and ulnar
nerv es, and 0.4 for r adial, musculo-cut aneous,  
sural and superfi cial per oneal ner ves.  
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Anatomy-related Issues
A. Measurements

Calculation of segmental conduction velocities relies on surface distance 
measurements to estimate neural distance from one stimulus site to 
another.
There are several sources for error:
1. Nerve may be redundant in its course around various joints (eg. ulnar
nerve around elbow), and the distance measurements will be an 
underestimate, unless the joint is flexed.
2. Proximal nerve segments (plexus, root) are particularly difficult and 
are usually measured with calipers.
3. The greatest chance for error is with very short distances between 
stimulat ing sites, since mistakes of   ± 1 cm in estimating the exact 
stimulus sites wil l have greatest impact when the total distance is smal l 
(eg. less than 5 cm).  Hence, for routine calculation of segmental 
conduction velocities with surface techniques, on try to keep the inter-
stimulus distance at least 10 cm.
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Anatomy-related Issues
B.  Anomalous Innervation

1. Forearm median to ulnar anastomoses (MUAs)occur in about 
20% to 30% patients, and occur bilaterally in about 2/3 of them.
In most (80%) of the patients, the MUA innervates ulnar
intrinsic hand muscles in (or near) the thenar (FDI, Add Poll) and 
hypothenar (ADQ) areas; in about 17%, only ADQ fibers are 
involved.
There are at least 4 important consequences of such anomalies:
a. In CTS, the presence of MUA may make it impossible to 
calculate a true forearm conduction velocity without using special 
techniques.  Without them, the calculated velocity is spuriously
fast.
b. The presence of a MUA to hypothenar muscles can simulate 
conduction block in the ulnarnerve in the forearm.
c. In the presence of a MUA, injuries to the proximal median 
nerve may result in denervation of ulnarhand muscles.
d. In a complete MUA (eg. median hand), complete lesions of the 
proximal ulnarnerve will spare all ulnar-innervated intrinsic hand 
muscles.
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Anat omy-relat ed Issues
B.  Anomalous Innerv ation

2. The other common anast omosis is the a ccessory  
peroneal innerv ation of the EDB.  
Normally, this mus cle is supplied by t he deep  
peroneal branc h, but in about 20-30% of patients is  
supplied by t he super ficial per oneal branc h of t he 
peroneal nerv e.
Deep per oneal neur opat hies  in t he pr esenc e of  this  
anomaly  will be at ypic al by virtue of E DB s paring  
clinically.  It can also obscure t he el ectrodia gnosis
of conduction block at the fibular head when  
recording from E DB.
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Phys iol ogi cal Issu es
A.  Te mp erat ure

Ther e is gre at i nter-i nd ivi dua l vari atio n i n li mb  
temp erat ure  ev en w he n a mpl e ti me  is allow e d to  
equi lib rate  i n  a  war m lab . M ore over , t he re  is  m ark ed  
variati on  o f neur al  te mp eratu re  ov er th e cour se  of  a  
give n nerv e w ith  a  g rad ual  tr en d t owar d coo ler  
temp erat ure s f rom  pro xim al  to  dista l an d de ep  to  
super fic ial w ith in t he  re spe ctiv e li m b. 
The  m ain  e ffe cts  of  c ooli ng  on ele ctro ph ysio logi cal
meas ure me nts a re as f oll ows:
1. Prol on gati on i n dist al l ate ncy

a. ap pro x 0. 2 mse c/d eg C  (moto r)
2. S lowi ng of c on duc tio n ve loc ity

a. ap pro x 2. 4 M/ s/d eg C  in th e ar ms (m otor )
b. a ppr ox 2. 0 M /s/ de g C (me di an s ens ory )
c. ap pro x 1. 7 M /s/ de g C in  th e l egs  (mot or )

3. Incr eas e i n CMAP  an d S NAP  am plit ud e
4. Incr eas e i n CMAP  an d S NAP  d urati on
5. D ecr eas e i n decr em ent  du rin g r ep s tim ulati on
6. D ecr eas e i n p ost-e xer cis e i ncre me nt
7. Incr eas e i n m otor  un it dura tio n a nd pol yp hasi a
8. D ecr eas e i n fi bri llat ion  pot ent ials
9. Incr eas e i n m yot oni c d isc har ges
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Effect of cooler temperature on 
latency, duration and amplitude of 
the recorded sensory nerve action 
potential.

Physi ological Issues
B. Failure to correct or contr ol for decrease in  

temper atur e can r esult in:
1. Overdiagnosis of polyneuropathy
2.Overdiagnosis of distal entra pment  neuropat hy  
(eg. CTS)
3.Underdiagnosis of neuromus cular juncti on  
disorders (eg. myast heni a gravis, Lambert Eat on)
4.Undera ppr eciation of a ctive denerv ation (eg.  
ALS)
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Physi ological Issues
C. Met hods to deal with low temperat ure

1. In general, it is pr ef erable to raise limb tem perat ure 
to appr ox 34 deg C than to us e c orrectiv e form ulas
2.Thermistor-c ontroll ed infra head heating lamps are 
better at maintaining tha n raising temperat ure, so for  
significantly  cool limbs, it is pref erable t o immers e t he 
limb in warm water initially and t hen apply the lamp.
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Physiological Issues
D. Temporal dispersion
1. Compound sensory and motor action 

potentials are spatially-summed population 
responses which reflect a range of fibers
with different conduction velocities.

2. As distance between the stimu lus and 
recording electrodes increases, CMAP and 
SNAP duration increases and amplitude 
declines.

3. SNAP declines more than CMAP amplitude 
because individual nerve fiber potentials are 
briefer than motor unit potentials , 
dispersion producing more phase cancellation 
(and amplitude reduction). No magnification 
in SNAP.

4. In acquired demyelinative neuropathy, it is 
often impossible to distinguish pathologic 
dispersion with phase cancellation and drop 
in CMAP amplitude from conduction block.
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Physiological Issues

E. Age
1. Electrophysiologic measurements 

must be interpreted in light of the 
patient's age.

2. Nerve conduction velocity rapidly 
increases from birth to 3-5 yrs of 
age, at which point they begin to 
plateau.

3. Beginning at about age 40, there is a 
slow decline in ve locity, CMAP and 
SNAP amplitude, and an increase in 
motor unit duration and phases.
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Interdigital CNAPs

Physiological Issues
F. Nerve Length and Height

1. Shorter nerves conduct faster than longer nerves.
2. This is true to some extent at the individual level in 

that median and ulnar nerves conduct faster than 
peroneal and tibial.

3. Some argue that this is also true between 
individuals, such that nerve conduction in very tall 
subjects is slower than in shorter subjects.  
(Others suggest that this is only an artifact of 
height-dependent cooling.)

4. Whether due to nerve length itself or to associated 
cooling, failure to recognize this finding may result 
in overdiagnosis of neuropathy in the very tall.
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Sweep
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Filtri

Change of the amplitude on the CMAP with a filter change

Change of the CNAP with a filter change

Amp

Amp

Lat
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Polarity

Proximal cathodic stim

Distal cathodic stim
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Artifacts in nerve conduction studies

Sensi tivity

Smal l CNA P pr ece di ng CMAP Chan ge o f lat en cy wit h diff er ent s ens itivit y
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Contamination of CNAP by a muscle artifact

Ortodromic

Antidromic
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Pace-Maker
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Rete
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Radiofrequency artifacts mimicking fibrillations 


