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Abstract

Fasciculation and fasciculation potentials (FPs) are most frequently observed in progressive motor neuron disorders, including amyotrophic
lateral sclerosis (ALS). Recent diagnostic criteria, the so-called Awaji criteria, emphasize the importance of FPs in the electrodiagnosis of ALS.
Although FPs are found in other benign syndromes, FPs in ALS often show a complex morphology (complex fasciculation potential [CFP]) with
instability in the form of increased jitters with blocking of some components of the FPs. The criteria have raised the diagnostic significance of
FPs as FPs have clinical importance in the diagnosis of ALS equivalent to spontaneous denervation potentials (fibrillation potentials and positive
sharp waves). CFPs have multiple pathomechanisms, but they frequently originate from the most distal sites of the peripheral motor neurons. In
addition, CFPs are strongly related to axonal membrane hyperexcitability. The increased amount of CFPs in individual patients has been reported
to predict shorter survival and rapid progression of the disease. These findings suggest that CFPs have a disease-specific significance to ALS;
therefore, exact documentation of CFPs in needle electromyography may contribute to correct diagnoses of ALS and early clinical trials.
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Fasciculation, which is observed in various peripheral motor neuron
disorders, is most frequently found in nonprogressive benign fasciculation
syndrome (BFS)." Patients with BFS never exhibit muscle atrophy or
pathologic weakness and not all such patients visit hospitals; therefore, the
prevalence and characteristics of BFS still need to be established. However,
among the progressive disorders involving motor neurons, amyotrophic
lateral sclerosis (ALS), progressive muscular atrophy, and other motor
neuron diseases such as Kennedy disease, seem to be the most frequent
disorders that show overt fasciculation. In ALS, especially, fasciculation
is often noted before patients recognize atrophy or weakness.? Acquired
neuromyotonia (Isaacs’ syndrome) also shows overt fasciculation and
myokymia mimicking ALS.? Itis often difficult to establish a definite diagnosis
of ALS, BFS, or other generalized disorders when patients complain of only
fasciculation; in such cases, electrophysiological examinations, including
needle electromyography (EMG) and nerve conduction study, are necessary
and useful.*

Fasciculation Potentials in Amyotrophic

Lateral Sclerosis

Fasciculation in ALS is an important phenomenon for making a definite
diagnosis and for considering the pathophysiologic basis of ALS. The
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fasciculation potential (FP) on needle EMG directly reflects clinical
fasciculation, and confirmation of FP is exclusively essential for making a
diagnosis.*®* Some patients with ALS do not exhibit FR, even when inspected
by a well-trained examiner. However, in patients with typical ALS, FPS
usually appear in at least one muscle in a thorough examination with
needle EMG.%”

In the revised El Escorial diagnostic criteria of ALS published in 1998,8 FPs
were described as follows: “Fasciculation potentials are a characteristic
clinical feature of ALS. Their presence in EMG recordings is helpful in the
diagnosis of ALS, particularly if they are of long duration and polyphasic,
and when they are present in muscles in which there is evidence of
active or chronic partial denervation and reinnervation. Their distribution
can vary. Their absence raises diagnostic doubts, but does not preclude
the diagnosis of ALS. Fasciculation potentials of normal morphology
occur in normal subjects (benign fasciculations), and fasciculation
potentials of abnormal morphology occur in other denervation disorders,
e.g. motor neuropathies.”

This description is entirely accurate, but clinical experiences have
significantly reduced the diagnostic significance of FPs for ALS. While the
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Figure 1: Fasciculation Potentials that Were Recorded in the Upper Trapezius Muscle in One Patient
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The needle was completely immobilized, and at least four fasciculation potentials (FPS) were recorded from the same site. The FPS in A and B had simple forms (<5 phases), and those in C and D had
complex forms (=5 phases). Each FP had a different morphology, which suggested different firing sites.

absence of FPs cannot preclude ALS, the presence of FPs does not exclude
other disorders. This had led clinicians to reject the significance of FPs in
the diagnosis of ALS.

By contrast, the Awaji criteria (2008) emphasize FPs much more than the
revised El Escorial criteria.* The Awaji criteria describe FPs as follows: “We
propose that the presence of fasciculation potentials (FPS) in a muscle
identified as showing needle EMG features of neurogenic change should
serve as evidence of ongoing denervation, equivalent in importance to
fibrillation potentials and positive sharp waves (fibs-sw). FPs associated
with neurogenic disease, especially ALS, show a complex morphology,
and often exhibit instability when studied with a high band pass filter and
a trigger delay line, which reveals increased jitter with blocking of some
components, indicating their origin from reinnervated motor units.>
When FPs and/or fibs-sw are found in conjunction with chronic neurogenic
abnormalities in the context of a diffuse or root-related disorder with
superimposed upper motor neuron signs, they assume critical significance
and suggest ALS as the diagnosis. We conclude that FPs and fibs-sw have
similar and equivalent importance in diagnosis in ALS.”

In the process of diagnosing ALS, FPs—especially those with complex
morphology—have an equivalent significance to fibrillation potentials-
positive sharp waves (fibs-sw) as denervation spontaneous potentials.
Furthermore, these criteria define complex FPs (CFPs) as FPs with one
feature of polyphasic (>4 phases), increased duration, or increased
amplitude compared with the normal values for motor unit potentials (MUPS)
in the affected muscle (see Figure 7). CFPS may be unstable. In the clinical
setting of an EMG examination, it may be difficult to immediately define
increases in the duration and amplitude of FPs; however, the polyphasic
feature and instability of FPs may be easy to detect in on-line analyses.
Because of the revision in the Awaiji criteria, the diagnostic significance of
FPs in ALS has been markedly increased, resulting in improvements in the
diagnostic rate of ALS.""-

Pathomechanisms of Fasciculation Potential in
Amyotrophic Lateral Sclerosis

FPs have multiple origins, which can be anywhere in the peripheral
motor neuron.”™'® When FPs originate from a site proximal to axon
terminal arborization in the absence of pathologic changes in motor
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units, FPs should have a simple form, similar to the shape of an MUP
(see Figure 2A).%>220 Simple-form FPs can also originate from the most
distal portion of the axon terminal arborization as shown in Figure
2B, and a contraction of a few or several muscle fibers results in a
simple-form FP. The pathophysiology of FP complexity (CFP) might be
explained by the following mechanisms:"15'8-21 (1) temporal dispersion
of MUPs by retrograde transmission of potentials fired distally in axon
sprouts with conduction through neighbor branches (see Figure 2C),
(2) temporal dispersion of MUPs caused by distal conduction through
degenerating branches with slow conduction and blocking (see Figure
2D); (3) double or triple firing at the same or almost same axonal
terminal sites (see Figure 2E). In this case, if an interfiring interval is
long, it leads to a double discharge. However, if the interfiring interval is
short (several milliseconds), it results in CFP. (4) Temporal dispersion of
MUPs due to reinnervation of the neighbor motor unit (see Figure 2F),
(5) temporal dispersion of MUPs with reinnervation through immature
branches with conduction slowing and blocking (see Figure 2G), and
(6) firing of double motor units due to ephatic axonal transmission (see
Figure 2H). Ephatic transmission was recently certified by de Carvalho
et al. who reported that FPs with origins in two different motor units
simultaneously appeared in a single needle recording.?® As mentioned
before, FPs in ALS can originate from any site of the motor neurons;
however, FPs firing at most distal sites of peripheral motor neurons are
the most frequent.

Fasciculation Potential of Cortical Origin in
Amyotrophic Lateral Sclerosis

It is well-known that ALS shows hyperexcitability of the motor
cortex, which is related to the corticomotoneuronal degeneration
probably induced by glutamate-related excitotoxicity.?2? The cortical
hyperexcitability, shown as intracortical disinhibition by transcranial
magnetic stimulation (TMS) studies, might precede lower motor neuron
dysfunction in ALS.?* There has been some evidence that the motor
cortex or upper motor neurons produce fasciculation in muscles. .22
TMS studies showed stimulation-induced FPs, which were stable with
a simple morphology.™ Hirota et al. reported the combined FPs in ALS
as one form of CFPs, which were not observed in Kennedy disease,
suggesting a supraspinal mechanism reflecting dysfunction of the
descending motor pathways.” It is unknown whether this combined
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FP is associated with the motor cortical hyperexcitability, but
spontaneous and irregular firings of the corticomotor neurons could
induce involuntary firings of the lower motor neurons leading to FPs
or CFPs in ALS.

Diagnostic Specificity of Complex Fasciculation
Potential in Amyotrophic Lateral Sclerosis

To date, ALS is considered the most representative disorder in which
FPs originate from the most distal axons of peripheral motor nerves.
However, the specificity of CFPs to ALS has been debatable. Mills
reported that there were no significant differences in the morphologies
of FPs between ALS and BFS and that CFPs appear as frequently in BFS
as ALS." Even though Mills is one of the authors of the Awaji criteria,
he doubted the diagnostic significance of CFPs in ALS. Thereafter, de
Carvalho and Swash, who are also the authors of the Awaji criteria,
severely opposed Mills" opinion.?! They reported the clear differences in
FPs between ALS and BFS, and discussed that no complex or unstable
FPs were observed in subjects with BFS. In addition, they reported that
CFPs in ALS change during stage progression along with changes of
MUP morphology due to neuronal degeneration and reinnervation.?' The
characteristics or disease concept of BFS have not been well established,
and there have been reports that patients with BFS progressed to an
intermediate form of ALS.? When clinicians encounter patients with only
FPs (especially CFPs), thorough EMG and follow-up examinations are
necessary for years.

Acquired neuromyotonia (Isaacs’ syndrome) also shows FPs and myokymic
discharges including doublets (double discharges) and multiplets, which
need the differential diagnosis with ALS.3?° Although electromyographic
properties of FPs in neuromyotonia have not been fully investigated,
the differential diagnosis with ALS is not difficult because of its peculiar
clinical characteristics, without muscle wasting and upper motor neuron
signs, and the neuromyotonic discharges and few denervation potentials
on EMG in acquired neuromyotonia.?2

Prognostic Significance of Complex
Fasciculation Potential in Amyotrophic

Lateral Sclerosis

Despite the above discussion, CFPs are most frequently observed in
ALS in EMG laboratories. As shown in Figure 2, if CFPs reflect abnormal
axonal membrane hyperexcitability of peripheral motor nerves, it might
be a phenomenon deeply related to the pathophysiology of ALS. The
double firing or retrograde axonal transmission might be related to the
augmented excitability of the axonal membrane. Axonal excitability tests
have elucidated two kinds of axonal ion channel abnormalities: increased
persistent sodium currents and reduced potassium currents, both of
which might increase axonal excitability and induce fasciculation.?-?
In addition, Kanai et al. reported that an increase in axonal persistent
sodium currents in the early stages of the disease was a strong predictor
of a shorter survival in ALS.® Furthermore, the increased amount of CFPs
in patients has been reported to predict a shorter survival and rapid
progression.”3 This observation fits well with the results of Kanai et al.®
Although they studied only median nerve excitability, this functional
alteration could be present in generalized body regions, and the extent
of the excitability abnormalities could be deeply associated with survival
prognosis. Presumably, more generalized axonal hyperexcitability of the
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Figure 2: Schema for the Pathomechanisms of
Fasciculation Potentials
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A and B indicate simple-form fasciculation potentials (FPS). C to H represent complex form FPS
(CFPs). For details, see the text. Reproduced with permission from Bokuda and Shimizu, 2014."

lower motor neurons would produce more frequent FPs, resulting in fast
progression and poor survival prognosis.”

In addition, the motor cortical hyperexcitability shown as a reduction in
short-interval intracortical inhibition by TMS was reported to correlate
with the peripheral axonal hyperexcitability in ALS patients.®> Taken
together, the hyperexcitability of both the upper and lower motor neurons
would produce FPs or CFPs, leading to rapid disease progression.

Contrary to ALS, there have been no reports on the relationship between
the amount of FPs or peripheral axonal excitability and disease progression
or survival prognosis in acquired neuromyotonia. The spontaneous motor
unit activity in neuromyotonia presumably originates from the nerve
terminals judging from the normal results of axonal excitability test
examined by nerve trunk stimulation.® The immunologic pathophysiology
and focal involvements at the nerve terminals in acquired neuromyotonia
may be attributable to the differences in disease progression and survival
with those of ALS, which has a generalized and neurodegenerative aspect.

Conclusion

FPs are a classic phenomenon in ALS. However, we have only recently been
recognizing their significance as a disease-related biomarker.* In the future,
the treatment of ALS may become most important in the earliest stages
when patients show only FPs without or with minimal denervation (fibs-sw).
Thus, the early and exact documentation of FPs/CFPs in needle EMG and
correct diagnoses may have a more crucial significance in the near future.
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