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Objective: We report a case of sustained atypical myokymia associated with short bursts of neuromy-
otonic discharges involving the abductor pollicis brevis (APB) muscle and describe a useful way of detect-
ing a focal slowing involving a small number of median nerve motor fibers with a concentric needle using
the filter setting for single fiber electromyography (EMG).
Methods and Results: A 62-year-old woman developed right thumb twitches at regular interval of 1.7–
3.3 s (0.6–0.3 Hz), which continued for more than four months. Muscle twitches remained the same dur-
ing altered hand position, psychological stress, or sleep. A concentric needle inserted in the active zone of
the APB muscle revealed myokymic bursts with a characteristic of neuromyotonic discharges. Inching
study, stimulating at 5 mm increment along the median nerve and recording with a concentric needle
using a filter setting for single fiber EMG, revealed a focal slowing of the motor fibers at a point 5–
10 mm distal from the distal crease of the wrist, an entrapment site occasionally seen in the carpal tunnel
syndrome. One injection of botulinum toxin type A eliminated the myokymia, which then recurred two
and a half years later, showing less prominent muscle twitches.
Conclusions: Sustained atypical myokymia seen in our case represented bursts of neuromyotonic dis-
charges originated from a focal demyelinating lesion involving a few median nerve motor fibers.
� 2020 Published by Elsevier B.V. on behalf of International Federation of Clinical Neurophysiology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Myokymia, a disorder of the motor unit, refers to the clinical
phenomenon of undulating rippling muscles. Its electrophysiolog-
ical basis, myokymic discharge, usually consists of three to six
bursts of spontaneous firing of single motor unit potentials at a
uniform rate (2–60 Hz) occurring repetitively at 0.1–10 s intervals
(AANEM Glossary of Terms, 2015; Kimura, 2013; Gutmann and
Gutmann, 2004). Myokymia, less often, accompanies neuromy-
otonic discharges with higher frequencies up to 300 Hz (Kimura,
2013; Gutmann and Gutmann, 2004), sometimes with a waning
pattern (Gutmann and Gutmann, 2004; Gutmann et al., 2001).
Myokymia, focal or generalized, usually results from demyelina-
tion, associated with autoimmune diseases such as Guillain-Barre
syndrome and multiple sclerosis, or radiation plexopathy
(Gutmann and Gutmann, 2004). Focal myokymia tends to favor
the facial nerve (Gutmann and Gutmann, 2004) and less commonly
the limb nerves, usually in association with focal neuropathies,
particularly CTS (carpal tunnel syndrome) (Chee et al., 2019;
Gutmann, 1991; Spaans, 1982; Albers et al., 1981).

We report an unusual case of myokymia associated with short
bursts of neuromyotonic discharges causing regular abductor pol-
licis brevis (APB) muscle twitches, which sustained for four
months. Although the routine nerve conduction studies revealed
no abnormalities, an inching technique, using concentric needle
recording with a filter setting for single fiber EMG (Stålberg
et al., 2010; Padua et al., 2007; Sanders et al., 2019), isolated a focal
site of conduction abnormalities at the wrist affecting only a small
number of median nerve motor axons (Padua et al., 2011, 2007,
2001).
2. Case reports

A 62-year-old woman developed right thumb twitches at regu-
lar interval of 1.7–3.3 s (0.6–0.3 Hz), which continued for more
than four months. This abnormal movement remained unaltered
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during sleep, under psychological stress or by voluntary movement
(see Video). Her past medical history included hypertension with
primary aldosteronism, hypokalemia and hyperlipidemia, all trea-
ted optimally by medication. She had no family history of involun-
tary movement.

Neurological examination revealed no abnormalities other than
the twitches of the thenar eminence, which we localized to the APB
muscle by needle EMG. The thenar eminence showed no atrophy or
hypertrophy.

Laboratory studies included a decreased K+ (3.5 mEq/l: refer-
ence range 3.6–4.9), increased aldosterone (502 pg/ml: reference
range 30–159), normal X-rays of the right hand and normal MRIs
of the right forearm, cervical spine and brain. Somatosensory-
evoked potentials after median nerve stimulation at the wrist
showed no evidence of giant potentials suggestive of cortical reflex
myoclonus. Electroencephalography, including jerk-locked back
averaging, disclosed no epileptic discharges.

Surface electromyogram (EMG) in one recording session
(Fig. 1A) showed rhythmic bursts time-locked to the twitches of
the APB muscle at regular interval of 1.73 +/� 0.06 sec (mean
A

B

Fig. 1. Waveforms of muscle twitches recorded with a pair of surface electrodes placed on
in the active zone of the APB muscle (B).

37
+/� SD, n = 30), each epoch lasting for 122 +/� 9 ms. The peak-
to-peak amplitude of spontaneous twitch potentials, 609 +/�
6 mV, corresponded to approximately 5% of the 12.0 mV compound
muscle action potential (CMAP) evoked by a supramaximal stimu-
lation of the median nerve at the wrist.

Routine concentric needle EMG, recorded with the band pass
filter ranging from 10 Hz to 10 kHz, (Fig. 1B), revealed high fre-
quency myokymic discharges in the active zone of APB muscle,
synchronous to the surface recorded bursts. Each burst consisted
of the initial 750 mV potential and approximately 60 much smaller
spikes with an inter-spike interval (ISI) ranging from 4 to 6 ms as
typically seen in neuromyotonic discharges. The first 5–7 spikes
appeared nearly identical in amplitude in any burst, although the
subsequent gradually-decrementing and incrementing smaller dis-
charges, lasting for about 270 ms, varied from one burst to the next
(Fig. 1B).

Routine nerve conduction studies (NCSs) of the right median
(Fig. 2A) and ulnar nerves were normal. Using a concentric needle
as a pick up, surface stimulation of the median nerve revealed a
delay across the wrist to palm segment if recorded with the tip
500μV
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200μV

30 msec

the abductor pollicis brevis (APB) muscle (A) and with a concentric needle inserted



Fig. 2. Nerve conduction study of the right median nerve. Routine nerve conduction study with a pair of surface electrodes of the motor (A right) and sensory (B left) nerves.
Recording with a concentric needle as a pick up and surface stimulation of the median nerve, with the tip of the electrode placed at the active zone (B right) and elsewhere in
the APB (B left). Inching study stimulating the right median nerve in 0.5 cm increment and recording with a concentric needle placed in the active zone of the APB muscle,
using a filter setting of 500 Hz to10 kHz (C).
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of the electrode placed at the active zone (Fig. 2B right) but not
elsewhere in the APB (Fig. 2B left). In this recording, we were
unable to determine the onset latency with precision, especially
with palm stimulation. To further localize the lesion affecting only
a small number of axons (Padua et al., 2011, 2007, 2001; Stålberg
et al., 2010; Sanders et al., 2019), we elevated the low cut filter
from 10 Hz to 500 Hz for an inching study (Fig. 2C) stimulating
the median nerve with surface electrode in 5 mm increment. When
recorded with a concentric needle placed in the active zone of APB,
the study disclosed a reproducible focal slowing of motor nerve
fibers at a point between 5 and 10 mm from the distal crease of
the right wrist (Fig. 2C).

Clonazepam had no effect on the muscle twitching. After
approval of the Kyoto Medical Center Ethics Committee, we
obtained an informed consent from the patient and injected botu-
linum toxin type A (15 units of Botox�) into the active zone of APB.
Abnormal twitches completely abolished within a few days, with
no evidence of recurrence for the duration of follow up period
extending to two years. Botulinum toxin injection caused no side
effects except for a transient, mild paresis of the thumb. The
patient had a good relief three days after injection when the move-
ment subsided. She experienced a slight difficulty in abducting the
thumb for one week but no problem thereafter. Abnormal twitches
then partially recurred two and a half years later. Recording with a
needle electrode revealed spontaneous bursts like the original dis-
charge in amplitude (mean: 750 mV) and duration (126 ms) but
longer in twitch intervals (3.06 s).
3. Discussion

We report a 62-year-old women who developed a repetitive
twitch in a small part of the right thenar muscle. This sustained
movement corresponded to myokymia clinically, although electro-
physiological study showed repetitive short runs of high frequency
spikes most consistent with neuromyotonic discharges. Inching
studies revealed a focal slowing consistent with a demyelinating
lesion of the median nerve motor fibers at a point 5 to 10 mm dis-
tal from the distal crease of the wrist.

Focal demyelinating lesions known to cause myokymia include
peripheral facial palsy, hemifacial spasm, post radiation brachial
plexopathy, multiple sclerosis and demyelinating neuropathies
(Gutmann and Gutmann, 2004). Less commonly focal myokymia
occurs in association with focal neuropathies, particularly CTS
(Chee et al., 2019; Gutmann, 1991; Spaans, 1982; Albers et al.,
1981). In these disorders, the hyperexcitable segment of demyeli-
nation induces ectopic discharge (Valls-Solé and Montero, 2003),
or ephaptic transmission (Kameyama et al., 2016) as the cause of
myokymia. Our patient had a unique pattern of spontaneous burst,
each block showing a brief neuromyotonic discharges with inter-
spike intervals of 3–5 ms which corresponds to the relatively
refractory period of the motor axons (Burke et al., 2009). Myoky-
mic discharge, usually consists of three to six bursts of sponta-
neous firing of single motor unit potentials at a uniform rate (2–
60 Hz) occurring repetitively at 0.1–10 s intervals (AANEM
Glossary of Terms, 2015; Kimura, 2013; Gutmann and Gutmann,
2004). Myokymia, less often, accompanies neuromyotonic dis-
charges with higher frequencies up to 300 Hz (Kimura, 2013;
Gutmann and Gutmann, 2004), sometimes with a waning pattern
(Gutmann and Gutmann, 2004; Gutmann et al., 2001). Based on
this description, we believe our waveforms constitute a variant
of neuromyotonic discharges underlining the clinical phenomenon
of myokymia. Similar waveforms were previously reported in two
cases of radiation plexopathy (Albers et al., 1981). This finding
reinforces the notion that myokymia represents a form of
neuromyotonia.
39
An inching study, recording with a concentric needle electrode
using a filter setting for single fiber EMG, served well in our case to
detect a focal lesion affecting only a small number of motor fibers
by a non-linear shift in latency just distal to the wrist. This filter
setting, used commonly for the study of neuromuscular junction
(Noto et al., 2011), also works well for assessing a lesion affecting
only a limited number of motor fibers, minimizing the activities
from the remaining normal axons, which would mask the abnor-
mality (Padua et al., 2011, 2007, 2001). The utility of this method
was reported in diabetic polyneuropathy using single fiber EMG
electrode (Sunter et al., 2014) and in immune-mediated ulnar
nerve neuropathy using a bipolar needle electrode (Coraci et al.,
2017). This method has some technical limitations in detecting a
localized lesion, which critically depends on placing a needle very
close to the active zone showing recordable abnormality. In the
current case, we were able to position the needle correctly, guided
by sustained single muscle fiber discharges associated with muscle
twitches. Using this technique, we were able to record myokymic
discharge only if the needle was placed in the active zone supplied
by the motor axons showing a focal delay (see Fig. 2B and C). This
finding justifies the conclusion that the causal relationship exists
between the abnormal muscle discharge and focal conduction
delay of a fewmotor axons, which induced the spontaneous bursts.

A slight distortion of the waveform at �10 mm resulted from a
relatively large (positive) stimulus artifact which we were unable
to eliminate. The recorded response represents a composite of
affected and still relatively normal motor unit potentials within a
small recording radius of the concentric needle. Desynchronization
of these unit discharges also slightly alters the waveform recorded
at �10 mm. The latency of the major negative peaks, however, ver-
ifies a nonlinear shift of the elicited response. The major negative
peaks recorded at �15 mm and �10 mm are slightly larger in
amplitude and area under the waveform compared to all the sub-
sequent responses. This finding, probably indicating a mild con-
duction block, gives a distinct impression that the raster mode
(Fig. 2 bottom) displays two separate groups of recording, top
two traces and bottom 5 traces. This characteristic appearance sig-
nals a non-linear jump, indicating a focal lesion at this point with a
calculated conduction velocity of 5 m/s between �10 mm to
�15 mm as compared to 40–80 m/s for all the remaining 5 mm
segments.

The patient had no complaint suggestive of CTS and standard
motor and sensory nerve conduction studies were normal. In addi-
tion, we found a delay of the motor conduction more proximally
than expected for a typical entrapment (Kimura, 1979). Our clinical
and electrophysiological findings, however, suggest the diagnosis
of a median nerve mononeuropathy with a focal abnormality of
some motor axons innervating the APB muscle, causing atypical
myokymic discharges. This extends previous observations in CTS,
showing selective involvement of median motor axons with nor-
mal sensory conductions (Kimura, 1978; Mondelli et al., 2010;
Repaci et al., 1999) and an entrapment near the distal wrist crease
(Kimura, 1979; Nathan et al., 1990) rather than the usual lesion
site near the distal edge of carpal ligament located 20–40 mm fur-
ther distally. Although we consider the CTS as the most likely cause
of atypical myokymia, other possibilities would include immune-
mediated or traumatic neuropathies, which seem unlikely in the
absence of abnormalities outside the median nerve and history of
trauma at the wrist.

Botulinum toxin injection had sustained effect until two and a
half years later, when abnormal twitches partially recurred. A
repeat laboratory tests remained the same as before with normal
potassium concentration of 3.7–4.3 mEq/L (reference range: 3.6–
4.9) and aldosterone elevated to 421–514 pg/ml (30–159). Thus,
we consider it unlikely that the spontaneous discharges were asso-
ciated with either hypokalemia or hyperaldosteronism. In addition,
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this unspecific treatment, not directed against the presumed neu-
ral lesion per se, only suppressed the excitation of the muscle
fibres by blocking neuromuscular transmission.

4. Conclusions

Our patient had a unique variant of sustained myokymia with
firing frequency in the range of neuromyotonic discharge, not pre-
viously seen in an entrapment neuropathy. Inching studies using
single fiber recording with a concentric needle electrode allowed
us to localize the abnormality near the distal wrist crease. A focal
lesion, probably demyelinating in nature affected a few median
nerve motor axons causing myokymia, a finding consistent with
the diagnosis of a median nerve mononeuropathy.
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