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Bizarre repetitive discharges recorded with single fibre
EMG
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SUMMARY Single fibre EMG was used to record bizarre repetitive discharges in patients withchronic denervation or muscle disorders. The low variability of intervals between individual spike
components on successive discharges suggests that the bizarre repetitive discharges are based on
ephaptic impulse transmission from the muscle fibre starting the discharge (principal pacemaker)
to the adjacent muscle fibres. The low variability of the interdischarge intervals is explained byephaptic reactivation of the principal pacemaker by one of the fibres participating in the previous
discharge (a co-pacemaker). Secondary activator fibres may spread activity to more fibres. The
bizarre repetitive discharge stops when either the principal pacemaker or the co-pacemaker
become sufficiently subnormal to block. The co-pacemaker may be missing in cases of low
frequency bizarre repetitive discharges, particularly in those with irregular interdischarge
intervals.

Bizarre repetitive discharges represent a
phenomenon commonly recorded with needle
electrodes in clinical EMG studies of chronically
denervated muscles, as well as in various myopathies.
They are also known as bizarre high frequency
discharges, complex repetitive discharges or
pseudomyotonic discharges. 1-8 In concentric needle
EMG they most often appear as continuous trains of
spikes of simple or complex patterns repeated at a
regular frequency (5-150 Hz), and have an abrupt
onset and termination. They can often be triggered by
movement of the recording electrode. In addition to
these discharges, low frequency bizarre discharges
occurring at rates from 0 3 to 10 Hz have been
described as a separate variety.9 It has been
emphasised that these discharges have nothing in
common with discharges in myotonic disorders.6
The present study was undertaken with single fibre

EMG. The advantages of this method as compared
to the concentric needle EMG include the high
resolution with which the time intervals both within
and between the discharges can be measured, as well
as a better possibility of identifying individual muscle
fibres participating in the different discharges.
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Patients and methods

Sixteen patients volunteered to participate in the study: 10
with chronic partial or complete denervation due to
peripheral nerve or root lesion, one with syringomyelia, two
with Duchenne muscular dystrophy and three with
polymyositis. Single fibre EMG (SFEMG) recordings were
made from muscles which were completely denervated or
weak due to partial denervation or myopathic involvement.
The patient with syringomyelia had completely denervated
biceps brachii muscle of one arm which showed unusually
rich bizarre repetitive discharge activity, even resulting in a

clinically visible tonic contraction. In this patient, the
bizarre repetitive discharges were also recorded with a
subcutaneously positioned concentric needle electrode, as
well as with a pair of surface electrodes placed over the
biceps brachii muscle. The recording technique has been
described in detail elsewhere. '°

Results

Several hundreds of recording sites with bizarre repetitive
discharges have been studied. Only those lasting several
seconds or more were analysed in detail. The bizarre
repetitive discharges were usually spontaneous, and could
be recorded with subcutaneously placed needle electrodes
or with surface electrodes in a patient with syringomyelia
over the biceps brachii which was totally denervated. Often
the bizarre repetitive discharges were triggered by
movements of the recording electrode or by percussion of
the muscle. In the dystrophic muscles they could be initiated
by voluntary activity of some motor units discharging at high310
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I
Fig 1 A bizarre repetitive discharge, recorded in a
denervated muscle, consisting offour different components,
one ofwhich is a positive sharp wave, marked with an arrow
(positivity is upwards in this recording). Notice pronounced
progressive decline in the repetition. The beginning and the
end ofthe basic discharge cannot be defined, but the duration
ofthe cycle and the IDI can be measured between two
successive spikes ofidenticalfibres.
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Fig 2 A bizarre repetitive discharge with a multispike basic complex occurring at a low and regular
repetition rate (about 0-8 Hz). The recording is from a patient with an advanced stage of Duchenne
muscular dystrophy (cffig 4).

20ms

Fig 3 A bizarre repetitive discharge with a relatively low and
very irregular repetition rate (15 to 25 Hz). The recording is
from a patient with a chronic root lesion.

innervation rates. When a multispike voluntary discharge
suddenly became transformed into a bizarre repetitive
discharge the firing rate of the previously active fibres
increased, their order of appearance changed and some of
the fibres blocked. In one of the recordings each basic
complex contained a positive sharp wave which was
believed to trigger the bizarre repetitive discharge (fig 1).
The bizarre repetitive discharges lasting at least some

seconds tended to show three different phases. The first was
a short initial unstable phase, characterized by the presence

of varying numbers of spikes occurring sometimes at
changing intervals or even in a changing order, some of
which disappeared after a few discharges. This was followed
by a stable intermediate phase, when most or all of the
components appeared very regularly. Finally there was a

usually brief terminal phase with intermittent dropping out
of individual components and occasionally with slowing of
the discharge rate. This phase could be missing.

In our recordings the bizarre repetitive discharges
consisted of at least two but usually more different spikes
making up the so called basic complex. Each repetition of
the basic complex is called a cycle. The repetition rate was
from about 0 5 Hz to more than 100 Hz. When the rate was
high it was sometimes difficult to define the beginning and
the end of the basic complex (fig 1). Nevertheless the
discharges of individual muscle fibres could be well
recognised from the shape of the action potentials and thus
the repetition rate and the duration of the basic complex
could be measured. The interval between two consecutive
basic complexes is called interdischarge interval (IDI); it
could be measured between any two successive spikes of
identical fibres. The variability of IDI was calculated as the
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Fig 4 (a) A basic complex with over S0 spike components
(a single cycle is shown). At leastfour different musclefibres
(marked with numbers) fire repetitively within each cycle (4
to 6 times). The recording isfrom a patient with advanced
stage ofDuchenne muscular dystrophy (cffig 2). (b) The
same bizarre repetitive discharge. Fibre 1 with repetitive
discharges within the individual cyclesfires eitherS or6 times
in every other cycle. Whenever itfires 6 times, fibre no 3fires 4
times instead of3 times, andfour additionalfibres (arrows)
appear in the cycle.
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Fig 5 A bizarre repetitive discharge from a denervated muscle consisting oftwo musclefibre action
potentials (marked I and 2). Fibre I fires at irregular intervals, but always time-locked tofibre 2. Fibre 2 is
believed to activatefibre I which in turn reactivatesfibre 2 before the next spontaneous discharges would
occur. (Their action potentials are partly superimposed upon each other). This results in increased
subnormality offibre 2 seen as a profound drop in amplitude, but thefiring rhythm is not disrupted. After
this extra discharge offibre 2 its action potential gradually recoversfrom subnormality. There is also
intermittent blocking ofthisfibre, followed by afaster recovery ofthe amplitude. The blockingsuggests that
fibre 2 is driven by a thirdfibre not seen in the recording.

mean of consecutive interval differences (IDI-jitter). The
IDI-jitter could be lower than 2-5 ,us but was often larger. It
could be considerably larger in the initial and terminal
unstable phases. There were often slow trends in the IDI
with an increase as the bizarre repetitive discharge
approached its abrupt termination. Rarely every second or
every third basic complex was dropping out.

Bizarre repetitive discharges with low repetition rates, for
example below 20 Hz, were less often encountered (fig 2).
Then the IDI was occasionally highly irregular (fig 3). In

other respects there were no principal differences between
the high and low frequency bizarre repetitive discharges.
The basic complex typically contained two to more than

50 spike components. The individual spikes were usually
well spaced, sometimes with long interpotential intervals,
less often partly superimposed on one another. Duration of
the basic complex was often more than 20 ms and up to 170
ms. The spike components most often seemed to belong to
different muscle fibres as indicated by their difference in

shape and independent changes in amplitude on slight
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Fig 6 One ofthe spikes in the basic complex shows gradually increasing IPIfollowed by intermittent
blocking. An increasedjitter (between arrows) isseen in thesuperimposed recordingofabout2Ocycles. (a)
The sequence is repeated several times, as shown in sequential IPI histogram in. (b) A recordingfrom a
partially denervated muscle.
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Fig 7 (a) Continuous recordingfrom a denervated muscle
showing intermittent blocking ofa group ofmusclefibres
(between arrows) in a bizarre repetitive discharge. The
blocking group ofmusclefibres appeared time locked to the
regularly firing pair ofspikes but only occurred in one out of
5 cycles. (b) Temporary blocking oftwo musclefibres
(marked with circles), obviously driven by a thirdfibre
(marked with a star). In the trace marked with the lower
arrow, thisfibre suddenly gave a briefburst resulting in
profound subnormality (evident as change in potentialshape
and amplitude) and block, associated with dropping out of
the two dependentfibres. Seven traces later (upper arrow)
when excitability ofthe secondary activatorfibre is recovered
the whole group reappears in the bizarre repetitive discharge.
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Fig 8 Schematic drawing ofthe suggested mechanism ofbizarre repetitive discharges. a: principal
pacemakerfibre, b: co-pacemakerfibre. c: secondary activator; d: afibre dependent on the secondary
activator. The site ofinitiation ofafibrillation potential starting the bizarre repetitive discharge is marked
with a spark. The low threshold sites at which ephaptic transmission occurs are indicated as black areas.
Transmission block at sites 1 or2 willgive a lowfrequency bizarre repetitive discharge (an open loop bizarre
repetitive discharge) or stop the bizarre repetitive discharge altogether. Block at site 3 will result in
concomitant, block at site 4 in a single spike blocking.

movement of the recording electrode. Sometimes, how- a reliable identification of individual mus(
ever, the same fibre generated a train of spikes within the action potentials, as well as precise measure
basic complex. This was evident from their decreasing the IDI and IPI-jitter. An important finding i!
amplitude and recovery after regular pauses (fig 4) or after jitter, that is less than 5 ,us, between the in
drop out of individual discharges (fig 5).
During the stable intermediate phase of the bizarre spike components, as well as between con

repetitive discharge sequence the jitter between individual discharges. Such a low jitter is never obtain
spikes (the IPI-jitter) was typically less than 5 .Ls. In the an impulse transmission occurs across a mc
initial and terminal phases this jitter could be much larger plate, as for instance in intramuscular ner
and associated with intermittent drop out of the most lation. Thus the finding of low jitter is interl
unstable components (fig 6). The drop out could be quite evidence of direct electrical, that is i

regular, for example one out of five discharges, and as a rule activation. The following sequence of e
gradually became more frequent. Sometimes the degree of proposed in the generation of a bizarre r
drop out decreased during the bizarre repetitive discharge. discharge (fig 8).
Occasionally two or several spike components showed a The discharge is initiated by a sponta
concomitant jitter and blocking (fig 7). fihrilltind muscle fibre the Drincinle pa

Discussion

The site of origin and the way of spreading of bizarre
repetitive discharges have been questioned by earlier
workers. Nerve blocks and curare failed to abolish
these discharges.'9 It was concluded therefore that
they are started in the muscle fibres and in some way
extraneurally transmitted to neighbouring fibres.

Bizarre repetitive discharges are considered a non-
specific finding seen both in neurogenic disorders and
in myopathies, in normal urethral sphincter muscle"
and in Schwartz-Jampel syndrome seen by us and
also reported by others. 2 Recently one of us (ES) had
the opportunity to study five horses referred with
cramps as the only clinical feature. EMG showed
typical bizarre repetitive discharges that persisted
after a paralysing dose of curare. The present study
did not reveal any significant difference between the
bizarre repetitive discharges recorded in the different
disorders and are therefore discussed together.

Single fibre EMG used in the present study allowed
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fibre. This fibre ephaptically activates one or several
adjacent muscle fibres, when its action potential
passes low threshold sites scattered along their
membrane. One of these muscle fibres in turn
ephaptically re-activates the principal pacemaker,
which is thus discharged earlier than it would fire
by itself. This fibre is called the co-pacemaker (in
our earlier reports co-principal pacemaker or
accelerator' I 1i3). A closed loop is thus created. The
impulse conduction time through the loop will
determine the cycle time and the repetition rate.
Ephaptic reactivation of the principal pacemaker
fibre explains the low IDI-jitter while short loops
account for the relatively high repetition rates.
On the other hand, all of the bizarre repetitive

discharges do not have a low IDI-jitter. This is
particularly true of the bizarre repetitive discharges
with low repetition rates where the interdischarge
intervals may even be highly irregular (see fig 3). It is
believed that in these cases the co-pacemaker fibre is
missing and thus the loop remains open. Then the
bizarre repetitive discharge exclusively depends on
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the firing rhythm of the principal pacemaker fibre,
which is correlated to the time course of the
supernormal excitability of the site of impulse
initiation. The IDI-jitter will necessarily be larger, for
example similar to that of fibrillation potentials.
Exceptionally even a closed loop bizarre repetitive
discharge may show a high IDI-jitter, owing to
threshold ephaptic transmission from the co-
pacemaker to the principal pacemaker. This however
can only occur for a short period of time, for example
in the terminal unstable phase.
The bizarre repetitive discharge will last until either

the principal pacemaker or the co-pacemaker fibre
have become sufficiently subnormal to block. This
will then result in an abrupt termination of the whole
bizarre repetitive discharge. The increasing subnor-
mality may be recognised from slightly increased IDI
and IPI jitter just a few cycles before the end of the
bizarre repetitive discharge. Another possible cause
of termination of a bizarre repetitive discharge might
be an extra-discharge from another generator site,
blocking the impulse in the- loop by collision.

Within the basic complex, some fibres may serve as
secondary activators, each recruiting one or more
additional fibres. This explains the occasional drop
out from the basic discharge of a group of spikes
which may immediately before show an increased
jitter (concomitant jitter and blocking), evidently due
to increasing subnormality and to rising threshold
of the secondary activator. The phenomenon of
repetitive discharges of individual muscle fibres
within each individual cycle is probably due to
repetitive extra-discharges'0 14 in one fibre. Such
extra-discharges could even act as secondary
activators as shown in fig 4.
The occasional finding of a drop out of, say every

second or third cycle, can be interpreted as blocking
of a secondary activator with its dependent fibres, the
principal pacemaker and the co-pacemaker fibres
being too remote to be recorded by the micro-
electrode.
The IPI jitter between the different spikes in the

basic complex was typically low, that is less than 5 ,us.
Occasionally, one or several spikes could show
gradually increasing jitter followed by intermittent
blocking at regular, but increasing rates. This is again
interpreted as a result of increasing subnormality of
the site of ephaptic transmission. The blocking spike
might have no influence on the firing rate of the basic
complex. Sometimes however such single spike
blocking might, after just a few more cycles, be
followed by termination of the whole discharge. This
may indicate that even such fibres, evidently not
entirely indispensible for the bizarre repetitive
discharge, may nevertheless support it, possibly by
providing subdepolarisation of either the principal

pacemaker or the co-pacemaker fibre.
Duration of the basic complex, which was most

often between 10 and 50 ms, was in the average longer
than the multiple spike recordings that could be
obtained during voluntary activation in chronic
partial denervation and even in dystrophic muscles.
This long duration of the bizarre repetitive discharges
could be due to scattering of the low threshold sites
along the muscle fibres, which function as sites of
ephaptic transmission. Another possible explanation
would be slow conduction in atrophic muscle fibres,
giving rise to long loop time.
The presence of the needle electrode as a

mechanical stimulator is evidently not needed for the
generation of bizarre repetitive discharges as they
could be recorded with a subcutaneously placed needle
electrode or with surface electrodes and were seen to
start in the absence of any obvious mechanical or
other stimulus, giving rise to cramps in the completely
denervated biceps brachii muscle of the patient with
syringomyelia. Such cramps also occur in patients
with amyotrophic lateral sclerosis. On the other
hand, mechanical stimulation may provoke bizarre
repetitive discharges, as is known from clinical EMG.
Figure 1 shows such a case where a positive sharp
wave was elicited by the movement of the electrode
and took part in a bizarre repetitive discharge;
conceivably it could have acted as a pacemaker for
the whole discharge.

In a dystrophic muscle, bizarre repetitive dis-
charges may have started in presumably normally
innervated muscle fibres. This has been seen to occur
when voluntary discharges exceeded certain
frequency. Then the previously voluntary discharging
fibres took up an even higher firing rate, either
resulting in a higher repetition rate of the basic
discharge or in repetitive extra-discharges within the
individual cycles. Sites with abnormally low
depolarisation threshold, which is even decreased
during high frequency voluntary discharges are
probably responsible for the initiation of the bizarre
repetitive discharge.
The high amplitudes of individual spike com-

ponents in bizarre repetitive discharges seem to speak
against substantial atrophy of these fibres. Whether
this means that the same fibres participate in bizarre
repetitive discharges for a considerable time which
prevents atrophy or indicates that bizarre repetitive
discharges are more likely to occur in larger fibres is
so far not known.

This work was supported by the Research Council of
Slovenia, Grant No 90 (JT) and by the Swedish
Medical Research Council, Grant No 135 (ES).
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