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Abstract

Objective

Recent diagnostic criteria for functional movement disorders have proposed
a “laboratory supported” level of diagnostic certainty where the clinical
diagnosis is supported by a positive test. For functional myoclonus the
Bereitschaftspotential (BP) is generally accepted as a positive laboratory test.
We hypothesised that a different EEG measure, event-related
desynchronisation (ERD), might be more effective.

Methods

We analysed 20 patients with functional propriospinal myoclonus (fPSM) and
9 controls with organic myoclonus and performed back-averaging for BPs
plus time-frequency decomposition to assess ERD and calculated sensitivity
and specificity for both techniques.

Results

The BP was present in only 25% of patients with fPSM while the majority
showed a significant ERD (mean 38hz; sensitivity 65%). ERD was significant
at the group level (p<0.001), but not the BP (p>0.05). Both BP and ERD were
absent in our control group.

Conclusion

ERD in high-beta may be a useful new test for positive diagnosis of

functional myoclonus.



Introduction

Functional (psychogenic) movement disorders (FMD) are common and
disabling. There has been a shift in diagnostic criteria in recent times.
Reliance on the presence of psychological comorbidity or of traumatic life
events has been reduced in favour of positive clinical signs that differentiate
such patients from those with organic movement disorders. This is a shift
which mirrors that which has occurred in the diagnosis of functional

neurological disorder/conversion disorder in general (DSMV, [1].

Recent diagnostic criteria for FMD have proposed a “laboratory supported”
level of diagnostic certainty via the use of specific positive laboratory tests
to support the clinical diagnosis [2]. Tests have been proposed and validated
for functional tremor [3]. For functional myoclonus, the presence of a pre-
movement or Bereitschaftspotential (BP) is proposed as diagnostically useful
[4]. The BP is a slow rising (negative) potential seen in the EEG about a
second or so before self-paced movement in healthy people, but which is
also seen in patients with functional myoclonus prior to their myoclonic
jerks. Whilst BPs appear to be useful to support the diagnosis of functional
myoclonus they are limited by low sensitivity and require multiple events
for reliable interpretation. In addition, it is uncertain how neural activity

represented by BPs relates to movement preparation and execution.

Recently, a new explanatory model for functional neurological symptoms



including FMD has been proposed, highlighting the role of self-directed
attention and expectations [5]. It proposes that triggering
(physical/emotional) factors lead to the development of new expectations
reflecting abnormal motor/sensory states residing in intermediate cortical
levels (e.g. supplementary/premotor areas for motor symptoms). Directed
attention can, via increasing the gain on these attended channels, cause
movements or percepts in keeping with the abnormal expectations.
Hierarchically higher cortical areas, such as the prefrontal cortex, do not
predict these abnormal movements/percepts which leads to symptoms

being perceived as involuntary by patients.

There is now empirical and theoretical evidence that gain in attentional
networks may be indexed and in part contributed to by oscillations, with
reductions in beta/low-gamma power occurring prior to cued or self-paced
movements [6]. In light of this, and the theoretical model for FMD outlined
above, we hypothesised that event related desynchronisation (ERD) might
therefore precede movements in functional myoclonus. If this hypothesis is
correct, then ERD might be a new diagnostic marker for functional
myoclonus, as well as supporting an attention based pathophysiological

model of FMD.

Methods

We selected 20 patients from a previously published cohort of patients with



functional propriospinal myoclonus (fPSM) [7]. Propriospinal myoclonus is a
hyperkinetic movement disorder characterised by axial jerks [8]. Recently, it
has become clear that propriospinal myoclonus has a functional
(psychogenic) origin in the majority of cases [9]. Patients included in this
study were diagnosed with fPSM based on a range of features including BPs,
variable recruitment pattern/long duration of movements, placebo response
to botulinum toxin injection and resolution of symptoms with
physical/cognitive rehabilitation. Nine patients with organic,
electrophysiologically confirmed, cortical myoclonus were included as a
control group as fPSM is believed to be cortically driven in light of the
effects of attention and the presence of BPs in many patients. All patients
had previously undergone EEG with simultaneous EMG recordings. EEG was
recorded from fronto-central areas (F3,C1,Cz,C2,F4,FPz) with bilateral
earlobe references. To focus on the motor network and reduce effects of eye
movement artefacts, only central channels (C1,C2,Cz) were analysed.
Electrical impedance was <5kQ and the bandpass filter was set at 0.05-
350Hz. EMG was recorded with surface electrodes located on muscles

involved in the movements with bandpass filtering set at 25-1250Hz.

All movement recordings were visually inspected for artefacts and EEG data
was epoched from -6 to +6 seconds relative to movement onset. For analysis
of the BP, EEG movement-locked back-averages were calculated across

events. The BP was clinically defined, in keeping with conventional criteria,



as a negative electrical shift that increased over time (amplitude >5 uV).
Time frequency decomposition was performed using the Multitaper method
[10] with logRatio baseline correction rescaling (-5s to -4s). In order to be
able to reliably compare the two methods, events were then statistically
analysed from 4 seconds before until 4 seconds after the onset of movement
using Statistical Parametric Mapping (SPM, version 12b). Time frequency
data were converted to statistical images and smoothed. A one-sample t-test
was performed on all individual images to determine regions in time-
frequency space where power was above (+ve contrast) or below baseline (-
ve contrast). Significant changes in power were defined as a
desynchronisation of beta/low gamma (13-45 Hz) at a statistical threshold of
p<0.05 (corrected at the cluster level) in each subject. A second one-sample
t-test (p<0.05, Family Wise Error (FWE) corrected for multiple comparisons)
was then performed to assess group level spectral power decreases /
increases including all single subject negative and positive contrasts,
respectively. The negative electrical shift prior to the movements
representing the BP was also statistically analysed by converting the data to
images and using a one sample t-test to assess if the maximum negative
deflection significantly deviates from the mean electrical potential prior to
the jerks. Significant changes in the BP were assessed using the same
statistical criteria as in the time frequency analysis at the individual and

group levels, with the same multiple comparison correction.



Results

Mean ages in the fPSM and control groups were 44 and 48 years respectively.
Gender distribution (M:F) was 10:10 in fPSM and 6:3 in controls. The mean
number of events in the fPSM group was 63.2 +- 7.1 and 23 +- 1.4 for
controls. The control group included cases of both primary and secondary

cortical myoclonus (table 1).

Using the 5uV conventional criteria, 10 fPSM patients (50%) had a BP.
However, when BPs were analysed statistically, only 5 subjects (25%) showed
supra-threshold decreases in electrical potential at a p<0.05 (cluster
corrected) significance level. In the frequency domain using the same
statistical criteria, 13 of fPSM patients (65%) had significant
desynchronisation of high beta (n=4), low gamma (n=6) or both (n=3). Most
subjects with a BP also had desynchronization except for two (subject 3 and
9). The average number of events was 71 in the BP-positive group (49 in BP-
negative) and 65 in the ERD-positive group (51 in the ERD-negative), there
were no remarkable differences in age or gender between positive and

negative groups.

The BP and ERD results of subject 15 demonstrating an ERD in the absence

of a BP are shown as an example (Fig. 1a and b).

Group level (second-level) analysis demonstrated a significant ERD 1.5



seconds prior to movements in patients with fPSM centred at 39 Hz (t= 9.2,
p<0.001, FWE corrected) (Fig. 1 c). At a less conservative threshold a
significant peak of resynchronization in high beta centred around 27 Hz
(t=5.1, p<0.001, uncorrected) was also seen 1.5-2 seconds after the
movements. There was no significant group level effect in the BP data at
either p<0.05 FWE corrected or p<0.001 uncorrected. Neither BPs nor ERDs

were present in the control subjects at the individual or group levels.

Discussion

Event related desynchronization (ERD) appears to have potential as an
electrophysiological measure capable of providing a “laboratory supported”
level of diagnostic certainty in patients with functional myoclonus. Using
rigorous, matched, statistical methods, 25% of patients demonstrated a
statistically significant BP, whereas 65% of patients showed a significant ERD
prior to their movements. We propose that the ERD could therefore be a
valuable diagnostic marker to positively identify patients with functional
myoclonus. Due to its better sensitivity compared to BP, it may be
particularly useful for assessing patients with infrequent movements.
Furthermore, an optimal, statistically validated, threshold could be used
instead of the full statistical methodology utilised here to simplify clinical
implementation. The research priority is now for a prospective study to
attempt validation of these findings and to provide further comparison of

sensitivity and specificity with BP assessments. Although a control group



with myoclonus of non-cortical origin would theoretically be suitable as
well, we think that the absence of (cortically generated) ERD in patients with
cortical myoclonus strengthens our conclusions. Oscillations in the
beta/gamma frequency ranges are the product of synchronisation across
populations of neurons, modulate prior to movements and may control gain
in the motor network related to attention [11]. The finding of ERD prior to
functional myoclonic jerks is predicted by the attention based model of

functional neurological disorders recently proposed [5,6,12].

These spectral techniques may be beneficial for positive diagnosis (and
pathophysiological investigation) of other paroxysmal functional
neurological conditions with few events, for example psychogenic non-
epileptic seizures. In addition to its diagnostic potential, if this biomarker is
validated, exploration of techniques that could directly influence spectral
power such as EEG biofeedback, non-invasive stimulation and specific

medication, could provide interesting new avenues for treatment.
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Figure legend

Figure 1: Bereitshaftspotential and Event Related Desynchronization

A. Single subject data (subject 15, 65 movements) demonstrating mean voltage +- SEM with
absent Bereitshaftspotential prior to movement onset at channel Cz (red dashed line shows
conventional deflection criteria for BP). B. Normalised high beta/gamma power (31-45 Hz)
+- SEM demonstrating a significant reduction in power starting 3 seconds prior to
movement in the same subject. C. Statistical image demonstrating significant group level
(n=20) reductions in spectral power relative to baseline with a signficant cluster centred

around 39 Hz (displayed clusters are significant at p<0.05, FWE corrected).
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