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Abstract: Background: Clinical neurophysiology (CNP) involves the use of neurophysiological techniques to
make an accurate clinical diagnosis, to quantify the severity, and to measure the treatment response. Despite
several studies showing CNP to be a useful diagnostic tool in Movement Disorders (MD), its more widespread
utilization in clinical practice has been limited.

Objectives: To better understand the current availability, global perceptions, and challenges for implementation
of diagnostic CNP in the clinical practice of MD.

Methods: The International Parkinson and Movement Disorders Society (IPMDS) formed a Task Force on CNP.
The Task Force distributed an online survey via email to all the members of the IPMDS between August 5 and
30, 2021. Descriptive statistics were used for analysis of the survey results. Some results are presented by
IPMDS geographical sections namely PanAmerican (PAS), European (ES), African (AFR), Asian and

Oceanian (AOS).

Results: Four hundred and ninety-one IPMDS members (52% males), from 196 countries, responded. The
majority of responders from the AFR (65%) and PAS (63%) sections had no formal training in diagnostic CNP
(40% for AOS and 37% for ES). The most commonly used techniques are electroencephalography (EEG) (72%)
followed by surface EMG (71%). The majority of responders think that CNP is somewhat valuable or very
valuable in the assessment of MD. All the sections identified “lack of training” as one of the biggest challenges
for diagnostic CNP studies in MD.

Conclusions: CNP is perceived to be a useful diagnostic tool in MD. Several challenges were identified that
prevent widespread utilization of CNP in MD.

Clinical neurophysiology (CNP) in movement disorders neuromuscular and sleep disorders. Although CNP has been uti-

(MD) involves utilizing objective neurophysiological techniques
as an extension of neurological exam to help make accurate clin-
ical diagnosis, quantify the severity, and measure the treatment

response. CNP is widely used for these purposes in epilepsy,

lized extensively for research, significantly contributing and for-
ming the bedrock of our understanding of pathophysiology of
MDs, its utilization in clinical practice has been limited. Despite

several studies showing CNP to be useful as a diagnostic tool, its
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more widespread utilization in MD clinical practice has been
limited."™ Different challenges limit the utilization of CNP in
different geographical regions, as the practice of neurology (and
medicine in general) varies globally.

The International Parkinson and Movement Disorders Society
(IPMDS) recognized the need to better understand the current
availability, global perceptions, and challenges for more wide-
spread utilization of diagnostic CNP in the clinical practice of
MD. To address these knowledge gaps a Task Force on Clinical
Neurophysiology was convened and an online survey tool was
created to answer these questions and obtain input from IPMDS
members. In this manuscript, we present the results of this online
survey on behalf of the Task Force.

Methods

An international Task Force comprised of investigators with clin-
ical and research expertise in clinical neurophysiology was orga-
nized, ensuring fair representation from different IPMDS
subsections. Several meetings were organized to discuss the cur-
rent challenges for CNP in different geographic regions and
based on the inputs and deliberations over virtual meetings an
online survey was created and approved. The IPMDS sent
an email invitation to all its members to complete the online sur-
vey, which was available between August 5 and 30, 2021.
Descriptive statistics were used for presentation of the survey
results. Some results are presented by IPMDS geographical sec-
tions namely PanAmerican (PAS), European (ES), African
(AFR), Asian and Oceanian (AOS). Chi-square tests were used
for comparisons between geographical sections with Bonferroni
correction and presented in supplementary material. For
between-section comparisons, the ES group was arbitrarily
selected as a reference to minimize the number of comparisons.
For ordinal categorical answers such as: “strongly disagree, dis-
agree, neutral, agree, and strongly agree,” a weighted average
was calculated by assigning an ascending value to the responses
with an incremental meaning (strongly disagree =1,
disagree = 2, neutral = 3, agree = 4, strongly agree = 5) and
then calculating the average value of all the responses. Average
closer to 1 means that most responders tend to disagree,
average of 3 means that responses were balanced between agree
and disagree, average closer to 5 means that most responders
tend to agree. For between geographical regions comparisons,
the answers were grouped into three levels: agree, neutral, dis-
agree and chi-square was used. ES group was used as a refer-

ence group.

Results

Survey Population

The survey was sent to 10,389 IPMDS active members by email.
Four hundred and ninety-one IPMDS members (52% males),

from 196 countries, responded to the survey (the number of
responses per section were: PAS = 118, ES = 142, AFR = 54,
AOS = 174 and 3 participants unknown). 69% were Neurolo-
gists, 11% Neurologists in-training (Neurology residents and MD
fellows) and the rest were PhD scientists (7%), physical and occu-
pational therapists (4%), neurosurgeons (1%). A quarter of the
responders (24%) have been in practice for less than 5 years and
another quarter (26%) for more than 20 years. 73% of responders
work in an academic setting. 40% of the responders see less than
10 MD patients per week and 39% of them see 10-30 MD
patients per week. Majority of responders from the AFR (65%)
and PAS (63%) sections had no formal training in diagnostic
CNP (40% for AOS and 37% for ES).

CNP Availability

CNP is available to the majority of responders from the ES and
AOS for patients with tremor (ES:78%, AOS:60%), jerk-like
movements (ES:66%, AOS:62%), dystonia (ES:70%, AOS:54%),
parkinsonism (ES:58%, AOS:52%) and functional movements
(ES:59%, AOS:50%) (Fig. 1, see between-group comparisons in
Table S1). CNP is available for the majority of responders from
the PAS section only for jerk-like movements (58%) and dysto-
nia (56%). In the AFR section, CNP is available to a minority of
responders for all MD.

For CNP studies of tremor, jerk-like movements and dysto-
nia, most responders reported that they refer their patients. For
the question, “what percentage of your patients with each condi-
tion, do you refer/perform a CNP study?,” the majority of the
responders answered less than 25% for every condition (Fig. 2—
see break down per geographical region in Figure S1). Also, the
majority of the responders answered that they perform/refer <10
studies/patients per month for every condition.

The most used CNP techniques were electroencephalography
(EEG) (72%) followed by surface EMG (71%). The other tech-
niques reported to be used were peripheral nerve stimulation
(47%), somatosensory evoked potentials (47%), gait analysis
(29%), accelerometry (27%), surface EMG burst duration (26%),
coherence (EMG-EMG or EEG-EMG) (23%), balance testing
(22%), back averaging (including Bereitschaftspotential) (20%),
qualitative review of raw EMG and accelerometric traces (19%),
fast Fourier transform (17%), long loop reflex (c-reflex) (16%).

Perception of CNP Utility

The majority of responders think that CNP is somewhat valuable
or very valuable in the assessment of every condition. More than
10% of the responders think that CNP is not valuable for parkin-
sonism, ataxia, tics and chorea; whereas for all other conditions
the responders who think that CNP is not valuable were less
than 10% (Fig. 3—see break down per geographical region in
Figure S2). More than 10% of the responders did not know how
valuable CNP is in the assessment of all conditions [except for
tremor (7%)].

The majority of participants agreed or strongly agreed that
CNP “is an extension of clinical exam” (weighted average 3.91),
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Is CNP available for each condition?
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Figure 1. Percentage of responders who responded “available” to the survey question “Is clinical neurophysiology (CNP) available for
each condition?”. Results presented by International Parkinson and Movement Disorders Society section.

that “it can reinforce or change clinical diagnosis” (weighted
average 3.93), and that “it can change management” (weighted
average 3.81). The participants tended to disagree with state-
ments such as “it is too complicated to interpret” (weighted aver-
age 2.7), “its diagnostic yield is too low” (weighted average 2.6)
and “it is not necessary in clinical practice” (weighted
average 2.2).

Challenges

Regarding the cost of the studies, in the AFR section the major-
ity of the responders indicated that the patient covers part or all
the cost. In contrast, the majority of the responders from ES
answered that the government covers part or all of the cost
(Fig. 4). The ES section had statistically significantly more

Do you perform the CNP studies or refer the patients?
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Figure 2. Absolute number of responders who perform clinical neurophysiology (CNP) studies or refer their patients for each condition.
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How valuable is CNP in the assessment of each condition
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Figure 3. Percentage of answers to the question “How valuable is CP in the assessment of each condition?”.

responders compared to all the other sections, who indicated that
the government covers the cost and statistically significantly less
responders who indicated that the patient covers the cost (see
between-group comparisons in Table S2).

The responders from the AFR section were neutral about
whether “the benefits can justify the cost”. However, responders
from all other sections tended to agree that “the benefits can jus-
tify the cost” (weighted averages were AOS: 3.6, ES: 3.8 and
PAS: 3.6). All sections except the ES agreed that two of the

biggest challenges for diagnostic CNP studies in MD are the cost
to perform (weighted averages were AFR: 3.9, AOS: 3.3, PAS:
3.5 and ES: 2.9) and the lack of reimbursement scheme
(weighted averages were AFR: 4.1, AOS: 3.5, PAS: 3.5 and ES:
2.6) (Between sections comparisons in Table S3).

All the sections identified “lack of training” as one of the big-
gest challenges for diagnostic CNP studies in MD (weighted
averages were AFR: 4.5, AOS:4.1, ES:4.1 and PAS:4.3). Other

challenges were the “lack of normative values” (weighted

Coverage of cost (contribution of government/patient/insurance
partly or as a whole)
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Figure 4. Percentage of answers regarding cost coverage for clinical neurophysiology studies, by International Parkinson and Movement

Disorders Society section.
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average for all sections 3.85), “lack of referral base” (weighted
average for all sections 3.63), “difficulties to interpret” (weighted
average for all sections 3.46) and “lack of standardized equip-

ment” (weighted average for all sections 3.46).

Future Directions

The vast majority of the responders (93%) suggest that MD train-
ing curriculum should include training in diagnostic CNP. Also,
the majority (90%) is interested in participating in training courses.

Discussion

This manuscript presents the results of a survey on CNP in
movement disorders as part of the work of the IPMDS Task
Force on CNP. With this survey the Task Force attempted to
describe the availability and utility of CNP as well as the percep-
tions and challenges for wider adoption of these tools. Four hun-
dred and ninety-one responses from 196 countries were thought
to be representative of the global medical community that treats
patients with MD. The results are biased towards more academic
representation (73% of responders).

Regarding the worldwide availability of CNP, we identified a
geographical pattern of reduced availability in the PAS and AFR
sections compared to the ES and AOS. A similar pattern was
identified with regards to CNP training, as less responders from
the PAS and AFR sections had formal training on CNP, com-
pared to the ES and AOS. This could be explained by the fact
that CNP is not part of the formal training curriculum in MD
fellowship in the PAS and AFR section, whereas in the ES and
AOS formal CNP training is commonly incorporated in resi-
dency and fellowship.

As regards CNP availability for different MDs, the majority of
participants responded affirmatively for tremor, jerk-like move-
ments, and functional neurological disorders. This aligns with the
current literature on this subject, with several studies showing
good utility of CNP for diagnostic testing for these disorders.”™
The current evidence about utility of CNP for diagnostic pur-
poses in parkinsonism and dystonia and higher than expected
response for these disorders is unclear. It is plausible that the
responses could have been confounded by utilization of these
tests for differential diagnosis of tremor and jerk-like MDs, which
are common phenotypes in Parkinsonism and dystonias. Utiliza-
tion of EMG guidance for botulinum toxin injections for dysto-
nia could have potentially also been considered use of CNP.

Overall, CNP is perceived to be a useful diagnostic tool in
MD, as the majority of the responders have a positive opinion
about its utility. The conditions that CNP is thought to be most
useful are tremor, jerk-like movements, gait/balance and func-
tional movement disorders. Only a small percentage of the
patients with MD (<25%) receive a CNP study which may be
due to limited utilization or limited need. The most useful tech-
niques are EMG, EEG and peripheral nerve stimulation, but the
questions did not differentiate exactly in what ways these tech-
niques are used. We suspect that the most common use of EEG

350 MOVEMENT DISORDERS CLINICAL PRACTICE 2024; 11(4): 346-351. doi: 10.1002/mdc3.13974

in movement disorders is in the setting of back averaging (for
cortical myoclonus or readiness potentials), somatosensory
evoked potentials or EMG-EEG coherence. This information
can be valuable for estimation of equipment and procedural cost
as well as utilization rates calculations.

The challenges for each geographical section are different,
reflecting the heterogeneity of health systems in different coun-
tries. In Europe, where national health systems are common, the
government covers most of the cost and consequently the cost to
perform and reimbursement are not perceived as major chal-
lenges. However, this is not the case for other regions such as
the AFR where most frequently the cost falls on the patient.
Perhaps, more studies towards the sensitivity and specificity of
CNP testing in MD will provide evidence for a compelling
argument for government and health insurance to cover more of
the cost. Another significant challenge is the “lack of training”
with the vast majority of responders thinking that CNP should
be part of the MD training curriculum. It is interesting to note
that the vast majority of responses of this survey (73%) come for
academic settings and based on the demographic characteristics
of the responders, the need for more training is likely echoed by
both the trainers and trainees. Therefore, MD training programs
should take this into account when updating their curricula.
Also, CNP programs that are mainly focused on epilepsy and
neuromuscular disorders, could consider expanding their scope
to include CNP techniques for MD. In addition, the majority of
the participants expressed interest in training courses which high-
lights an opportunity for organizations like the IPMDS to expand
its training programs towards this direction. Finally, “lack of stan-
dardized procedures” and “lack of standardized equipment” are
challenges and an opportunity for future work. Furthermore, a
recent paper on this topic showed that there is a lack of evidence
for almost all the tests.” The effort for validation of electrodiagnostic
criteria for functional movements disorders should serve as an exam-
ple for similar work in other movement disorders.*

Although we consider our sample of responders to be repre-
sentative of the global community of providers that treat MD,
we cannot ignore the fact that the nature of the study, being an
online survey, makes it vulnerable to selection bias. IPMDS
members not interested in CNP might have ignored the email invi-
tation. However, our results were not heavily biased by responders
who are directly involved in CNP studies, and a large proportion of
the responders do not perform CNP studies but refer their patients.
Another limitation is that the survey captured responses from only a
small fraction of all the MD providers worldwide; however, the
participation and response rates were comparable to prior MDS sur-
veys on different topics.

In summary, this survey highlights that IPMDS members
have a positive opinion about the utility of CNP in the prac-
tice of MD but the lack of training and cost are two important
challenges that need to be addressed before CNP is widely
adopted. The IPMDS has now formed a study group on CNP
as the next step after the completion of the Task Force goals.
The study group will conduct several projects on this topic and
welcomes IPMDS members to participate and put forward

their opinions.
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Figure S1. Absolute number of responders who perform
CNP studies or refer their patients for each condition. Break
down by geographical region.

Figure S2. Percentage of answers to the question “How valu-
able is CP in the assessment of each condition?”. Break down by
geographical region.

Data S1. Supporting information.

Table S1. CNP availability. Between geographical sections
comparisons. ES group was used as a reference group. Significant
values are noted with an asterisk (based on Bonferroni correction).

Table S2. Cost coverage. Between geographical sections com-
parisons. ES group was used as a reference group. Significant values
are noted with an asterisk (based on Bonferroni correction).

Table S3. Answers were grouped into three levels: agree, neu-
tral, disagree, and between groups, comparisons were performed.
ES group was used as a reference group. Significant values are
noted with an asterisk (based on Bonferroni correction).
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