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Background: The differential diagnosis of Parkinson’s disease (PD) with multiple-system
atrophy (MSA) is difficult because of their similarity in symptoms and signs. The objective of
this study was to investigate the value of external anal-sphincter electromyography (EAS-EMG)
and urethral-sphincter electromyography (US-EMG) in differentiating MSA from PD.
Methods: A total of 201 patients, — 101 MSA and 100 PD — were recruited in this study.
Average duration and amplitude of motor unit potentials (MUPs), percentage of polyphasic
MUPs, amplitude during strong contractions, and recruitment patterns during maximal
voluntary contractions were recorded and analyzed to assess diagnostic efficiency of EAS-
EMG and US-EMG for MSA.

Results: Significant differences in average MUP duration and recruitment patterns during max-
imal voluntary contractions were found between patients with MSA and patients with PD using
both EAS-EMG (P<0.001, P<0.001) and US-EMG (P<0.001, P<0.001). The percentage of
polyphasic MUPs and amplitude during strong contractions showed significant differences in
MSA and PD using only EAS-EMG (P<0.001, P=0.005). Cutoff points for average MUP duration
in EAS-EMG and US-EMG for differential diagnosis of MSA with PD were 10.9 and 11.1
milliseconds, respectively. With average MUP duration of EAS-EMG and US-EMG being applied
jointly, sensitivity and specificity in distinguishing MSA from PD were 83.2% and 71.8%,
respectively.

Conclusion: EAS-EMG and US-EMG were sensitive and specific methods for the diagnosis
and differential diagnosis of MSA, and the combination of both would improve the diag-
nostic rate of MSA compared to only one method being used.
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Introduction
Multiple-system atrophy (MSA) is a rare sporadic and progressive neurodegenerative
disorder of the central nervous system characterized by various combinations of parkin-
sonism, cerebellar ataxia, autonomic dysfunction, and corticospinal symptoms,'* and the
underlying mechanisms of the disorder are still poorly understood. The disorder is
divided into two categories: MSA with predominant parkinsonism (MSA-P) and MSA
with cerebellar features (MSA-C).> The designation of MSA-P or MSA-C is determined
by the dominant feature at the time of evaluation, which may change with time.
Possible, probable, and definite MSA are three diagnostic levels for the disorder.
Possible or probable MSA is diagnosed based mainly on clinical presentation and
image manifestations.* Additionally, probable MSA is characterized by poor levodopa-
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responsive parkinsonism. A definite diagnosis of MSA relies
on pathological findings of high-density of a-synuclein-posi-
tive glial cytoplasmic inclusions associated with degenera-
tive changes in striatonigral and olivopontocerebellar
pathways. Progressive atrophy in the cerebral cortex, brain
stem, and cerebellum can be detected on brain magnetic
resonance imaging.’ The existence of relatively specific
imaging findings, such as hot cross—bun sign of the pons,
putaminal slit syndrome, and hypointensity signal of poster-
olateral putamen on 7,-weighted images, increases the like-
lihood of a diagnosis of MSA in long-standing cases.®” In the
early phase of the disease, patients with MSA often present
with symptoms and signs of autonomic nervous system
dysfunction, but without findings on imaging.

It has been suggested that both MSA and Parkinson’s
disease (PD) have
however, the underlying pathophysiological mechanisms are

different.®” One of the pathological hallmarks of MSA is the
10-12

similar autonomic nerve damage;

degeneration of Onuf’s nucleus,
MSA
Onuf’s nucleus.'*'* External anal-sphincter electromyography
(EAS-EMG) and urethral sphincter (US) EMG can detect the
denervation and reinnervation of the sphincter muscle in motor

and the pathogenesis of

is related to the loss of motor neurons in

unit potentials (MUPs), reflecting basically the loss of neurons.
Therefore, EAS-EMG may have diagnostic value for MSA."
Mean duration of MUPs in EAS-EMG is most sensitive in the
differential diagnosis of MSA with other parkinsonism-related
diseases, such that it may be taken as a supportive diagnostic
method for MSA.'® US-EMG may help monitor the function
of the US in maintaining urinary continence,'”"'® and US-EMG
has been proposed as routine testing for patients with suspected
MSA in some hospitals.'® Although several studies have
reported potential diagnostic value of EAS-EMG and US-
EMG for MSA, the findings of those studies were limited by
small samples.”''? Further study of the differentiation of
MSA from PD by using EAS-EMG and US-EMG is needed.
To investigate whether EAS-EMG and US-EMG are helpful
for the diagnosis of MSA and the differentiation of MSA from
PD, we recruited 201 patients: 101 with MSA and 100 with
PD. Relevant parameters of EAS-EMG and US-EMG were
recorded and analyzed.

Methods

Participants

Study patients with suspected MSA or PD were recruited
from in- and outpatients and interviewed by two experi-
enced neurologists in the Department of Neurology at

Sixth Medical Center of Chinese PLA General Hospital
from March 2015 to March 2018. This study was approved
by the ethics committees of the Sixth Medical Center of
Chinese PLA General Hospital and was conducted in
accordance with the Declaration of Helsinki. Written

informed consent was obtained from all subjects.

Criteria

Patient sex was not confined, and clinical diagnoses of MSA
and PD were in strict accordance with the diagnostic criteria
of MSA by Gilman et al and the UK PD Society Brain Bank
Clinical Diagnostic Criteria by Daniel and Lees,**° respec-
tively. Exclusion criteria were consistent with those for MSA
diagnostic criteria by Gilman et al and the UK PD Society
Brain Bank Clinical Diagnostic Criteria by Daniel et al;
patients with mental disorders that may compromise the
evaluation of MSA; uncooperative patients due to distur-
bance of consciousness and severe cognitive impairment;
cardiac, hepatic, renal, or multiple-organ insufficiency; use
of heart pacemakers; deafness where unable to communicate
or cooperate with the examination; inability to cooperate
with EMG testing due to local infection around the anus or
urethra; and sphincter-dysfunction syndrome caused by com-
bined sacral disorders.

Study Design

Enrolled patients had electrophysiological examinations
done by technicians blind to diagnoses and were followed
up by neurologists (also blind to diagnoses) every 6 months.
During follow-up of at least 1 year, diagnoses were con-
firmed by three experienced neurologists based on diagnos-
tic criteria and EMG results. Patients with probable MSA
and PD would be considered final for diagnoses and follow-
up. Patients with possible MSA would be followed up until
reaching final diagnosis.

EAS-EMG And US-EMG Examination

A Viking Quest 4 EMG/evoked-potential instrument
(Nicolet, Madison, Wisconsin, USA) with standard settings
(filters 20—10 k Hz) was used. The scanning speed for mild
contractions was 5 ms/D, with sensitivity 100 V/D, while
that for strong contractions was 200 ms/D, with sensitivity
0.5 V/D. EMG was performed as described previously.” For
EAS-EMG, patients were in the left lateral recumbent posi-
tion. Hips were kept apart, and at the back of the left outer
anus (about 4:30) — 10 mm in from the mucocutaneous
junction — a concentric needle electrode was inserted into
shallow strata of the subcortex of the external anal

submit your manuscript

3062

Dove

Neuropsychiatric Disease and Treatment 2019:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Qiu et al

sphincter.'® Electrical activities of the anal sphincter while
relaxed (mimicking defecation) and with mild and strong
contractions (mimicking discontinuous defecation) were
recorded. For US-EMG, examinations were performed
with patients in the horizontal position. For male patients,
a concentric needle electrode of length 50 mm and diameter
0.45 mm was inserted into the middle of the anus and
bulbospongiosus. For female patients, a concentric needle
electrode 75 mm in length and 0.65 mm in diameter was
inserted 5 mm beside the external urethral orifice.”’
Sensations of resistance and myoelectricity were the signs
of insertion into the US. Electrical activity of the US in
holding urine phase and urinating phase were recorded.

Statistical Analysis

Statistical analyses were completed with SPSS 22.0.
Age, course of disease, sex composition, average MUP
duration and amplitude, percentage of polyphasic MUPs,
and amplitude and recruitment patterns during maximal
contraction were analyzed. Kolmogorov—Smirnov one-
sample test and Levene's test were applied for normal-
ity-of-distribution and equality-of-variance tests, respec-
tively. Data with normal distribution are expressed as
means = SD, and were analyzed using independent-
sample #-tests when in equal variance. For data abnor-
mally distributed, medians and IQRs (first-third quar-
tiles) are used to express central tendency and
dispersion, separately. Mann—Whitney U tests were
used to compare two groups with abnormal distributions
or data showing heterogeneity of variance. Pearson's y*
was used for comparing proportions. Indicators of sen-
sitivity, specificity, area under the receiver-operating
characteristic (ROC) curve (AUC), 95% CI,
Youden index were calculated to assess the diagnostic
efficiency of EAS-EMG and US-EMG for MSA accord-

ing to drawn ROC curves. Finally, the largest Youden-

and

index value for the electrophysiological index was found
to be critical, thereby being the cutoff point. P<0.05 was
regarded as significant.

Results

Sample Characteristics

Two groups of patients, — 101 (52 male) with MSA, median
age 56 (52—64.5) years, median course 2.4 (1.5-4) years, and
100 (65 male) with PD, mean age 64.7+10 years, median
course 3 (1.075-5) years — were involved in the study. All
cases had various levels of dysurination and dysdefecation.
Sex composition and course of disease were not statistically
different between the two groups, while a significant differ-
ence in age was found (Table 1).

EAS-EMG Results Of Patients With MSA

And PD

A total of 99 cases with MSA and 100 with PD underwent
EAS-EMG examinations.
because of perianal abscess and hemorrhoids. There were

Two cases were excluded,

significant differences in average MUP duration, percen-
tage of polyphasic MUPs, amplitude during strong con-
tractions, and ratio of simple phase and simple-mix phase
between MSA and PD by EAS-EMG. EAS-EMG in the
MSA group mainly showed prolonged average MUP dura-
tion, increased percentage of polyphasic MUPs, lower
amplitude during strong contractions (Figure 1A), and
abnormal recruitment patterns during maximal voluntary
contractions compared with the PD group. There was no
statistically significant difference for average MUP ampli-
tude between the two groups (Table 2).

US-EMG Results Of Patients With MSA

And PD

In sum, 81 cases with MSA and 96 with PD underwent US-
EMG examinations. A total of 24 cases were not examined
with US-EMG, due to patient refusal or noncooperation. The
average MUP duration and ratio of simple phase and simple-
mix phase of MSA showed significant differences compared
with those of PD. US-EMG of MSA group mainly showed
prolonged average MUP duration (Figure 1B) and abnormal
recruitment patterns during maximal voluntary contractions

Table | Sex, Age, And Course Of Disease Between MSA And PD Groups

MSA (n=101) PD (n=100) Statistics P-value
Sex (male) 52 65 =3.773 #0.052
Age, years 56 (52-64.5) 64.7+10.0 Z=-4.566 *<0.001
Course of disease, years 2.4 (1.54.0) 3.0 (1.075-5.0) Z=-0.633 *0.527
Notes: *Mann-Whitney U test used for analysis because data were not of standard normal distribution; “Pearson %
Abbreviations: MSA, multiple-system atrophy; PD, Parkinson’s disease.
Neuropsychiatric Disease and Treatment 2019:15 submit your manuscript 3063
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Figure | EAS-EMG and US-EMG of patients with MSA.
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Notes: (A) Prolonged MUP duration and increased percentage of polyphasic MUPs
were detected by EAS-EMG in MSA group. (B) Prolonged MUP duration was

detected by US-EMG in MSA group.

Abbreviations: EAS-EMG, external anal-sphincter electromyography; US-EMG,
urethral-sphincter electromyography; MSA, multiple-system atrophy; MUPs, motor

unit potentials.

compared with the PD group. There were no statistical dif-

ferences in average MUP amplitude, percentage of polypha-

sic MUPs, or amplitude during strong contractions between

the two groups (Table 3).

Comparison Of Indices Obtained In EAS-

EMG And US-EMG Of Patients With MSA
A total of 99 cases with MSA underwent EAS-EMG exam-
inations, while 81 cases with MSA underwent US-EMG

Table 2 EAS-EMG Results Between MSA And PD Groups

examinations. EAS-EMG showed more obvious changes in
average MUP amplitude, percentage of polyphasic MUPs,
and amplitude during strong contractions than US-EMG for
patients with MSA. There was no statistical difference in
other variables (Table 4).

Cutoff Points Obtained In EAS-EMG And
US-EMG

Cutoff points of average MUP duration and percentage of
polyphasic MUPs for the differential diagnosis of MSA with
PD in EAS-EMG were 10.9 ms and 40.9%, respectively
(Table 5 and Figure 2A). The cutoff point of average MUP
duration for distinguishing MSA from PD in US-EMG was
11.1 ms (Table 5 and Figure 2B). With the average MUP
duration of EAS-EMG and US-EMG being applied jointly
using parallel testing, the sensitivity and specificity for dis-
tinguishing MSA from PD were 83.2% and 71.8%,
respectively.

Discussion
We found that EAS-EMG and US-EMG possessed prac-
tical value for the diagnosis and differential diagnosis of
patients with MSA. Due to the much lower prevalence of
MSA than PD, ranging from one in 50,000 to one in
20,000,*?* it took us >3 years to recruit enough patients
for identifying the cutoff point for a diagnosis of MSA. No
other studies on this topic with a large sample of MSA
patients have been published. Sensitivity and specificity of
the average MUP duration for the differential diagnosis of
MSA with PD were calculated at the optimal cutoff point.
EAS-EMG was more sensitive than US-EMG in terms of
diagnosis, and showed more significant changes in most of
the indices than US-EMG, except for average MUP ampli-
tude. The combined application of both EAS-EMG and
US-EMG would improve the diagnostic rate of MSA.
Autonomic failure, such as in urination and defecation
disorders, is the prominent clinical feature and primary

MSA (n=99) PD (n==100) Statistics P-value
MUP duration, ms 12.2 (10.9-13.5) 9.8 (9.425-10.55) Z=—-8.557 *<0.001
MUP amplitude, pV 465 (374-613) 481 (350-586.75) Z=-0.752 *0.452
Percentage of polyphasic MUPs 37.1 (23.5-56.3) 31.6 (21.825-37.325) Z=-3.556 *<0.001
Amplitude during strong contractions, mV 1.1 (0.9-1.5) 1.45 (1-2) Z=-2.840 *0.005
Ratio of simple phase and simple-mix phase, % 384 9.0 )(2=23.8I0 #<0.001

Notes: *Mann-Whitney U test used for analysis because data were not of standard normal distribution; “Pearson 2.
Abbreviations: EAS-EMG, external anal-sphincter electromyography; MUPs, motor unit potentials; MSA, multiple-system atrophy; PD, Parkinson’s disease.
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Table 3 US-EMG Results Between MSA And PD Groups

MSA (n=81) PD (n=96) Statistics P-value
MUP duration, ms 11,5 (10.3-13.1) 9.8 (9.3-10.575) 7Z=-6.996 *<0.001
MUP amplitude, pV 290 (232-422) 296 (235.25-380.25) Z=-0.159 *0.874
Percentage of polyphasic MUPs 14.3 (0-30.8) 14.3 (0-22) Z=—1.046 *0.296
Amplitude during strong contractions, mV 0.8 (0.5-1.2) 0.8 (0.6—1.475) Z=-1.320 *0.187
Ratio of simple phase and simple-mix phase, % 45.7 10.4 )(2=28.0I0 #<0.001
Notes: *Mann-Whitney U test used for analysis because data were not of standard normal distribution; “Pearson 2.
Abbreviations: US-EMG, urethral-sphincter electromyography; MUPs, motor unit potentials; MSA, multiple-system atrophy; PD, Parkinson’s disease.
Table 4 Comparison Of Indices Obtained In EAS-EMG And US-EMG Of MSA Group
EAS-EMG (n=99) US-EMG (n=81) Statistics P-value
MUP duration, ms 12.2 (10.9-13.5) 1.5 (10.3-13.1) Z=-1.450 *0.147
MUP amplitude, uvV 465 (374-613) 290 (232-422) Z=-6.795 *<0.001
Percentage of polyphasic MUPs 37.1 (23.5-56.3) 14.3 (0-30.8) Z=-6.461 *<0.001
Amplitude during strong contractions, mV 1.1 (0.9-1.5) 0.8 (0.5-1.2) Z=-4.206 *<0.001
Ratio of simple phase and simple-mix phase, % 384 45.7 x*=0.975 #0.323

Notes: *Mann-Whitney U test used for analysis because data were not of standard normal distribution; #Pearson %
Abbreviations: EAS-EMG, external anal-sphincter electromyography; US-EMG, urethral-sphincter electromyography; MUPs, motor unit potentials; MSA, multiple-system atrophy.

Table 5 Cutoff Points, Area Under ROC curve, Sensitivity, Specificity, And 95% Cls Of Some Parameters In EAS-EMG And US-EMG

For Differentiating MSA From PD

EAS-EMG US-EMG
Cutoff AUC | Sen, Spe, 95% CI Cutoff AUC | Sen, Spe, 95% CI
Point % % Point % %
MUP duration 10.9 ms 0.851 | 75.8 83 0.797-0.905 | Il.Ims 0.805 | 63 86.5 0.741-0.870
Percentage of polyphasic 40.9 0.646 | 424 93 0.567-0.724 | — — — — —
MUPs

Abbreviations: EAS-EMG, external anal-sphincter electromyography; US-EMG, urethral-sphincter electromyography; MUPs, motor unit potentials; MSA, multiple-system
atrophy; PD, Parkinson’s disease; AUC, area under ROC curve; Sen, sensitivity; Spe, specificity.

reference point in diagnostic criteria for MSA,* and early
and severe autonomic nervous dysfunction are poor prog-
nostic factors.> However, a definite diagnosis can only be
made with postmortem histopathological study.* Onuf’s
nucleus in the anterior horn cells of the sacral cord can
innervate the external sphincter muscle of the anus and
urethra, and can be influenced by neuronal cell loss in
MSA.**?* Neurogenic injury can be observed in EAS-
EMG and US-EMG containing prolonged average MUP
duration, increased percentage of polyphasic MUPs, and
occurrence of spontaneous activity, and some may dis-

cover satellite potential.*®

Compared with PD, the parameters of EAS-EMG in
patients with MSA, including average MUP duration, per-
centage of polyphasic MUPs, amplitude during strong con-
tractions and abnormal recruitment patterns during maximal

voluntary contractions, showed significant differences in this
study. Meanwhile, there were significant differences for aver-
age MUP duration and abnormal recruitment patterns in US-
EMG between MSA and PD. Specifically, average MUP
duration showed more significant difference between MSA
and PD in EAS-EMG and US-EMG (both P<0.001).
Therefore, the authors of this study would consider that
EAS-EMG and US-EMG could be of value for the differen-
tial diagnosis of MSA with PD, especially in the early course
of the disease.

It is worth noting that the sensitivity and specificity for
differentiating MSA from PD in EAS-EMG were 75.8% and
83.0% when average MUP duration was prolonged >10.9 ms,
while these in US-EMG were 63.0% and 86.5% when average
MUP duration was prolonged >11.1 ms, and an AUC for both
of >0.7 indicates they have high value in clinical application.

Neuropsychiatric Disease and Treatment 2019:15
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Figure 2 ROC curves for MSA and PD in EAS-EMG and US-EMG.

Notes: (A) ROC curve for differential diagnosis of MSA with PD according to mean
MUP duration and percentage of polyphasic MUPs in EAS-EMG. (B) ROC curve for
differential diagnosis of MSA with PD according to mean MUP duration in US-EMG.
Abbreviations: ROC, receiver-operating characteristic; EAS-EMG, external anal-
sphincter electromyography; US-EMG, urethral-sphincter electromyography; MSA,
multiple-system atrophy; PD, Parkinson’s disease; MUPs, motor unit potentials.

The sensitivity for average MUP duration in distinguishing
MSA from PD would improve to 83.2% if EAS-EMG and US-
EMG are used in combination.

There were significant differences in average MUP ampli-
tude, percentage of polyphasic MUPs, and amplitude during
strong contractions between EAS-EMG and US-EMG in
patients with MSA. It is difficult to obtain data for percentage
of polyphasic MUPs in US-EMG during a change in location,
because the anatomic location of the US is specific. Our pre-
vious research with a small sample showed that average MUP
amplitude on US-EMG was more sensitive than on EAS-EMG
for the diagnosis of MSA.'? In this study, it was evaluated with
a larger sample. Our results showed a higher average MUP
amplitude on EAS-EMG than on US-EMG.

The current study had some limitations. The associa-
tion of the natural course of MSA with the dynamics of
EAS-EMG or US-EMG was not explored, which may
provide more information for the diagnosis of MSA.
Also, we compared only patients with MSA and patients
with PD, and studies with even larger samples may still be
needed in future.

Conclusion

Our results confirmed that EAS-EMG and US-EMG were
highly sensitive and specific methods for the diagnosis of
MSA and differential diagnosis of MSA with PD, and that
the combination of both studies is helpful in improving the
sensitivity of MSA diagnosis compared to only one method
being used. The two electrophysiological methods could serve
as a supplement and also substitution for each other in cases
where either is not available.
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