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Abstract
A number of studies have demonstrated that decremental response to low frequency repetitive nerve stimulation
(LF-RNS) is frequently observed in amyotrophic lateral sclerosis (ALS). However, due to the small sample size
involved in previous studies, large discrepancies exist about the positivity rates of LF-RNS tests and factors
affecting decremental response. This retrospective study of 449 cases, the largest sample size ever reported,
shows that the overall positivity rate of LF-RNS is 49.9%. 3Hz RNS delivered to the accessory nerve has the best
sensitivity and highest positivity rate. It obviously increases in response to upper limb onset, disease progression
rate < 0.5 score/month, de�nite ALS and electromyography positive(EMG(+)) in sternocleidomastoid muscle.
There is a linear increase in the decrement percentage of CMAP amplitude at 3Hz RNS delivered to the accessory
nerve in response to longer disease duration, longer MUP duration and greater MUP duration increment
percentage. These �ndings substantially advance the understanding of RNS results in ALS patients and
effectively instruct clinical application.

1. Introduction
Amyotrophic lateral sclerosis (ALS), a fatal motor neuron disease, causes progressive muscle atrophy and
weakness in bulbar, limbs and trunks. It also affects sensory system, autonomic nerve system and senior cortex
functions, leading to non-motor symptoms such as paresthesias, pain, cognitive impairment, affective
disturbance and behavioral disorders (Tao et al., 2018). The incidence of ALS ranges from 1.5 to 2.4 out of
100,000 individuals per year, and its prevalence approximately from 4.0 to 7.9 out of 100,000, and about 10% of
the patients are familial while the rest 90% are sporadic (Chiò et al., 2013). Since Mulder et al (1959) �rst detected
the decrement amplitude of compound muscle action potential(CMAP) when they administered low-frequency
RNS(LF-RNS) to ALS patients with muscle fatigue, more and more studies have con�rmed the presence of the
decrement, which suggests that neuromuscular junction(NMJ) dysfunction is involved in ALS (Oral et al., 2017).
However, due to the inconsistency of the instruments and cut-off values in different laboratories as well as the
limited number of the samples involved in previous studies (Sun et al., 2018; Tomoko et al., 2011; Zheng et al.,
2017a; Fu et al., 2019; Wang et al., 2017; Alanazy et al., 2017; Zheng et al., 2017b; Hatanaka et al., 2017; Hu et al.,
2018), the consequences caused by both random errors and systemic errors have been unavoidable, which have
resulted in disparities in the reported conclusions of previous studies and their alleged clinical signi�cance.

Therefore, we collected the records of 449 ALS cases, the largest sample size that has ever been reported, from
the Neurology Department of the First Medical Center, Chinese PLA General Hospital and performed a
retrospective study of RNS involved in the cases with an aim to determine the positivity rate at LF-RNS, the best
stimulus position and frequency, and to quantify the relationship of decremental CMAP amplitudes to clinical
indicators and motor unit potential (MUP) duration, so as to substantially advance the understanding of LF-RNS
results in ALS patients and effectively instruct clinical application.

2. Methods
The subjects of the study were 449 patients diagnosed with ALS based on the revised EI Escorial (Brook et al.,
2000) at Neurology Department of the First Medical Center, Chinese PLA General Hospital from June 2016 to
September 2020 and their clinical and neuroelectrophysiological data were collected with certainty that none of
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the subjects had other NMJ diseases. This study was approved by the Medical Ethics Committee of Chinese PLA
General Hospital. All enrolled subjects signed informed consents by themselves or their legal guardians.

All the patients were classi�ed into four diagnostic levels (clinically de�nite, clinically probable, clinically probable
laboratory-supported and clinically possible) according to the revised EI Escorial criteria. Their data included
gender, age, disease duration, onset site, the results of needle electromyography (EMG) and LF-RNS, etc. The
patients were scored according to the scales of ALSFRS-R (Cedarbaum et al., 1999), and the rate of disease
progression (ΔFS) was calculated by the following formula: ΔFS = [48 –ALSFRS-R score]/duration (month) (Labra
et al., 2016). The increasing values of △FS indicate the faster rates of the disease progression.

The electrodiagnostic studies, including RNS and EMG, were performed on a Keypoint workstation(31A06, Alpine
Biomed ApS, Denmark). Skin temperature over the examined muscle was maintained at 32℃ or above
throughout the entire measurement. Surface electrodes were used to record the belly-tendon compound muscle
action potential (CMAP). LF-RNS was performed in the following muscles: deltoid for the axillary nerve (n = 65),
trapezius for the accessory nerve (n = 446), abductor digiti minimi (ADM) for the ulnar nerve(n = 308), tibialis
anterior(TIB) for the common peroneal nerve(n = 73). A low frequency of 3Hz train of the 10 stimuli was delivered
to the nerves and recorded. The peak-to-peak CMAP amplitude decrement was measured by the decremental
percentage of the forth CMAP as compared to the �rst CMAP amplitude. Based on the conventional criterion, a
decremental response of 10% or greater in 1Hz or 3Hz were considered positive, in accordance with the
suggestions of the American Academy of Emergency Medicine Quality Assurance Committee. With reference to
the normative values as set up by EMG laboratory of Peking Union Medical College Hospital, MUP mean duration
increment percentage was calculated by the following formula: mean duration increment percentage (%) =
(measured mean duration-normal mean duration)/normal mean duration. Measured mean duration indicates the
mean value of 20 MUP durations. According to our EMG department criteria, MUP duration exceeding 20%, with or
without abnormal spontaneous potential, is considered as chronic denervation potential, i.e. EMG positive result.

MS-Excel 2016 and MATLABR2019b software (multifunction, trial free version) were employed for statistical
analysis. Measurement statistics satisfying the normal distribution was expressed as mean ± SD, while non-
normal distribution data was expressed as mean ± SD and median. Enumeration data were presented as the
number of cases and percentage. Chi-square test was used for comparison between different enumerative groups.
Least squares method and F-test were used for simple linear regression. P < 0.05 was considered statistically
signi�cant.

3. Results

3.1 Clinical records of the enrolled patients
The present study involves 449 patients with 267 males and 182 females at the ratio of 1.47:1, whose ages are
between 26 and 86 years old in a normal distribution (average age at 54.4 ± 10.3 years old). The disease onset of
185 patients (41.2%) are from upper limbs, 162(36.1%) from lower limbs and 102(22.7%) from bulbar, with the
former two types of samples occupy the majority, whereas there are no cases begins with weakness in respiratory
muscles. 180 patients are assessed by ALSFRS-R, scoring 14–46(average: 8.5 ± 5.2; median: 40) so that the
progression rate ranges from 0.07 to 7.5 score per month (average: 0.95 ± 0.97; median: 0.67).

3.2 LF-RNS positivity rate
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The distributions of decremental responses on four detected nerves are summarized in Table 1. Results show: the
positivity rate of 3Hz is signi�cantly higher than that of 1Hz; 3Hz RNS on the accessory nerve, followed by that on
the axillary nerve (40.0%), has the highest positivity rate (47.3%) and it covers all positive cases stimulated by
1Hz. The positivity rates of both common peroneal nerve and ulnar nerve are lower than 8%. As it is, the accessory
nerve is the best ideal site for detection and 3Hz is the best ideal frequency.

 
Table 1

The positivity rate of LF-RNS in ALS patients
Tested nerves 1Hz   3Hz

Cases ADR(%) RNS (+, %)   Cases ADR(%) RNS (+, %)

Accessory nerve 431 -57 ~ 8 25.1 (108)   446 -55 ~ 18 47.3 (211)

Axillary nerve 65 -29 ~ 14 13.8 (9)   65 -37 ~ 16 40.0 (26)

Common peroneal nerve 73 -12 ~ 5 1.4 (1)   79 -14 ~ 9 3.8 (3)

Ulnar nerve 308 -23 ~ 10 2.9 (9)   332 -30 ~ 8 7.5 (25)

Note: The total were 449 cases; positive case numbers are given in parentheses; ADR indicates amplitude
decline range.

Statistic analysis also shows the distributions of positivity rates at different diagnostic levels(Table 2). Overall, the
positivity rate of 3Hz RNS test for all diagnostic levels(n = 449) in at least one muscles is 49.9%(n = 224), and that
of clinically de�nite ALS(n = 364) at 3Hz RNS reaches 52.5%, both of which are signi�cantly higher than that in
other three diagnostic levels(n = 85, positivity rate = 38.8%)(Chi-square, p = 0.05).

 
Table 2

The differences in positivity rates of 3Hz RNS between de�nite ALS and other three diagnostic levels
Clinic diagnostic
levels

positivity rate (%) on the
accessory nerve

P value at χ2

testing
Positivity rate (%) on at
least one nerve

P value at χ2

testing

de�nite ALS 49.4 (180/364) 0.015 52.5 (191/364) 0.005

other three
diagnostic levels

37.6 (32/85)   38.8 (33/85)  

Notes: other three diagnostic levels include clinically probable, clinically probable laboratory-supported and
clinically possible

Besides, the range of CMAP amplitude decrement at 3Hz RNS delivered to the accessory nerve among 446 cases
is -55 ~ 18%(Table 1), which include 26.4% of the cases with a decremental range exceeding 15%, 15.4%
exceeding 20%, 7.6% exceeding 25% and 4.0% exceeding 30%(Table 3).



Page 5/13

Table 3
The number of cases in certain decremental/incremental ranges of CMAP amplitude at 3Hz RNS on the accessory

nerve
Items Decremental range(%) Incremental range

(%)

≥ 
30

30 ~ 
25

25 ~ 
20

20 ~ 
15

15 ~ 
10

10 ~ 
5

5 ~ 
0

> 0

Case number (n) 18 16 35 49 93 124 80 31

Proportion (%) 4.0 3.6 7.8 11.0 20.9 27.8 17.9 7.0

Cumulative proportion
(%)

4.0 7.6 15.4 26.4 47.3 75.1 93.0 100.0

3.3 The effect of clinical indicators on positivity rate of 3Hz RNS test delivered to the accessory nerve

Each clinical indicator and its relationship with positivity rate of 3Hz RNS test are summarized in Table 4. No
substantial difference is found in either between male and female patients, or among patients with an onset age
of ≥ 60 and those < 60, nor is any difference found in other age brackets measured. No substantial difference is
found among patients with ALSFRS-R at initial visit ≥ 40 and those < 40,, nor was any difference found in other
ALSFRS-R score groups.

In contrast, the 3Hz RNS positivity rate of the patients with disease duration exceeding 6 months at initial visit(n = 
339) is signi�cantly higher than that of whose within 6 months (n = 107). The 3Hz RNS positivity rate of the
patients with upper limb onset (n = 188, positivity rate = 60.6%) is signi�cantly higher than that of those with lower
limb onset (n = 158, positivity rate = 32.9%) or bulbar onset (n = 100, positivity rate = 45.0%). The 3Hz RNS
positivity rate of the patients with ΔFS<0.5score/month(n = 56.5%) is signi�cantly higher than that of those with
ΔFS > 0.5score(n = 88, positivity rate = 40.2%). The positivity rate of de�nite ALS (n = 362, positivity rate = 49.4%) is
signi�cantly higher than that of patients at other three diagnostic levels (n = 84, positivity rate = 37.6%). The
positivity rate of patients with EMG (+) in sternocleidomastoid muscle (n = 183, positivity rate = 60.7%) is
signi�cantly higher than that of patients with EMG (-) (n = 141, positivity rate = 30.5%). In short, the positivity rate
of 3Hz RNS delivered to accessory nerve obviously increases in response to disease duration > 6 months, upper
limb onset, ΔFS<0.5 score/month, de�nite ALS and EMG(+) in sternocleidomastoid muscle.
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Table 4
The effect of clinical indicators on the positivity rate of 3Hz RNS delivered to the accessory nerve

Clinical indicators Cases

(n)

RNS+
(%)

P
value

  Clinical indicators Cases

(n)

RNS+

(%)

P
value

gender male 265 45.7
(121)

0.399   ALSFRS-
R(score)

< 40 88 45.5
(40)

0.762

female 181 49.7
(90)

≥ 40 88 47.7
(42)

Age at
onset
(year)

< 60 306 48.0
(147)

0.648   ΔFS

(score/month)

< 0.5 69 56.5(39) 0.034

≥ 60 140 45.7
(64)

≥ 0.5 107 40.2
(43)

Disease
duration

(month)

≤ 6 107 34.6
(37)

0.003   Diagnostic

level

De�nite 362 49.4
(179)

0.049

> 6 339 51.3
(174)

Others
*

84 37.6
(32)

Onset
site

Upper
limb
(S1)

188 60.6
(114)

S1S2:
0.000

S1S3:
0.011

S2S3:
0.508

  Sternocleido

-mastoid

muscle

EMG
(+)

183 60.7
(111)

0.000

Lower
limb
(S2)

158 32.9
(52)

EMG (-) 141 30.5
(43)

Bulbar
(S3)

100 45.0
(45)

- -    

Note: 446 cases underwent 3Hz RNS delivered to accessory nerve. Chi square was used for above statistic
analysis. Others include probable ALS, laboratory supported probable ALS and possible ALS.

3.4 The relationship between decremental response at 3Hz RNS delivered to accessory nerve and disease duration
at initial visit

Scatter plot is used to display disease duration and the decremental percentage of CMAP amplitude at 3Hz RNS
test (Fig. 1). A linear regression analysis indicates that the decremental response is linearly associated with
disease duration (Y = 8.890-0.126X, F = 12.8, P = 0.000).

3.5 The relationship of decremental response at 3Hz RNS delivered to accessory nerve respectively to MUP
duration and to duration increment percentage in sternocleidomastoid muscle

324 patients underwent 3Hz RNS test on the accessory nerve along with needle EMG in the sternocleidomastoid
muscle. Scatter plots are used to display the correlation between the decremental range of CMAP amplitude and
MUP duration or the increment percentage of MUP duration (Fig. 2). Both MUP duration and duration increment
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percentage have signi�cantly negative linear correlations with decremental response of 3Hz RNS delivered to the
accessory nerve, suggesting that the more serious neurogenic damage is detected by EMG, the more obvious will
be the decremental response. Besides, as can be seen from the regression model, MUP duration is more
responsive than the duration increment percentage to the decremental response.

4. Discussion
RNS has been widely applied in the evaluation of NMJ functions. A number of studies have demonstrated that
decremental responses are frequently observed in ALS, beginning with the �rst description from Mulder et al.
(1959). However, the results of RNS test and its implications in clinical applications and pathogenic mechanism
have not yet been fully elucidated (Alanazy et al., 2017; Fischer et al., 2004; Hegedus et al., 2007; Miyaji et al.,
2018; Clark et al., 2016; Iwai et al., 2016; Wainger et al., 2014; Mukhutdinova en al., 2018). So we have conducted
a retrospective analysis based on the largest sample size ever to our knowledge, in order to quantify the results of
RNS test and �nd out the respective relationship of CMAP decremental response either to clinical manifestations
or to EMG results, so as to substantially advance the understanding of RNS results in ALS patients, effectively
instruct clinical application, supply a clue to the establishment of a more reasonable exclusion criterion and
enlighten the exploration of pathogenic mechanisms from the perspective of clinical neuroelectrophysiology.

In previous studies, due to the differences in the races, the inconsistency of the instruments and cut-off values in
different laboratories as well as the limited number of the samples involved in the test, a large discrepancy exists
about the positivity rates in RNS tests, ranging from 29–83% (Sun et al., 2018; Tomoko et al., 2011; Zheng et al.,
2017a; Fu et al., 2019; Wang et al., 2017; Alanazy et al., 2017; Zheng et al., 2017b; Hatanaka et al., 2017; Hu et al.,
2018). To minimize the effect of potential systemic and random errors, we collected and analyzed an adequately
large sample size of case data to improve the generalizability of the results. The present study shows that 3Hz
RNS delivered to the accessory nerve has the highest diagnostic sensitivity. The overall positivity rate of 3Hz RNS
(decremental response exceeding 10%) for the 449 patients is 49.9%, while that for the 364 clinical de�nite ALS
patients reaches 52.5%. As for the range of decremental CMAP amplitude at RNS test, very few studies have
reported the exact values of the range in addition to mean and standard deviation (Sun et al., 2018; Tomoko et al.,
2011; Zheng et al., 2017a; Hu et al., 2018). The largest decrement of CMAP amplitude that has ever been reported
was 50% in our previous research (Sun et al., 2018) while this study shows that it can reach 55% (Table 1).

According to the Electrophysiological Diagnostic Criteria for ALS revised in 2000 by the World Federation of
Neurology Research Group on Motor Neuron Diseases, a signi�cant decrement in CMAP, i.e. when it’s exceeding > 
20% in RNS, could be a criterion to exclude ALS (Brook et al., 2000). In Li et al (2020) studies, a signi�cant
decrement (≥ 20%) in at least one muscle was observed in 11.3% of the ALS patients, while decrements (≥ 10%)
in at least one muscle was observed in 41.3%. However, our study of the 449 cases shows that in 15.5%, 7.6% and
4.0% of the cases RNS decremental responses exceed 20%, 25% and 30% respectively. As far as we can see, the
implementation of the current Eelectrophysiological Diagnostic Criteria will result in the misdiagnosis of more
than 15.5% of ALS patients. Then, what percentage of RNS decremental response can serve as a criterion to
exclude ALS still warrants further investigations.

In addition to RNS test results in ALS patients mentioned above, the results of our statistical analysis also provide
robust evidence for the correlations between RNS decremental responses and ALS clinical manifestations. For the
�rst time, a perfect negative linear correlation between disease duratrion and 3Hz RNS decremental responses is
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established by regression analysis and a signi�cantly higher positivity rate in patients with ΔFS < 0.5
score/month(n = 88) is shown by Chi square. As can be drawn from the ΔFS formula, the longer the disease
duration is, the lower the ΔFS will be. Taking the ΔFS formula and the above two results in account, our study
indicates that the NMJ dysfunction is deteriorating as the disease progresses, especially after 6 months.

As for the relationship between RNS decremental responses and EMG results, we are the �rst to establish a
regression model (Fig. 2) and compare the sensitivities of two indicators (i.e. MUP duration and duration
increment percentage) to RNS test. Our study shows that MUP duration rather than the range of duration
increment is more suitable to be used in future studies. The regression model in Fig. 2 con�rms the correlation
between the impairment of motor neuron and NMJ dysfunction from the perspective of clinical
neuroelectrophysiology for the �rst time. By two intersecting lines, namely x = 20 and y=-10, the coordinate plane
is divided into four quadrant (Fig. 2b). It’s worth noting that scatters in the third quadrant satisfying the
requirement of RNS(+) and EMG(-) seems to indicates that in some cases, RNS test is more sensitive than EMG
and NMJ dysfunction is prior to the loss of motor neuron. Whether this electrophysiological phenomenon can
serve as electrophysiological evidence for “dying-back” hypothesis (Michal et al., 2011) still needs further
investigations.

This study is not free of limitations. Firstly, the positivity rates of clinically probable cases (n = 46), clinically
probable laboratory-supported cases (n = 20) and clinically possible cases (n = 18) are 30.4%, 35.0% and 61.1%,
respectively. However, the sample size of the cases at the three levels is relatively small in comparison with that of
de�nite ALS. The difference in positivity rate among these three diagnostic levels has very little meaning. On the
one hand, our neurology department is one of the best national medical research institution which mostly receives
patients suffering rare and serious diseases and most patients at the early stage of ALS just see a doctor near
their hometown as their muscle weakness is not obvious. On the other hand, people are not well informed of ALS
knowledge, which makes patients at early stage likely to be missed or even misdiagnosed. That’s why we think
multicenter retrospective studies are needed in the future. Secondly, present statistic analysis shows the positivity
rate of 3Hz RNS test delivered to the accessory nerve in upper-limb-onset group is 60.6%, leading all the others
and followed by bulbar group (45.0%) and lower limb group (32.9%), which is in line with some previous study
(Sun et al., 2018; Hatanaka et al., 2017; Hu et al., 2018; Miyaji et al., 2018; Clark et al., 2016). The probable reason
for this obviously high positivity rate in the upper-limb-onset group may be ALS’s preference for spreading around
its onset site. However, as to whether the positivity rate on the common peroneal nerve at 3Hz RNS might be
higher in patients with lower-limb-onset than that in patients with other onset sites, our statistic analysis can
hardly lead to a conclusion because of the low positivity rate (3.8%) of RNS test applied to the common peroneal
nerve and the lack of positive cases (n = 3). Thirdly, as can be seen from the Fig. 2b, some cases are found with
RNS (+) and EMG (-). So some questions remain unanswered. What’s the proportion of these cases in ALS
population? Is disease duration of these cases shorter than others? How is their diagnostic levels? To answer
them, we’ll keep on collecting data and trying to illuminate these questions in future study.

In conclusion, this is a retrospective study based on 449 cases, with the largest sample size ever reported. It
discovers that the overall positivity rate of RNS test is 49.9%. CMAP decremental response at 3Hz RNS applied to
the accessory nerve has the best sensitivity and highest positivity rate (52.5% in de�nite ALS). It obviously
increases in response to upper limb onset, ΔFS<0.5 score/month, de�nite ALS and EMG(+) in sternocleidomastoid
muscle. Perfect negative linear correlations exist between either disease duration or MUP duration and
decremental percentage of CMAP amplitude. The regression models indicate that the neuromuscular junction
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(NMJ) dysfunction is deteriorating as the disease progresses; the more serious neurogenic damage is detected by
EMG, the more obvious will be the decremental response. Cases which are found with RNS (+) and EMG (-) may
enlighten the pathogenic mechanisms from the perspective of clinical neuroelectrophysiology.

Declarations
Con�ict of interest:

There are no con�icts of interest to declare.

Ethical publication statement

The patient has provided consent for the use of the clinical information. This study has been approved by the
Chinese PLA General Hospital Ethical Review Committee and has therefore been performed in accordance with
the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

Funding

National Natural Science Foundation of China (Grant No. 81671278).

Disclosure statement

The authors disclose no con�icts of interest.

CRediT authorship contribution statement

Jinghong Zhang had full access to all the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis. Xusheng Huang and Jinghong Zhang contributed equally to this work.

Concept and design: All authors.

Acquisition, analysis, or interpretation of data: Jinghong Zhang and Xusheng Huang 

Drafting of the manuscript: Jinghong Zhang and Xusheng Huang 

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Jinghong Zhang.

Obtained funding: Xusheng Huang.

Administrative, technical, or material support: Xusheng Huang

Supervision: Xusheng Huang

Acknowledgement

The authors thank all of the patients for their collaboration. This study was �nancially supported by the National
Natural Science Foundation of China (Grant No. 81671278).



Page 10/13

References
1. Alanazy Mohammed H., Hegedus Janka, White Chris, et al., 2017. Decremental responses in patients with

motor neuron disease. Brain and Behavior 7(11): e00846. doi: 10.1002/brb3.846

2. Brooks B R, Miller R G, Swash M, et al., 2000. El Escorial revisited: revised criteria for the diagnosis of
amyotrophic lateral sclerosis. Amyotrophic lateral sclerosis. Amyotrophic Lateral Sclerosis Other Motor
Neuron Disorder 1(5): 293-299.

3. Cedarbaum J M, Stambler N, Malla E, et al., 1999. The ALSFRS-R: a revised ALS functional rating scale that
incoiporales assessments of respiratory function. BDNF ALS Study Group (Phase ). Journal of the
Neurological Sciences 169(1-2): 13-21

4. Chiò A, Logroscino G, Traynor BJ, et al., 2013. Global epidemiology of amyotrophic lateral sclerosis: a
systematic review of the published literature. Neuroepidemiology 41(2): 118‐130. doi: 10.1159/ 000351153

5. Clark Jayden A., Southam Katherine A., Blizzard Catherine A., et al., 2016. Axonal degeneration, distal
collateral branching and neuromuscular junction architecture alterations occur prior to symptom onset in the
SOD1G93A mouse model of amyotrophic lateral sclerosis. Journal of Chemical Neuroanatomy 76: 35-47.
doi:to.tot6/j.jchemneu.20t6.03.003

�. Fischer L R, Culver D G, Tennant P, et al., 2004. Amyotrophic lateral sclerosis is a distal axonopathy: evidence
in mice and man. Exp. Neurol. 185: 232-240. doi: 10.1016/j.expneurol.2003.10.004

7. Fu Lilan, Yin Hexiang, Liu Mingsheng, et al., 2019. Study on variation trend of repetitive nerve stimulation
waveform in amyotrophic lateral sclerosis. Chinese Medical Journal 132(5): 542-550. doi: 10.1097/
CM9.0000000000000117.

�. Gabriel Enge T, Ecroyd Heath, Jolley Dianne F, et al., 2018. Assessment of metal concentrations in the
SOD1G93A mouse model of amyotrophic lateral sclerosis and its potential role in muscular denervation, with
particular focus on muscle tissue. Molecular and Cellular Neuroscience 88: 319-329. doi:
10.1016/j.mcn.2018.03.001

9. Hatanaka Yuki, Higashihara Mana, Chiba Takashi, et al., 2017. Utility of repetitive nerve stimulation test for
ALS diagnosis. Clinical Neurophysiology 128(5): 823–829. doi: 10.1016/j.clinph.2017. 02.021

10. Hegedus J, Putman C T, Gordon T., 2007. Time course of preferential motor unit loss in the SOD1G93A mouse
model of amyotrophic lateral sclerosis. Neurobiology of Disease 28: 154–164. doi:
10.1016/j.nbd.2007.07.003

11. Hu Fangfang, Jin Jiaoting, Kang Li, et al., 2018. Decremental Responses to Repetitive Nerve Stimulation in
Amyotrophic Lateral Sclerosis. European Neurology 80: 151–156. doi: 10.1159/000494670

12. Iwai Yuta, Shibuya Kazumoto, Misawa Sonoko, et al., 2016. Axonal Dysfunction Precedes Motor Neuronal
Death in Amyotrophic Lateral Sclerosis. PLOS ONE 11(7): e0158596. doi: 10.1371/journal.pone. 0158596.

13. Labra J, Menon P, Byth K, et al., 2016. Rate of disease progression: a prognostic biomarker in AL5. J. Neurol
Neurosurg Psychiatry 87(6): 628-632. doi: 10. 1136/jnnp-2015-310998

14. Li Shang, Hong Chu and Zuneng Lu, 2020. Can the large-scale decrement in repetitive nerve stimulation be
used as an exclusion criterion for Amyotrophic Lateral Sclerosis? Frontiers in Neurology, 11, Article 101. doi:
10.3369/fneur.2020.00101

15. Michal Dadon-Nachum; Eldad Melamed; Daniel Offen, 2011. The “Dying-Back” Phenomenon of Motor
 Neurons in ALS. J. Mol. Neurosci. 43(3): 470–477. doi:10.1007/s12031-010-9467-1



Page 11/13

1�. Miyaji Yosuke, Hatanaka Yuki, Higashihara Mana, et al.,2018. Fasciculation potentials and decremental
responses in amyotrophic lateral sclerosis. Clinical Neurophysiology 129(2): 345–348. doi:
10.1016/j.clinph.2017.11.007

17. Mukhutdinova Kamilla A, Kasimov Marat R, Giniatullin Arthur R, et al., 2018. 24S-hydroxycholesterol
suppresses neuromuscular transmission in SOD1(G93A) mice: A possible role of NO and lipid rafts.
Molecular and Cellular Neuroscience 88: 308-318. doi.org/10.1016/j.mcn.2018.03.006

1�. Mulder D W, Lambert E H, Eaton L M., 1959. Myasthenic syndrome in patients with amyotrophic lateral
sclerosis. Neurology 9: 627-631. doi: 10.1212/wnl.9.10.627

19. Orla Hardiman, Ammar Al-Chalabi, Adriano Chio, et al.,2017. Amyotrophic lateral sclerosis. Nature Reviews,
Disease Primers 3: 17071, 1-19. doi:10.1038/nrdp.2017.71

20. Sun Xiaosun, Wenxiu Liu, Zhaohui Chen et al., 2018. Repetitive Nerve Stimulation in Amyotrophic Lateral
Sclerosis. Chin Med J (Engl) 131(18): 2146-2151. doi: 10.4103/0366-6999.240798

21. Tao Qingqing; Wei Qiao; Wu Zhiying, 2018. Sensory nerve disturbance in amyotrophic lateral sclerosis. Life
Sciences 203: 242-245. doi:10.1016/j.lfs.2018.04.052

22. Tomoko Iwanami, Masahiro Sonoo, Yuki Hatanaka, et al., 2011. Decremental responses to repetitive nerve
stimulation (RNS) in motor neuron disease. Clin. Neurophysiol. 122 (12): 2530-2536. doi: 10.1016/j.clinph.
2011.05.019

23. Wainger Brian J., Kiskinis Evangelos, Mellin Cassidy, et al., 2014. Intrinsic Membrane Hyperexcitability of
Amyotrophic Lateral Sclerosis Patient-Derived Motor Neurons. Cell Reports 7(1): 1-11. doi: 10.1016/
j.celrep.2014.03.019

24. Wang Yan, Xiao Zheman, Chu Hong, et al., 2017. Correlations between slow-rate repetitive nerve stimulation
and characteristics associated with amyotrophic lateral sclerosis in Chinese patients. Journal of Physical
Therapy Science 29(4): 737–743. https://creativecommons.org/licenses/by-nc-nd/4.0/

25. Zheng Chaojun, Dongqing Zhu, Feizhou Lu et al., 2017a. Compound Muscle Action Potential Decrement to
Repetitive Nerve Stimulation Between Hirayama Disease and Amyotrophic Lateral Sclerosis. Clinical
Neurophysiology 34 (2): 119-125. doi: 10. 1097/ WNP.0000000000000336.

2�. Zheng Chaojun, Jin Xiang, Zhu Yu, et al., 2017b. Repetitive nerve stimulation as a diagnostic aid for
distinguishing cervical spondylotic amyotrophy from amyotrophic lateral sclerosis. European Spine Journal
26(7): 1929–1936. doi 10.1007/s00586-017-5060-4

Figures



Page 12/13

Figure 1

The relationship between disease duration and the decremental amplitude of CMAP at 3HzRNS delivered to
accessory nerve
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Figure 2

The correlations between the decremental response by accessory nerve at 3HzRNS and MUP


