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Abstract
Objective To clarify the relationship between nerve conduction study (NCS) and prognosis in patients with amyotrophic 
lateral sclerosis (ALS).
Methods We included 190 patients with sporadic ALS. We used onset age, sex, onset site (bulbar vs. spinal), revised El 
Escorial criteria category (definite vs. others), and the King’s clinical systems, and the Milano–Torino (MiToS) functional 
staging systems, and decline rates of revised ALS functional rating scale (ALSFRS-R) as known prognostic factors. An NCS 
was performed on the median, ulnar, tibial, and sural nerves. The endpoint was death or the introduction of tracheostomy 
positive-pressure ventilation. Multivariate analysis for each NCS variable, known prognostic factors was performed using 
Cox stepwise proportional hazards analysis. Univariate analysis was performed for NCS variables that showed a significant 
association with prognosis in multivariate analysis. Survival was analyzed with a Kaplan–Meier curve and log-rank test.
Results The Cox model identified the compound muscle action potential (CMAP) and sensory nerve action potential (SNAP) 
amplitudes of the median nerve as prognostic factors. In the log-rank test, patients with higher median nerve CMAP ampli-
tude had a significantly better prognosis than those with lower amplitude, regardless of age. And prognosis was better in the 
group with lower median nerve SNAP amplitude only in patients younger than the 25th percentile (~ 57 years).
Conclusions CMAP and SNAP amplitudes of the median nerve are considered to be independent prognostic factors of 
sporadic ALS.

Keywords Amyotrophic lateral sclerosis · Prognosis · Nerve conduction study · Compound muscle action potential · 
Sensory nerve action potential · Median nerve

Introduction

Amyotrophic lateral sclerosis (ALS) is an adult-onset neu-
rodegenerative disorder characterized by progressive muscle 
atrophy and muscle weakness due to the degeneration of 
upper and lower motor neurons. At 3–4 years after onset, 
patients die or need permanent mechanical ventilation due to 
respiratory failure [1], although there are certain subsets of 
patients with rapid and slow progression. The disease course 
of sporadic ALS subjects, accounting for 95% of patients, 
is rather diverse [2]; thus, the identification of prognostic 
factors is important for clinical studies and medical care.

Bulbar onset and older age have been consistently 
reported as poor prognostic factors of ALS [3–7]. Lower 
body mass index and shorter time from onset to diagnosis 
are also poor prognostic factors [5, 7, 8]. A diagnosis of 
definite ALS using the revised El Escorial diagnostic criteria 
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has a poorer prognosis compared to all other diagnostic indi-
ces [6, 7]. The scores and decline rates of the revised ALS 
functional rating scale (ALSFRS-R) are also predictors of 
survival in ALS patients [9, 10]. As for biofluid markers, 
several indices, e.g., serum creatinine kinase and asymmetric 
dimethyl l-arginine in CSF, are potential prognostic factors 
of sporadic ALS [11, 12]. The most widely known staging 
systems include the King’s systems and the Milano–Torino 
functional staging (MiToS) systems [13, 14]. The MiToS 
system predicts long-term survival in ALS [15], and King’s 
staging was listed as an independent prognostic factor [16].

When a diagnosis of ALS is made, a nerve conduction 
study (NCS) is performed to rule out motor neuropathies and 
other ALS mimics. In ALS patients, an NCS often shows 
decreased compound muscle action potential (CMAP) 
amplitude and prolonged motor distal latency as the degree 
of atrophy increases. However, the relationship between an 
NCS and prognosis in ALS patients has not been clarified. 
Here, we examined whether an NCS could predict the prog-
nosis of sporadic ALS patients.

Methods

Participants

We examined 275 consecutive patients diagnosed with 
sporadic ALS at Nagoya University Hospital from Janu-
ary 2006 to March 2018 (Fig. 1). The patients fulfilled the 
revised El Escorial criteria for clinically definite, probable, 
probable laboratory-supported, or possible ALS. Of these 
patients, 208 underwent an NCS within 3 months of diag-
nosis. We excluded 18 patients with coexisting diseases that 

can cause a peripheral nerve disorder as follows: diabetes 
(n = 15), chemotherapy (n = 2), and tethered cord syndrome 
(n = 1). Finally, 190 patients were included in the study. 
The included patients were also registered and followed 
in Japanese Consortium for Amyotrophic Lateral Sclero-
sis Research (JaCALS) [17]. We also included 47 age- and 
gender-matched control subjects with no neurological dis-
orders [18].

Diagnosis and follow‑up period

At diagnosis, full clinical examinations were conducted by 
neurologists. A diagnosis of ALS was based on the revised 
El Escorial criteria. Disease onset was defined as the time 
when the first symptom was noticed by the patients. The 
region of disease onset was classified into bulbar or spinal. 
The Japanese version of the ALSFRS-R validated by Ohashi 
et al. [19] was used as a scale of motor function. We used 
King’s staging and MiToS functional staging for evalua-
tion [13, 14]. The patients were prospectively followed up 
with telephone surveys conducted by clinical research coor-
dinators or via examinations by neurologists to check the 
prognosis every 3 months. The endpoint was defined as the 
time when a patient died or started tracheostomy positive-
pressure ventilation. The observation period continued until 
5 years after onset or until the end point [17].

NCS

An NCS was performed on the side of the body with the 
most severe symptoms using a standard method as described 
previously [18, 20–22]. Motor nerve conduction was investi-
gated in the median, ulnar, and tibial nerves, recording from 
the abductor pollicis brevis (APB), abductor digiti minimi 
(ADM), and abductor hallucis brevis, respectively. Sensory 
nerve conduction was investigated in the median, ulnar, and 
sural nerves, recording from the proximal interphalangeal 
joint of the index finger, proximal interphalangeal joint of 
the little finger, and just behind the lateral malleolus, respec-
tively. Diagnosis of mononeuropathies including median 
entrapment was made from clinical symptoms and nerve 
conduction study, based on the established diagnostic cri-
teria [23].

Statistical analysis

The following NCS indices were used as variables: motor 
nerve conduction velocity (MCV) (wrist-elbow), distal 
latency, CMAP amplitude (wrist), sensory nerve conduc-
tion velocity (SCV) (wrist), and sensory nerve action poten-
tial (SNAP) amplitude (wrist) of the median nerve; MCV 
(wrist-elbow), distal latency, CMAP amplitude (wrist), SCV 
(wrist), and SNAP amplitude (wrist) of the ulnar nerve; 

275 patients were examined 

67 did not undergo a 
nerve conduction study 

208 underwent a nerve conduction 
study within 3 months of diagnosis  

18 with coexisting 
diseases 

causing a peripheral 
nerve disorder 

190 were included in the analysis 
followed for 5 years from onset or 

until endpoints 
8 were lost during the follow-up 

period 

Fig. 1  Flowchart of participant recruitment
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MCV (ankle-popliteal fossa), distal latency, and CMAP 
amplitude (ankle) of the tibial nerve; and SCV and SNAP 
amplitude of the sural nerve. Onset age, sex, onset site (bul-
bar vs. spinal), revised El Escorial criteria category (defi-
nite vs. others), King’s staging (King’s), MiToS functional 
staging, and ALSFRS-R decline rate were used as known 
prognostic factors. ALSFRS-R decline rate was defined as 
(48-ALSFRS-R score)/time from onset to nerve conduction 
study (month). We used the Mann–Whitney U test for two-
group comparisons and analysis of variance with Bonfer-
roni’s correction to compare the variables among multiple 
groups. Univariate survival analyses for each NCS variable 
were performed using Cox proportional hazards analysis. 
Multivariate survival analyses for each NCS variable were 
also performed using Cox proportional hazards analy-
sis including the known prognostic factors as covariates. 
Analysis including the variables with a P value < 0.1 in the 
univariate or multivariate analyses and the known prognos-
tic factors was conducted using Cox stepwise proportional 
hazards analysis, using a P value < 0.05 as the entry criterion 
and a P value ≥ 0.05 as the removal criterion. Kaplan–Meier 
curve analysis was performed for NCS variables that showed 
a significant association with prognosis in the second multi-
variate analysis. The variables were divided into two groups 
according to the median value. The survival curves of each 
group were compared with the log-rank test. Given the age-
dependent alterations of NCS findings, we conducted analy-
ses with different age groups (below the 25th percentile, 
above the 25th percentile and below the 75th percentile, and 
above the 75th percentile). We also conducted analysis in the 
subset of patients with bulbar-onset ALS. A P value < 0.05 
was considered significant. All statistical analyses were 
conducted using SPSS Statistics version 25.0 (IBM, Tokyo, 
Japan).

Results

Patient characteristics

The characteristics of the included patients were similar to 
those in the previous reports from Japan (Table 1) [24, 25]. 
They were followed for 17.48 (6.04–31.12) months (median 
[interquartile range]), and more than half (57.9%) of them 
reached the endpoint. 8 out of the 190 patients were lost dur-
ing the follow-up period (Fig. 1). The CMAP amplitudes and 
distal latencies of motor nerves, together with median nerve 
MCV, were significantly different between the ALS patients 
and controls after Bonferroni’s correction (Table 2). The 
SNAP amplitudes of the median and ulnar nerves were also 
significantly reduced in ALS subjects. NCS together with 
clinical examination detected no obvious mononeuropathies.

Identification of prognostic factors

In the univariate analyses, all of the NCS indices, but the 
SNAP amplitude of any nerve, sural nerve SCV, and ulnar 
nerve MCV, and SCV showed an association with prognosis 
with P values < 0.1 (Table 3). In the multivariate analyses, 
following indices showed P values < 0.1 (Table 3); CMAP 
amplitude of the median and ulnar nerves, distal latency of 
the median, ulnar, and tibial nerves, median nerve MCV, 
median nerve SNAP amplitude, and sural nerve SCV. We 
thus included these variables and the known prognostic 
factors into Cox stepwise proportional hazards analysis 
(Table 4). The Cox model selected the median nerve CMAP 
and SNAP amplitudes, in addition to onset age, onset site, 
MiToS functional staging, and ALSFRS-R decline rate, as 
prognostic factors.

Relationship between NCS variables and prognosis

To verify the plausibility of the NCS as prognostic factors, 
we investigated Kaplan–Meier curves divided according to 
the median value of each parameter. The results demonstrated 
a significant difference in the survival curves between the 
groups with lower and higher median nerve CMAP ampli-
tudes in all age groups (Fig. 2). As for the median nerve SNAP 
amplitude, there was a significant difference in the survival 

Table 1  Patient characteristics (n = 190)

ALS amyotrophic lateral sclerosis, ALSFRS-R revised ALS functional 
rating scale, IQR interquartile range, King’s King’s staging, MiToS 
MiToS functional staging, TPPV tracheostomy positive pressure ven-
tilation
a Data represent median (IQR)
b Data represent number (%)

Characteristics

Onset age (years) 63.71 (56.92–69.46)a

Sex (male/female) 116/74
Time from onset to diagnosis (month) 13.7 (10.0–22.5)a

Time from nerve conduction study to diagno-
sis (month)

0.30 (0.16–0.67)a

Onset site [n (%)]
 Spinal 141 (74.2)b

 Bulbar 49 (25.8)b

Revised El Escorial criteria category
 Definite ALS 42 (22.1)b

 Probable ALS 93 (48.9)b

 Probable laboratory-supported ALS 36 (18.9)b

 Possible ALS 19 (10.0)b

ALSFRS-R score 41 (37–44)a

King’s 2 (1–3)a

MiToS 0 (0–0)a

Event (died or introduced TPPV) 110
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curves between the groups with lower and higher median 
nerve CMAP amplitudes, but only in the patient population 
aged below the 25th percentile (56.91 years or lower), with 
no significant difference in any other age group (Fig. 3). As it 
is well known that bulbar-onset ALS patients have late onset 
and poor prognosis, we also performed subgroup analysis of 
patients whose initial symptom was bulbar palsy. Our results 
showed that there was a significant difference in the survival 
curves between the groups with lower and higher median 
nerve CMAP amplitudes, such difference was not found with 
regard to the median nerve SNAP amplitudes (Fig. 4).

Discussion

The results of the present study showed that the CMAP and 
SNAP amplitudes of the median nerve were independent 
prognostic factors of sporadic ALS. CMAP amplitude had 

the strongest influence on prognosis outside the onset site. 
The higher the median nerve CMAP amplitude, the bet-
ter the prognosis in all age groups, suggesting that a high 
CMAP amplitude is an age-independent indicator of good 
prognosis. By contrast, the higher the median nerve SNAP 
amplitude, the worse the prognosis in young patients with 
sporadic ALS, implying that a low SNAP amplitude is an 
age-dependent indicator of good prognosis.

CMAP amplitude is construed as a rough estimation 
of the number of muscle fibers that are activated by nerve 
stimulation, and thus, an indicator of the number of nerve 
fibers that become excitable upon nerve stimulation as long 
as neuromuscular transmission is normal. A decrease of 
CMAP amplitude is observed in axonal degeneration, but 
also in segmental demyelination, albeit to a lesser degree 
[26]. Pathologically, the phrenic nerves of patients with ALS 
studied postmortem reportedly contain only 33% of the nor-
mal number of large myelinated fibers and the ratio of axonal 
circumference to myelin lamellae in large myelinated fibers 
in the distal segment was 34% greater than that in control 
fibers [27]. Furthermore, the large diameter of motor neuron 
columns were markedly and selectively decreased in ALS 
[28]. Axonopathy and the vulnerability of alpha fibers under-
lie the pathology of ALS [28], and these pathomechanisms 
appear to be reflected in the reduction of the CMAP ampli-
tude of the median nerve.

Another important observation in our study was that the 
CMAP amplitude of the median nerve was more strongly 
associated with prognosis than that of the ulnar nerve. In 
patients with ALS, the thenar muscles (APB) and first dorsal 
interosseous muscle (FDI) were more severely denervated 
than the hypothenar muscles (ADM), and this pattern of 
dissociated small hand muscle atrophy has been labeled 
the “split hand” [29]. Kuwabara et al. [30] reported that, 
compared with normal controls, patients with ALS had a 
reduced APB/ADM amplitude ratio and FDI/ADM ratio. 
Prominent muscle atrophy in APB and FDI, with a rela-
tively preserved ADM, was considered to reflect the central 
and peripheral pathophysiology of ALS [31]. In the present 
study, the CMAP amplitudes of the median and ulnar nerves 
were recorded from the APB and ADM, respectively. The 
stronger relationship between median nerve CMAP ampli-
tude and prognosis is possibly associated with the pathologi-
cal factors underlying split hand.

SNAP amplitude is considered to be a rough esti-
mation of the number of sensory fibers of greater than 
9 μm in diameter that are activated by nerve stimulation 
[26, 32]. A loss of approximately one-third fibers with a 
diameter greater than 7 μm is a requisite for a substantial 
drop in SNAP [26]. Although sporadic ALS selectively 
impairs the motor neuron system, the sensory system is 
also reportedly affected in certain cases. Previous studies 
documented electrophysiologic and pathologic findings 

Table 2  Nerve conduction study results

ALS amyotrophic lateral sclerosis, CMAP compound muscle action 
potential, IQR interquartile range, MCV motor nerve conduction 
velocity, SCV sensory nerve conduction velocity, SNAP sensory nerve 
action potential
a Mann–Whitney U test

Median (IQR) P valuea

ALS (n = 190) Control (n = 47)

Median nerve
 MCV (m/s) 54.0 (51.0–58.0) 57.0 (54.0–59.0) 0.001
 Distal latency (ms) 4.1 (3.6–4.7) 3.5 (3.3–3.7)  < 0.001
 CMAP amplitude 

(mV)
4.0 (1.5–6.7) 8.1 (6.6–9.0)  < 0.001

 SCV (m/s) 52.0 (48.0–56.2) 54.0 (50.0–58.0) 0.015
 SNAP amplitude 

(μV)
23.9 (16.3–32.6) 20.1 (14.8–24.2) 0.013

Ulnar nerve
 MCV (m/s) 58.0 (53.0–61.0) 56.0 (53.0–61.0) 0.434
 Distal latency (ms) 2.9 (2.7–3.2) 2.6 (2.4–2.8)  < 0.001
 CMAP amplitude 

(mV)
5.7 (2.5–7.3) 6.9 (6.4–8.2)  < 0.001

 SCV (m/s) 52.0 (48.8–54.6) 52.0 (49.0–55.0) 0.563
 SNAP amplitude 

(μV)
21.8 (15.3–30.4) 18.6 (12.0–24.1) 0.014

Tibial nerve
 MCV (m/s) 44.0 (42.0–47.0) 45.0 (43.0–45.0) 0.291
 Distal latency (ms) 4.7 (4.2–5.3) 4.1 (3.6–4.5)  < 0.001
 CMAP amplitude 

(mV)
7.2 (4.2–10.2) 9.5 (7.7–12.8)  < 0.001

Sural nerve
 SCV (m/s) 50.0 (47.0–53.0) 48.0 (46.0–52.0) 0.165
 SNAP amplitude 

(μV)
15.8 (9.5–22.1) 13.3 (9.3–22.5) 0.751
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indicate a pattern of axonal loss predominantly affect-
ing large-caliber myelinated fibers [33–35]. In addition, 
small fiber involvement is also suggested in ALS [36, 
37]. SNAP amplitude decreases with age, and the age-
dependent attenuation of SNAP is remarkable compared to 
that of CMAP amplitude [38]. This is the reason why we 
performed Kaplan–Meier curve analysis in different age 
groups. In the present study, median nerve SNAP ampli-
tude was associated with the prognosis of young sporadic 

ALS patients, suggesting that there is a patient group with 
low median nerve SNAP amplitude and relatively good 
prognosis, although the underlying mechanism is elusive. 
Hyperexcitability underlies the neurodegenerative process 
of spinal and cortical motor neuron in animal models of 
ALS [39], and this hypothesis is supported by electrophys-
iogical studies in patients [40]. While glial impairment 
and inhibitory failure have been postulated to mediate 
hyperexcitability of spinal motor neurons, sensory input 
is another factor regulating excitability of motor neurons. 
In support of this view, enhanced response to peripheral 
sensory inputs was observed in patients with ALS [41]. 
These findings indicate that excitation by sensory axons 
has a beneficial effect on motor neuron degeneration in 
a mouse model of ALS [42, 43], and decreased sensory 
input is likely protective for motor neurons in ALS. This 
possibly accounts for the better prognosis of patients with 
low SNAP amplitudes in the present study. Given the 
genetic heterogeneity of sporadic ALS [44], a genomic 
variant may also be associated with our findings. Further 
clinical and basic studies are necessary to clarify the rela-
tionship between sensory nerve integrity and the prognosis 
of patients with ALS.

Table 3  Cox proportional 
hazards analysis of survival

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Median nerve
 MCV (m/s) 0.932 0.901–0.965 6.1 × 10–5 0.963 0.926–1.002 0.065
 Distal latency (ms) 1.449 1.234–1.702 6.0 × 10–6 1.360 1.142–1.619 0.001
 CMAP amplitude (mV) 0.848 0.795–0.904 5.32 × 10–7 0.822 0.763–0.887 3.52 × 10–7

 SCV (m/s) 0.971 0.943–1.000 0.049 0.997 0.967–1.028 0.841
 SNAP amplitude (μV) 1.003 0.989–1.018 0.671 1.018 1.002–1.034 0.028

Ulnar nerve
 MCV (m/s) 0.975 0.946–1.005 0.104 0.998 0.962–1.305 0.901
 Distal latency (ms) 1.583 1.187–2.111 0.002 1.545 1.146–2.082 0.004
 CMAP amplitude (mV) 0.870 0.184–0.929 3.8 × 10–5 0.872 0.806–0.944 0.001
 SCV (m/s) 0.991 0.953–1.030 0.646 1.027 0.983–1.073 0.237
 SNAP amplitude (μV) 1.008 0.992–1.024 0.345 1.013 0.994–1.033 0.176

Tibial nerve
 MCV (m/s) 0.942 0.894–0.993 0.025 0.977 0.924–1.033 0.414
 Distal latency (ms) 1.211 1.002–1.465 0.048 1.184 0.971–1.444 0.094
 CMAP amplitude (mV) 0.941 0.899–0.984 0.008 0.965 0.918–1.015 0.171

Sural nerve
 SCV (m/s) 0.977 0.945–1.010 0.163 0.974 0.940–1.009 0.138
 SNAP amplitude (μV) 0.991 0.973–1.009 0.336 1.005 0.986–1.025 0.591

Table 4  Multivariate analysis for survival with Cox stepwise propor-
tional hazards analysis

ALSFRS-R revised amyotrophic lateral sclerosis functional rating 
scale, CI confidence interval, CMAP compound muscle action poten-
tial, HR hazard ratio, MiToS MiToS functional staging, SNAP sensory 
nerve action potential

HR 95% CI P value

Onset age 1.049 1.025–1.074 5.4 × 10–5

Onset site (bulbar vs spinal) 2.149 1.337–3.455 0.002
MiToS 1.576 1.047–2.371 0.029
ALSFRS-R decline rate 2.420 1.654–3.539 5.0 × 10–6

Median nerve CMAP amplitude 0.796 0.731–0.866 1.24 × 10–7

Median nerve SNAP amplitude 1.028 1.009–1.046 0.003
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There are several limitations in the present study. Only 
a single cohort with Japanese patients was investigated 
in our study. Although clinical findings suggest early 
involvement of the first dorsal interosseous (FDI) in ALS 
patients [31], we did not evaluate ulnar CMAP of FDI in 
the present study. Neurophysiological index, an electro-
physiological marker of ALS [45], was not calculated in 
the participants, as we did not record ulnar F-wave. Fur-
ther studies evaluating FDI CMAP and neurophysiological 
index would thus be necessary for validating our finding.

Conclusions

Median nerve CMAP and SNAP amplitudes are independent 
prognostic factors of ALS. An NCS can be used as one of the 
composite markers for the prognosis of ALS. The associa-
tion of low median CMAP with poorer prognosis in ALS 
patients is a much stronger and better marker than median 
SNAP alternations.

Fig. 2  Median nerve CMAP amplitude and prognosis. a Comparison 
of the survival rate between the groups with median nerve CMAP 
amplitude being lower and higher than the median of the total pop-
ulation. The median value of median nerve CMAP amplitude was 
4.0 mV. b Comparison of the survival rate between the groups with 
median nerve CMAP amplitude being lower and higher than the 
median of the population aged below the 25th percentile (56.91 years 
or lower). The median value of median nerve CMAP amplitude was 
4.3 mV. c Comparison of the survival rate between the groups with 

median nerve CMAP amplitude being lower and higher than the 
median of the population aged above the 25th percentile and below 
the 75th percentile (56.92–69.45 years). The median value of median 
nerve CMAP amplitude was 3.7  mV. d Comparison of the survival 
rate between the groups with median nerve CMAP amplitude being 
lower and higher than the median of the population aged above the 
75th percentile (69.46 years or higher). The median value of median 
nerve CMAP amplitude was 4.0 mV
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Fig. 3  Median nerve SNAP amplitude and prognosis. a Comparison 
of the survival rate between the groups with median nerve SNAP 
amplitude being lower and higher than the median of the total pop-
ulation. The median value of median nerve SNAP amplitude was 
23.9 μV. b Comparison of the survival rate between the groups with 
median nerve SNAP amplitude being lower and higher than the 
median of the population aged below the 25th percentile. The median 
value of median nerve SNAP amplitude was 28.6 μV. c Comparison 

of the survival rate between the groups with median nerve SNAP 
amplitude being lower and higher than the median of the population 
aged above the 25th percentile and below the 75th percentile. The 
median value of median nerve SNAP amplitude was 22.7 μV. d Com-
parison of the survival rate between the groups with median nerve 
SNAP amplitude being lower and higher than the median of the pop-
ulation aged above the 75th percentile. The median value of median 
nerve SNAP amplitude was 19.0 μV

Fig. 4  Median nerve CMAP, SNAP amplitudes, and prognosis in the 
subset of patients with bulbar-onset ALS. a Comparison of the sur-
vival rate between the groups with median nerve CMAP amplitude 
being lower and higher than the median. The median value of median 

nerve CMAP amplitude was 5.4  mV. b Comparison of the survival 
rate between the groups with median nerve SNAP amplitude being 
lower and higher than the median. The median value of median nerve 
SNAP amplitude was 21.3 μV



2531Journal of Neurology (2020) 267:2524–2532 

1 3

Acknowledgements This work was funded by a Japan Society for the 
Promotion of Science KAKENHI grant (No. JP17H04195); a grant 
from the Japan Agency for Medical Research and Development (No. 
19ek0109359h0002); a grant from the Naito Foundation; and a grant 
from the Hori Sciences and Arts Foundation.

Author contributions EI: designed and conceptualized the study; ana-
lyzed the data; drafted the manuscript; TN, NA, and GS: interpreted 
the data; revised the manuscript for intellectual content; MN: analyzed 
and interpreted the data; MS, YH, RN, and NH: acquisition of data; 
MK: designed and conceptualized study; interpreted the data; revised 
the manuscript for intellectual content.

Compliance with ethical standards 

Conflicts of interest The authors declare they have no conflict of inter-
est.

Ethical standards This study was conducted according to the 1964 dec-
laration of Helsinki and its later amendments, the Ethics Guidelines for 
Human Genome/Gene Analysis Research, and the Ethical Guidelines 
for Medical and Health Research Involving Human Subjects endorsed 
by the Japanese government. This study was approved by the Ethics 
Review Committee of Nagoya University Graduate School of Medicine 
and all participants gave written informed consent before participation.

References

 1. Atsuta N, Watanabe H, Ito M et al (2011) Development of a 
telephone survey system for patients with amyotrophic lateral 
sclerosis using the ALSFRS-R (Japanese version) and applica-
tion of this system in a longitudinal multicenter study. Shinkei 
Kenkyu No Shinpo 63:491–496

 2. Watanabe H, Atsuta N, Hirakawa A et al (2016) A rapid func-
tional decline type of amyotrophic lateral sclerosis is linked 
to low expression of TTN. J Neurol Neurosurg Psychiatry 
87:851–858

 3. Chiò A, Mora G, Leone M et al (2002) Early symptom progres-
sion rate is related to ALS outcome: a prospective population-
based study. Neurology 59:99–103

 4. Traynor BJ, Codd MB, Corr B, Forde C, Frost E, Hardiman OM 
(2000) Clinical features of amyotrophic lateral sclerosis accord-
ing to the El Escorial and Airlie House diagnostic criteria: a 
population-based study. Arch Neurol 57:1171–1176

 5. del Aguila MA, Longstreth WT Jr, McGuire V, Koepsell TD, 
van Belle G (2003) Prognosis in amyotrophic lateral sclerosis: 
a population-based study. Neurology 60:813–819

 6. Millul A, Beghi E, Logroscino G, Micheli A, Vitelli E, Zardi A 
(2005) Survival of patients with amyotrophic lateral sclerosis 
in a population-based registry. Neuroepidemiology 25:114–119

 7. Chio A, Logroscino G, Hardiman O et al (2009) Prognostic 
factors in ALS: a critical review. Amyotrophic Lateral Scler 
10:310–323

 8. Ning P, Yang B, Li S et al (2019) Systematic review of the prog-
nostic role of body mass index in amyotrophic lateral sclerosis. 
Amyotroph Lateral Scler Frontotemporal Degener 20:356–367

 9. Kimura F, Fujimura C, Ishida S et al (2006) Progression rate of 
ALSFRS-R at time of diagnosis predicts survival time in ALS. 
Neurology 66:265–267

 10. Kollewe K, Mauss U, Krampfl K, Petri S, Dengler R, Moham-
madi B (2008) ALSFRS-R score and its ratio: a useful predictor 
for ALS-progression. J Neurol Sci 275:69–73

 11. Lanznaster D, Bejan-Angoulvant T, Patin F et al (2019) Plasma 
creatinine and amyotrophic lateral sclerosis prognosis: a sys-
tematic review and meta-analysis. Amyotroph Lateral Scler 
Frontotemporal Degener 20:199–206

 12. Ikenaka K, Atsuta N, Maeda Y et al (2019) Increase of arginine 
dimethylation correlates with the progression and prognosis of 
ALS. Neurology 92:e1868–e1877

 13. Roche JC, Rojas-Garcia R, Scott KM et al (2012) A proposed stag-
ing system for amyotrophic lateral sclerosis. Brain 135:847–852

 14. Chiò A, Hammond ER, Mora G et al (2015) Development and 
evaluation of a clinical staging system for amyotrophic lateral 
sclerosis. J Neurol Neurosurg Psychiatry 86:38–44

 15. Tramacere I, Della Bella E, Chiò A et al (2015) The MITOS 
system predicts long-term survival in amyotrophic lateral scle-
rosis. J Neurol Neurosurg Psychiatry 86:1180–1185

 16. Pinto S, de Carvalho M (2017) Comparison of slow and forced 
vital capacities on ability to predict survival in ALS. Amyotroph 
Lateral Scler and Frontotemporal Degener 18:528–533

 17. Watanabe H, Atsuta N, Nakamura R et al (2015) Factors affect-
ing longitudinal functional decline and survival in amyotrophic 
lateral sclerosis patients. Amyotroph Lateral Scler Frontotem-
poral Degener 16:230–236

 18. Hama T, Hirayama M, Hara T et al (2012) Discrimination of 
spinal and bulbar muscular atrophy from amyotrophic lateral 
sclerosis using sensory nerve action potentials. Muscle Nerve 
45:169–174

 19. Ohashi Y, Tashiro K, Itoyama Y et al (2001) Study of functional 
rating scale for amyotrophic lateral sclerosis: revised ALSFRS 
(ALSFRS-R) Japanese version. No To Shinkei 53:346–355

 20. Kimura J (2001) Electrodiagnosis in diseases of nerve and mus-
cle: principles and practice, 3rd edn. Oxford University Press, 
New York, pp 130–177

 21. Koike H, Mori K, Misu K et al (2001) Painful alcoholic poly-
neuropathy with predominant small-fiber loss and normal thia-
mine status. Neurology 56:1727–1732

 22. Suzuki K, Katsuno M, Banno H et al (2008) CAG repeat size 
correlates to electrophysiological motor and sensory phenotypes 
in SBMA. Brain 131:229–239

 23. American Association of Electrodiagnostic Medicine, Ameri-
can Academy of Neurology, and American Academy of Physi-
cal Medicine and Rehabilitation (2002) Practice parameter for 
electrodiagnostic studies in carpal tunnel syndrome: summary 
statement. Muscle Nerve 25:918–922

 24. Kano O, Iwamoto K, Ito H et al (2013) Limb-onset amyotrophic 
lateral sclerosis patients visiting orthopedist show a longer 
time-to-diagnosis since symptom onset. BMC Neurol 13:19

 25. Kihira T, Yoshida S, Okamoto K et al (2008) Survival rate of 
patients with amyotrophic lateral sclerosis in Wakayama Pre-
fecture, Japan, 1966 to 2005. J Neurol Sci 268:95–101

 26. Shin JO (1993) Clinical electromyography: nerve conduction 
studies, 3rd edn. Williams and Wilkins, Baltimore, pp 582–600

 27. Bradley WG, Good P, Rasool CG, Adelman LS (1983) Morpho-
metric and biochemical studies of peripheral nerves in amyo-
trophic lateral sclerosis. Ann Neurol 14:267–277

 28. Kawamura Y, Dyck PJ, Shimono M, Okazaki H, Tateishi J, 
Doi H (1981) Morphometric comparison of the vulnerability 
of peripheral motor and sensory neurons in amyotrophic lateral 
sclerosis. J Neuropathol Exp Neurol 40:667–675

 29. Wilbourn AJ (2000) The “split hand syndrome”. Muscle Nerve 
23:138

 30. Kuwabara S, Sonoo M, Komori T et al (2008) Dissociated small 
hand muscle atrophy in amyotrophic lateral sclerosis: frequency, 
extent, and specificity. Muscle Nerve 37:426–430

 31. Eisen A, Kuwabara S (2012) The split hand syndrome in 
amyotrophic lateral sclerosis. J Neurol Neurosurg Psychiatry 
83:399–403



2532 Journal of Neurology (2020) 267:2524–2532

1 3

 32. Behse F (1978) Sensory action potentials and biopsy of the sural 
nerve in neuropathy. Brain 101:473–493

 33. Hammad M, Silva A, Glass J, Sladky JT, Benatar M (2007) 
Clinical, electrophysiologic, and pathologic evidence for sen-
sory abnormalities in ALS. Neurology 69:2236–2242

 34. Pugdahl K, Fuglsang-Frederiksen A, de Carvalho M et al (2007) 
Generalised sensory system abnormalities in amyotrophic lat-
eral sclerosis: a European multicentre study. J Neurol Neurosurg 
Psychiatry 78:746–749

 35. Isak B, Tankisi H, Johnsen B et al (2016) Involvement of distal 
sensory nerves in amyotrophic lateral sclerosis. Muscle Nerve 
54:1086–1092

 36. Truini A, Biasiotta A, Onesti E et al (2015) Small-fibre neuropa-
thy related to bulbar and spinal-onset in patients with ALS. J 
Neurol 262:1014–1018

 37. Dalla Bella E, Lombardi R, Porretta-Serapiglia C et al (2016) 
Amyotrophic lateral sclerosis causes small fiber pathology. Eur 
J Neurol 23:416–420

 38. Taylor PK (1993) CMAP dispersion, amplitude decay, and area 
decay in a normal population. Muscle Nerve 16:1181–1187

 39. Martínez-Silva ML, Imhoff-Manuel RD, Sharma A et  al 
(2018) Hypoexcitability precedes denervation in the large 

fast-contracting motor units in two unrelated mouse models of 
ALS. Elife 7:e30955

 40. Kanai K, Shibuya K, Sato Y et al (2012) Motor axonal excitabil-
ity properties are strong predictors for survival in amyotrophic 
lateral sclerosis. J Neurol Neurosurg Psychiatry 83:734–738

 41. Sangari S, Iglesias C, El Mendili MM et al (2016) Impairment of 
sensory-motor integration at spinal level in amyotrophic lateral 
sclerosis. Clin Neurophysiol 127:1968–1977

 42. Kieran D, Hafezparast M, Bohnert S et al (2005) A mutation in 
dynein rescues axonal transport defects and extends the life span 
of ALS mice. J Cell Biol 169:561–567

 43. Ilieva HS, Yamanaka K, Malkmus S et al (2008) Mutant dynein 
(Loa) triggers proprioceptive axon loss that extends survival only 
in the SOD1 ALS model with highest motor neuron death. Proc 
Natl Acad Sci USA 105:12599–12604

 44. Nakamura R, Sone J, Atsuta N et  al (2016) Next-generation 
sequencing of 28 ALS-related genes in a Japanese ALS cohort. 
Neurobiol Aging 39:219.e1–8

 45. Swash M, de Carvalho M (2019) The ’neurophysiological index’ 
predicts survival in amyotrophic lateral sclerosis. Clin Neuro-
physiol 130:1684–1685


	A nerve conduction study predicts the prognosis of sporadic amyotrophic lateral sclerosis
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Participants
	Diagnosis and follow-up period
	NCS
	Statistical analysis

	Results
	Patient characteristics
	Identification of prognostic factors
	Relationship between NCS variables and prognosis

	Discussion
	Conclusions
	Acknowledgements 
	References




