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Abstract

Introduction: Although similar in the initial presentation, monomelic amyotrophy (MMA) and amyotrophic
lateral sclerosis (ALS) have different courses, management protocols, and outcomes. Correct diagnosis of
MMA andALS is crucial in the management aspect.This study aimed to assess the utility of nerve conduction
study (NCS) to differentiate MMA from ALS and also to develop an NCS-based scoring system for this
purpose.

Methods: This diagnostic accuracy study included |7 patients with MMA and 37 patients with ALS. Motor
NCS parameters of the median and ulnar nerves were compared between the two groups.An NCS-based
scoring system, HANS’, was developed from the parameters with significant differences between the two
groups, and its diagnostic validity to differentiate MMA from ALS was assessed.

Results: Both MMA and ALS showed a male predominance. The median age was lower in MMA, 24(18-34)
years than in ALS, 37(25-55) years. HANS (Hirayama ALS NCS Score) showed 77% sensitivity and 78%
specificity, with a good overall diagnostic accuracy of 78%.

Conclusion: The use of HANS may facilitate the differentiation of MMA from ALS and aid in directing
appropriate treatment.
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Introduction

Monomelic amyotrophy (MMA) and amyotrophic lateral
sclerosis (ALS) are rare neurodegenerative disorders affecting
the motor neurons. The prevalence of these two diseases varies
widely across the world. The prevalence of MMA and ALS is
3.3 and 8.0 per 100,000 in Japan, respectively.!-2

MMA and ALS begin with focal muscle weakness and
wasting. Despite similar initial presentation, MMA and ALS
differ widely in the context of age of onset, gender ratio,
course, outcome, and pharmacological intervention.
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MMA, also known as Hirayama disease, accounts for 11.3%
of diseases affecting motor neurons. The majority of cases
occur within the 15-25 age range, with a strong male
predominance. MMA affects a single limb. It progresses very
slowly over 2-5 years, followed by a period of stabilization.
The life expectancy of MMA patients is similar to that of
the general population. There is no approved
pharmacotherapy to alter the course of MMA, and using a
neck collar and cervical spine surgery are the mainstay of
treatment.’

ALS typically begins in the sixth or seventh decade, with a
slight male predominance. ALS progresses relentlessly to
involve the other parts of the body, resulting in death within
10 years in the majority of patients. Median survival in ALS
is 3 years.® Drugs approved to improve the median survival
of ALS are Riluzole, Edaravone, and Sodium phenylbutyrate-
Taurursodiol (PB-TURSO).%-1°

MMA and ALS are diagnosed after the exclusion of other
causes of muscle wasting, such as neuropathy, plexopathy,
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and radiculopathy, using MRI spine and nerve conduction
study (NCS), followed by demonstration of chronic
denervation in needle electromyography (EMG).!! ALS is
diagnosed with widespread EMG evidence of denervation
and fulfillment of El Escorial criteria.'> MMA is diagnosed
when EMG evidence of denervation is limited to a single
limb.!!

Similarities in the initial presentation of ALS and MMA make
it difficult to differentiate these two diseases, particularly in
the early stages. ALS has a predilection for the abductor
pollicis brevis (APB) and first dorsal interossei (FDI)
muscles, clinically manifested as thenar wasting and dorsal
guttering, known as ‘split-hand syndrome’ (SHS).!3-14
MMA, on the other hand, preferentially involves abductor
digiti minimi (ADM), leading to hypothenar wasting,
described as ‘reverse split-hand syndrome’ (R-SHS).!>

These distinguished clinical signs were demonstrated in
nerve conduction studies (NCS) by different researchers.
Most of the studies performed a motor study of the median
and ulnar nerves on the abductor pollicis brevis (APB) and
abductor digiti minimi (ADM) muscles, respectively. The
motor NCS parameters assessed were median and ulnar
motor amplitude or compound muscle action potential (APB-
CMAP and ADM-CMAP, respectively) and distal latency
(APB-DL and ADM-DL, respectively), APB-ADM CMAP
ratio, and APB-ADM DL ratio.! 517 ADM-CMAP and APB-
CMAP were lower in MMA and ALS, respectively.!> APB-
ADM CMAP ratio was found to be higher in MMA than in
ALS.!>17NCS can be a helpful tool in differentiating MMA
from ALS.

Objective

The objectives of this research were to explore the motor
NCS parameters between MMA and ALS and formulate an
NCS-based scoring system to differentiate between MMA
and ALS.

Methods

This diagnostic accuracy study was conducted on 17 cases
of MMA and 37 cases of ALS who were undergoing regular
follow-up in the Medicine outpatient department of a tertiary-
level teaching hospital from 2022 to 2024. ALS was
diagnosed with the fulfillment of El Escorial criteria, with
the aid of needle EMG.!® MMA was diagnosed in patients
with upper limb wasting, who did not have a positive family
history, and did not progress to affect the other limbs over
three years of follow-up, and showed needle EMG evidence
of denervation limited to one limb.'® All the study
participants underwent an MRI of the cervical spine and
NCS, ruling out radiculopathy, plexopathy, and neuropathy.
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Data on the motor NCS of the median and ulnar nerves were
collected in all 54 study participants. Abductor pollicis brevis
(APB) and abductor digiti minimi (ADM) muscles were used
for motor studies of the median and ulnar nerves,
respectively. Median and ulnar CMAP amplitudes and distal
motor latencies (APB-CMAP, APB-DL, ADM-CMAP, and
ADM-DL) were recorded. APB-ADM CMAP ratio and
APB-ADM DL ratio were calculated. All these parameters
were compared between the MMA and ALS groups. The
Mann-Whitney U test was used to compare all these right-
skewed quantitative data. P-value <0.05 was regarded as
statistically significant.

An NCS-based scoring system, ‘Hirayama ALS NCS Score’
(HANS), was developed based on the parameters that showed
significant differences between MMA and ALS. Suitable cut-
off values for these parameters were derived from the actual
positive rate versus false positive rate (TPR/FPR) curves.
HANS was evaluated for diagnostic power with the ROC
curve. The area under the ROC curve (AUROC) >0.7 was
considered acceptable. A suitable cut-off value of the total
score of HANS was determined from the TPR/FPR versus
threshold curve. Finally, sensitivity, specificity, positive
predictive value, negative predictive value, positive
likelihood ratio, negative likelihood ratio, and overall
accuracy were calculated for HANS.

Microsoft Excel 2016 and Statistical Package for the Social
Sciences (SPSS) 26.0 were employed for the final analyses.

Ethical consideration

The investigation was granted formal authorization by the
Institutional Ethical Review Board (IERB) of Shaheed
Monsur Ali Medical College Hospital [Ref: SMAMC/IERB/
2024/3(11), dated: 24/03/2024]. All procedures adhered to
ethical standards and the principles outlined in the
Declaration of Helsinki, with informed consent obtained
from participants aged 18 and older and assent from a parent
or guardian for minors.

Results

All the quantitative data showed high right skewness and
were expressed in terms of median and inter-quartile range
(IQR). The median age of the ALS group was higher than
that of the MMA group, 37(25-55) years and 24(18-34) years,
respectively, which was statistically significant (p-value
0.01). Both MMA and ALS groups showed a male
predominance. The ALS group had a higher male-female
ratio (5.2 versus 2.4), but this difference was not significant.
(Table 1).
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Basic motor NCS parameters (APB-CMAP, ADM-CMAP,
APB-DL, and ADM-DL) were abnormal in a total of
15(27%) participants, 5(29%) and 10(27%) belonging to the
MMA and ALS groups, respectively.

In MMA group, APB-CMAP was 5.6(2.7-9.2) mV and
ADM-CMAP was 2.8(1.3-6.1) mV. APB-CMAP and ADM-
CMAP in the ALS group were 3.6(3.2-4.0) mV and 5.7(3.2-
7.1)mV, respectively. ADM-CMAP was significantly lower
in the MMA group (p-value 0.03) (Table I).

APB-DL and ADM-DL were 3.3(3.1-3.8) mSec and 2.7(2.6-
3.4) mSec, respectively in MMA group, and 3.6(3.2-4.0)
mSec and 2.5(2.2-3.1) mSec, respectively in ALS group.
There was no statistically significant difference in distal
latencies between the MMA and ALS groups (Table I).

APB-ADM CAMP ratio in the ALS group was 0.8(0.6-1.4).
The MMA group had a higher APB-ADM CMAP ratio of
1.3 (0.8-3.6), which was statistically significant (p-value =
0.03) (Table I).

APB-ADM DL ratio was significantly lower in the MMA
group at 1.2 (1.1-1.3) than in the ALS group, which had a
ratio of 1.4 (1.2-1.6). This difference reached statistical
significance (p-value 0.02) (Table I).

Table-1. Age, gender and motor NCS parameters in study
participants

Parameters MMA(1=17) ALS(n2=37) p-value
Age (Years)! 24(18-34) 37(25-55)  0.012
Gender (M:F) 12:5 31:6 0.293
APB-CMAP (mV)!  5.6(2.7-9.2) 4.2(3.2-4.0) 0.517
APB-DL (mSec)! 3.3(3.1-3.8)  3.6(3.2-4.0) 0.222
ADM-CMAP (mV)!  2.8(1.3-6.1) 5.7(3.2-7.1) 0.03?
ADM-DL (mSec)! 2.7(2.6-3.4) 2.5(2.2-3.1) 0.15?
APB-ADM CMAP ratio'1.3(0.8-3.6) 0.8(0.6-1.4) 0.032
APB-ADM DL ratio!  1.2(1.1-1.3)  1.4(1.2-1.6) 0.022
1-Median(IQR) 2-Mann-Whitney 3-Fisher’s

U test exact test

An NCS-based scoring system, named the Hirayama ALS
NCS Score (HANS), was developed based on NCS
parameters that have significantly different values between
MMA and ALS: ADM-CMAP, APB-ADM CMAP ratio, and
APB-ADM DL ratio (Table II).
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TPR/FPR versus threshold curves showed that ADM-CMAP
<3.5mV (Figure 1), an APB-ADM CMAP ratio >3 (Figure
2), and an APB-ADM DL ratio <1.3 (Figure 3) were suitable
cut-off values for diagnosing MMA over ALS. Each
component was assigned a score of 0 or 1, based on the cut-
off values. The minimum and maximum total scores were 0
and 3, respectively (Table IT). The ROC curve indicated that
HANS was a satisfactory model, achieving an AUROC of
0.78 (Figure 4).

Table-2. Hirayama ALS NCS Score (HANS)

NCS Parameters Value Score
ADM-CMAP (mV) >3.5 0

<35 1
APB-ADM CMAP ratio <3.0 0

>3.0 1
APB-ADM DL ratio >1.3 0

<1.3 1
Total Score 0-3
2-3: MMA 0-1: ALS

A HANS score >2 was designated as the cut-off point for
the diagnosis of MMA over ALS as indicated by the TPR/
FTR versus threshold curve (Figure 5). AHANS score of 0-
1 was indicative of ALS, whereas a score of 2-3 would point
to MMA (Table II). HANS exhibited 76.5% sensitivity,
78.4% specificity, 61.9% positive predictive value, and
87.9% negative predictive value, achieving an overall
accuracy of 77.8% (Table III).

Table-3. Diagnostic validity of HANS

Parameters Estimate  95% Confidence
interval
Sensitivity 76.5% 50.1-93.2
Specificity 78.4% 81.8-75.3
Positive predictive value 61.9% 45.5-76.1
Negative predictive value ~ 87.9% 75.2-94.6
Positive likelihood ratio 3.5 1.8-6.9
Negative likelihood ratio 0.3 0.1-0.7
Accuracy 77.8% 54.5-89.0
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Figure-3: TPR/FPR versus threshold curve for APB-ADM DL-ratio
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Figure-5: TPR/FPR versus threshold curve for HANS
Discussion conducted in China found mean APB-ADM CMAP ratios

The median age of the MMA and ALS groups was 28 and
40 years, respectively, which is similar to a few recent Asian
studies’>**'®. The male dominance evident in both groups
corresponds with the gender distributions identified in a
majority of earlier research.!%-2!

ADM-CMAP was lower in the MMA group than in the ALS
group. A study from India reported similar findings.!?

In the MMA group, the APB-ADM CMAP ratio was
considerably higher. A recent study from India indicated that
80% of MMA patients had an APB-ADM CMAP ratio
greater than 1.4, contrasting with a ratio of less than 0.8
observed in all ALS patients.!> Additionally, research
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of 1.8 in MMA patients and 0.4 in ALS patients.'”

The APB-ADM DL ratio was significantly lower in
individuals with MMA. This finding diverges from a recent
Chinese study that reported no significant differences in the
APB-ADM DL ratio between MMA patients and those with
ALS.Y

The application of NCS in the context of MMA and ALS
primarily serves to rule out neuropathy and plexopathy. The
diagnostic capabilities of NCS were investigated for ALS,
with MUNIX and MScanFit-MUNE demonstrating
encouraging outcomes as diagnostic instruments for ALS.
The latter has shown potential in distinguishing ALS from
MM A.22'24
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The NCS-based scoring system, HANS, is less technically
demanding and has demonstrated remarkable diagnostic
precision in distinguishing between MMA and ALS.

Timely diagnosis of MMA is crucial in the management
aspect because the use of cervical collars and spine surgery
results in excellent functional outcomes.’ Avoidance of
redundant drug therapies for ALS is possible once the
diagnosis of ALS is ruled out. HANS can assist in
distinguishing between MMA and ALS, and thereby inform
suitable management strategies.

Limitations
Due to the rarity of the diseases, the research was conducted
with a limited sample size. Participants were sourced from a
single center. The quantitative data could not be analyzed
using more rigorous tests, such as the t-test, due to its skewed
distribution.

Conclusion

The exceptional diagnostic performance of HANS highlights
its potential for accurately distinguishing between MMA and
ALS. There is a need for further prospective, multi-site
investigations of HANS utilizing larger cohorts.
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