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Introduction 

Ulnar neuropathy at the elbow (UNE) is the second most 
common mononeuropathy after carpal tunnel syndrome [1]. 
Neurophysiologic studies, including motor nerve conduction 
studies (NCS) and needle examinations, are commonly used to 
confirm the diagnosis of UNE. Although short segmental incre-
mental studies have played a role in the localization of demyelin-

Objective: This study investigated the correlations between magnetic resonance imaging (MRI) 
and nerve conduction studies (NCS) in patients with ulnar neuropathy at the elbow (UNE). 
Methods: In total, 46 patients who underwent elbow MRI and NCS at a single center from 2014 
to 2018 were included. Motor studies, including segmental and inching tests, and sensory NCS 
were performed. The 5-point severity score was evaluated based on the signal change and swell-
ing in the fat-suppressed T2 weighted sequence. The findings of MRI and NCS were grouped 
into 3 categories. The Spearman rank test was used to evaluate correlations between the severity 
score on MRI and electrodiagnostic parameters. 
Results: The locations of the lesions on MRI and NCS were correlated in 20 of the 46 patients 
with UNE, while the other 20 patients had no correlations. Six patients who could not be catego-
rized according to the location showed various findings. The severity score based on MRI 
showed significant negative correlations with amplitude on the segmental study (r = –0.423, p = 
0.002) and the inching study (r = –0.456, p = 0.002), and with conduction velocity in the seg-
mental study (r = –0.526, p < 0.001) and the inching study (r = –0.548, p < 0.001). 
Conclusion: Electrodiagnostic outcomes had negative correlations with the severity score, re-
flecting the structural changes seen on MRI. Combining electrodiagnostic studies and MRI 
could make the diagnosis and localization more precise. 
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ating UNE [2,3], this method of diagnosing UNE has several 
limitations. First, localization is not easy in some patients with 
mild lesions or in those who have severe axonal injuries with low 
distal compound muscle action potential (CMAP) amplitudes 
[1,4]. Second, there can be errors in distance and latency mea-
surements [3,4]. Third, the sensitivity and specificity of this 
method are not very high [2,4]. 

Ultrasonography can also be used for the diagnosis of ulnar 
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neuropathy, but its sensitivity and specificity are likewise lower 
than ideal [5,6]. Magnetic resonance imaging (MRI) has be-
come increasingly important for the evaluation of UNE. Previ-
ous studies evaluating the diagnostic value of MRI findings of 
hyperintensity and nerve swelling showed varying results for 
sensitivity and specificity [5,7]. 

Although there have been many studies on UNE, few have in-
vestigated the relationship between MRI and electrodiagnostic 
studies in patients with UNE using segmental and inching stud-
ies to localize the location and determine its severity. The aim of 
this study was to investigate the correlations between MRI and 
NCS, especially segmental and inching studies, in patients with 
UNE. 

Materials and Methods 

1) Subjects 
Electronic medical records were searched for 194 patients di-

agnosed with or suspected of having UNE through electrodiag-
nosis from 2014 to 2018. In total, 46 patients who underwent el-
bow MRI and NCS were included in this retrospective study 
conducted at a single center. Patients who did not have a formal 
MRI reading or for whom the location of the lesion was difficult 
to identify through electrodiagnosis were excluded from the 
study. This study was exempt from Asan Medical Center Institu-
tional Review Board review (No. 2022-0619). 

2) Localization 
The location of the lesion, based on both MRI and NCS, was 

divided into 3 sections. Section 1 included the area from 2 cm 
above the elbow to 6 cm above the elbow, section 2 included the 
area from 2 cm above the elbow to 2 cm below the elbow, and 
section 3 included the area from 2 cm below the elbow to 6 cm 
below the elbow. The location was categorized as “undeter-
mined” if there was a broad lesion or if there were multiple le-
sions across the sections. A cross-sectional study design was used 
to evaluate the correlations of the localizations. 

3) Electrodiagnostic studies 
Neurophysiological testing was performed using an Oxford 

Synergy apparatus (Oxford Instruments; Medelec, Surrey, United 
Kingdom). Motor and sensory NCS were performed by electrical 
stimulation of the bilateral ulnar nerves, with the elbow flexed at 
90°. For the motor NCS, CMAPs were recorded from the abduc-
tor digiti minimi muscle with surface electrodes, with filter set-
tings of 3 Hz to 10 kHz, sensitivity of 5 mV for amplitude and 500 
mV for onset latency determination, and sweep of 20 ms. 

With clinical suspicion of UNE, both segmental and inching 
studies were conducted on the symptomatic side, and routine 
conduction studies were conducted on the wrist and the ulnar 
groove of the asymptomatic side [3]. In the segmental studies, 3 
points (the wrist, below the elbow, and above the elbow) were 
stimulated. The diagnosis of UNE was based on electrophysiologi-
cal criteria [3,8]. In the inching studies, 5 points of the ulnar nerve 
were stimulated at successive 2-cm intervals from 4 cm below to 6 
cm above the medial epicondyle. Latency of more than 0.4 ms was 
as a positive finding [9]. The inching study was analyzed because 
it had shorter segments than the segmental study, leading to the 
possibility that it could yield more significant values for certain pa-
rameters, such as the conduction velocity.  

Sensory nerve action potentials (SNAPs) were obtained anti-
dromically from the fifth finger, with filter settings of 20 Hz to 2 
kHz, sensitivity of 20 μV, and sweep of 10 ms. The needle exam-
ination included the first dorsal interosseous muscle and other 
ulnar innervated forearm flexors. 

4) MRI 
T2-weighted fat-saturated axial images focused on the ra-

dio-humeral joint were analyzed by 2 musculoskeletal radiolo-
gists, who reached consensus regarding their interpretation. The 
severity of each lesion was determined based on increased T2 
signal intensity and nerve swelling in a cross-sectional image of 
the ulnar nerve through a qualitative image analysis. T2 signal in-
tensity was qualitatively analyzed throughout the entire image. 
T2-weighted images without any hypersignal changes were con-
sidered “normal,” while those with a hypersignal change in the 
ulnar nerve were considered “abnormal” and further evaluated in 
terms of whether the change in the signal intensity was mild or 
severe. Mild swelling was defined as a more than 20% increase of 
the nerve caliber in relation to the proximal and distal segments, 
while severe swelling was defined as a more than 50% increase in 
the nerve caliber. The severity scoring for each section was con-
ducted by 2 radiologists using a 5-point score from 0 to 4, which 
was based on the signal alteration and/or swelling on the fat-sup-
pressed T2 weighted axial images [1,10]. Fig. 1 shows represen-
tative image sections. 

5) Statistical analysis 
Statistical analyses were performed using IBM SPSS ver. 25.0 

(IBM Corp., Armonk, NY, USA). The Spearman correlation 
method was used to evaluate the correlation between the severi-
ty score on MRI and each electrodiagnostic parameter. Values of 
p < 0.05 were considered to indicate statistical significance. 
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Results 

We reviewed 46 patients (28 males and 18 females) with avail-
able elbow MRI and NCS findings. The clinical and electrophys-
iologic findings of the 46 patients are described in Table 1. The 
mean age of the patients was 45.1 ±  16.9 years. On the day of the 
electrophysiologic study, 29 patients (63.0%) complained of sen-
sory symptoms and signs without muscle weakness. Five patients 
(10.9%) had weakness of the ulnar-innervated muscles without 
sensory symptoms and signs. Twelve (26.1%) patients reported 
both sensory symptoms and muscle weakness. All studies were 
consistent with UNE. There were no absent findings of CMAP, 
and the ulnar CMAP was reduced in 12 patients (26.1%). Mean-
while, the ulnar SNAP was absent in 9 patients (19.6%) and re-
duced in 14 patients (30.4%). The absolute motor nerve con-
duction velocity from above-elbow to below-elbow was less than 
50 m/s in 38 patients (82.6%). 

The MRI findings of 46 patients revealed ulnar nerve abnor-
malities at the elbow in 43 (93.5%) patients. Eighteen patients 
had isolated ulnar nerve hyperintensity, including 15 patients 
with a mild T2 signal change (score 1) and 3 patients with a se-
vere T2 signal change (score 2). A combination of ulnar nerve 
hyperintensity and mild swelling of the ulnar nerve at the elbow 
was the most common abnormality, seen in 18 patients (score 3), 
while 7 patients (score 4) had both signal changes and severe 
swelling of the ulnar nerve. 

Table 2 shows the relationship of the lesion localization be-
tween MRI and the electrodiagnostic study for 46 patients. Six 
patients were classified as having an “undetermined” location 
based on the MRI findings, while 20 patients showed correlated 
locations between the MRI and electrodiagnostic studies. Three 
patients had normal MRI and abnormal electrodiagnostic find-

Fig. 1. The severity based on the magnetic resonance imaging (MRI) findings using a 5-point score was evaluated based on the signal 
alteration and/or swelling on the fat-suppressed T2 weighted axial sequences. The images around the elbow were divided into 3 sections 
from 2 to 6 cm above the medial epicondyle (section 1), from 2 cm below the medial epicondyle to 2 cm above the medial epicondyle 
(section 2), and from 2 to 6 cm below the medial epicondyle (section 3). Fig. 1 shows representative images for the evaluation of ulnar 
neuropathy in section 2, and the ulnar nerve is indicated with white arrows. (A) Axial MRI on the right side depicts score 0 with a normal 
finding of the ulnar nerve. (B) Axial T2 fat-suppressed image shows a mild signal change (score 1). (C) Axial T2 fat-suppressed image on 
the left side presents a severe signal change (score 2). (D) MRI of the right elbow shows a signal change with mild swelling (score 3). (E) 
Axial MR on the right side depicts severe swelling with a severe signal change (score 4).

AA BB CC DD EE

ings, and 4 patients had normal electrodiagnostic and abnormal 
MRI findings. 

Table 3 and Fig. 2 show some correlations between the severity 
score on MRI and the parameters on the segmental and inching 
studies. The amplitude of sensory NCS showed a negative correla-
tion with the MRI-based severity score (r = –0.421, p = 0.004). In 
the segmental studies, the severity score based on MRI was cor-
related with the amplitude and conduction velocity in the same 
section of the lesion. In the inching studies, the severity score 
based on MRI was correlated with the amplitude and the conduc-
tion velocity in the matched section of the lesion. The severity 
score based on MRI was also correlated with the minimum values 
of the amplitude and the conduction velocity among the 5 points 
that we stimulated. 

Discussion 

This is the first study to reveal a correlation between MRI and 
NCS findings, including segmental and inching studies, in an in-
vestigation of the location and the severity of UNE. Most cases 
of UNE occur at the level of the retroepicondylar groove, which 
is called the cubital tunnel. This nerve may also be compressed 
at the humeral-ulnar aponeurosis between the 2 heads of the 
flexor carpi ulnaris (FCU) or at the point of the exit from the 
FCU [11]. Identifying the location of the entrapment helps with 
therapeutic decisions, because operative interventions such as 
resection of the arcuate ligament, medial epicondylectomy, and 
anterior transposition of the ulnar nerve can resolve cubital tun-
nel syndrome in some cases [12]. 

The ulnar nerve signal on T2 imaging has diagnostic impor-
tance in lesion localization since it is correlated with the segmen-
tal study of NCS. Increased signal intensity on T2 imaging indi-

J Electrodiagn Neuromuscul Dis 2022;24(2):19-25
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due to UNE might not be maximal at the site of the nerve dys-
function based on the segmental and inching studies [13]. How-
ever, our study showed a correlation of severity between MRI 
and NCS based on the segmental and inching studies, without a 
significant difference between the segmental and inching stud-
ies.. 

The findings of high signal intensity and nerve swelling on 
MRI represent focal demyelination. Previous studies reported 
that MRI was more sensitive than segmental NCS studies, espe-
cially in patients with non-localizing UNE. A previous study 
found no significant differences in MRI findings according to 
different scores of UNE severity [1]. However, our study con-
firmed that MRI and NCS produced similar findings and that 
the UNE severity based on the NCS was correlated with the 
MRI findings, as in the 25 patients who showed abnormal spon-
taneous activity on needle EMG. 

Furthermore, in a comparison between 2 subgroups, this study 
also revealed that more significant signal changes on elbow MRI 
were observed in patients with non-traumatic etiologies. Subgroup 
A included 18 patients with trauma and 3 patients with ulnar nerve 
subluxation. All 3 patients with ulnar nerve subluxation and 6 pa-
tients with traumatic history showed mild signal changes, with an 
MRI severity score of 1. Two patients with normal findings on 
MRI were confirmed to have UNE based on NCS. More than half 
of the patients with an MRI severity score of 3 and all patients with 
a score of 4 belonged to subgroup B, without traumatic etiology or 
subluxation. In particular, all patients with a severity grade of 4 
showed severe osteophytes and bony spurs on elbow MRI. There-
fore, it is inferred that MRI signal changes are more closely cor-
related with non-traumatic etiologies. 

Among 20 patients with discrepancies in the location between 
the NCS and MRI, 9 had a previous history of orthopedic sur-
gery. Among these patients, 6 had MRI findings superior to those 
of NCS, while 3 patients had NCS findings superior to those of 
MRI. Among 6 patients in the undetermined group based on 
MRI imaging, 5 patients had undergone previous orthopedic 
surgery and showed multiple lesions across the sections. Al-
though there was a clinical correlation between the location of 
the lesion on MRI and NCS in 50% of the patients, the other pa-
tients had discrepancies that may have been related to the differ-
ences in the patient's position during NCS and MRI. A moder-
ately flexed position (about 70° to 90°) has been recommended 
to ensure that surface skin measurements more closely reflect the 
true nerve length. An extended elbow position often causes an 
underestimation of the true nerve length, leading to artifactual 
delayed conduction velocity across the elbow. However, MRI is 
usually performed in the elbow-extended position [9,14,15]. 

Table 1. Clinical and Electrophysiologic Findings of 46 Patients 
with Ulnar Neuropathy at the Elbow

Characteristic Value
General characteristic
 Age (y) 45.1 ±  16.9  (18-78)
 Sex (male:female) 28 (60.9):18 (39.1)
 Affected side (left:right:both) 23 (50.0):22 (47.8):1 (2.2)
 Duration of symptoms (mo) 33.8 ±  39.3 (1-120)
Etiology
 Trauma 18 (39.1) 
 Osteoarthritis at the elbow 13 (28.3)
 Tendinopathy of FCU 4 (8.7)
 Ulnar nerve subluxation 3 (6.5)
 Medial epicondylitis 1 (2.2)
 Unknown 7 (15.2)
Clinical findings
 Sensory symptom only 28 (60.9)
 Motor symptom only 5 (10.9)
 Sensory and motor symptoms 13 (28.2)
 Definite atrophy of ulnar-innervated muscles 6 (13.0)
Sensory NCS
 Absent SNAP 9 (19.6)
 Low SNAP amplitude 14 (30.4)
 Normal SNAP amplitude 23 (50)
Motor NCS
 Absent CMAP 0 (0)
 Low CMAP amplitude stimulated at the wrist 12 (26.1)
 Normal CMAP amplitude stimulated at the wrist 34 (73.9)
 Conduction block only 2 (4.3)
 Conduction slowing only 22 (47.8)
 Conduction block and conduction slowing 22 (47.8)
MRI severity scoring in the section of the lesion
 Score 0 3 (6.5)
 Score 1 15 (32.6)
 Score 2 3 (6.5)
 Score 3 18 (39.1)
 Score 4 7 (15.2)
Surgery 14 (30.4)

For the age and the duration of the symptoms, the mean ± standard de-
viation and range are shown, while for the other parameters, number (%) 
are presented.
FCU, flexor carpi ulnaris; NCS, nerve conduction study; SNAP, sensory 
nerve action potential; CMAP, compound muscle action potential; MRI, 
magnetic resonance imaging.

cates the presence of UNE, and the magnitude of nerve caliber 
enlargement distinguishes between mild and severe neuropathy 
[10]. Our study included both segmental and inching studies to 
determine the correlation between MRI and NCS results of 
UNE. 

A previous study showed that ultrasonographic abnormalities 
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Table 2. Relationship of the Lesion’s Location Between MRI and Electrodiagnostic Studies in Diagnosing Ulnar Neuropathy at the Elbow  
(n = 46)

MRI Category
NCS

Normal (n =  4)
Abnormal (n =  42)

Section 1 Section 2 Section 3
Normal (n =  3) 0 3 0
Abnormal (n =  43) Section 1 0 0 0 0

Section 2 4 3 18* 9
Section 3 0 0 1 2*
Undetermined 2† 2† 2†

MRI, magnetic resonance imaging; NCS, nerve conduction study.
*Twenty patients showed a correlated location between MRI and electrodiagnostic studies (20/40 = 50.0%). †Among the 46 patients, 6 were classified as 
the ‘undetermined’ group based on MRI findings.

Table 3. The Relationship Between the Severity Score on MRI and the Parameters on Nerve Conduction Study

Study Parameter Spearman correlation coefficient (rho) p-value
Sensory study The amplitude of the sensory nerve conduction study -0.421 0.004*
Segmental study The amplitude at the lesion on MRI -0.423 0.002*

The conduction velocity at the lesion on MRI -0.526 <  0.001*
Inching study The amplitude at the lesion on MRI -0.456 0.002*

The conduction velocity at the lesion on MRI -0.548 <  0.001*
The minimum amplitude -0.512 <  0.001*
The minimum conduction velocity -0.583 <  0.001*

MRI, magnetic resonance imaging.
*p < 0.05 by Spearman correlation analysis.

Furthermore, another limitation is that the interval of the sec-
tions on MRI and the inching study were not exactly matched.  

We did not conduct any further analyses of the SNAP ampli-
tude because it is a limited parameter that depends on distance. 
In addition, the onset or peak latencies of SNAP could not be an-
alyzed for quantitative correlations with the severity score based 
on the MRI findings because there were several patients with no 
SNAP responses. Although a previous study reported abnormal-
ities on sensory NCS with normal findings on MRI, abnormali-
ties on sensory NCS usually suggest the possibility of axonal de-
generation [16]. This study showed a negative correlation be-
tween SNAP and MRI findings. To be more concrete, 4 patients 
had a score of 4 on MRI with hyperintensity and severe swelling 
of the ulnar nerve, and 3 of the 9 patients with absent SNAP 
findings had the lowest score on MRI, with mild hyperintensity. 

This study has several limitations. First, the relatively small 
sample size made it difficult to determine the correlation of the 
location of the lesion based on NCS and MRI with the operative 
findings. Although the medical records of 194 patients with NCS 
were reviewed, only 46 patients underwent MRI for ulnar neu-
ropathy, and only 14 patients had surgical records that confirmed 
the exact location of the lesion. Additional studies with larger 

sample sizes would reveal more definite correlations. Second, 
unblinded radiologists evaluated the MRI and qualitatively 
scored the severity of ulnar nerve entrapment. It would be pref-
erable to correlate the severity of NCS and the quantitative scor-
ing of MRI after measuring the interrater and intrarater reliabili-
ties. Furthermore, it was not feasible to determine the clinical re-
lationship of patients’ subjective symptoms with the severity and 
the location of the lesion based on NCS and MRI due to the in-
sufficient symptomatic data in the medical records. Additional 
prospective studies including precise information on the distri-
bution and the severity scales of the symptoms would give more 
useful information for the diagnosis of UNE. 

Conclusion 

Although some discrepancies about the location of the UNE 
existed between the electrodiagnostic studies and MRI, this 
study demonstrates that the electrodiagnostic outcomes have 
correlations with the severity score, which reflects the structural 
changes on MRI. In conclusion, using a combination of electro-
diagnostic studies and MRI improves diagnostic accuracy, in-
cluding the lesion localization and assessment of the severity of 
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UNE. It is necessary to verify the relevance and localization of 
patients’ symptoms through additional prospective studies. 
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Fig. 2. Relationships between the severity score on magnetic resonance imaging (MRI) and the parameters of nerve conduction studies. 
The severity score on MRI showed correlations with (A) the amplitude at the lesion of the segmental study, (B) the conduction velocity 
at the lesion of the segmental study, (C) the amplitude at the lesion of the inching study, (D) the conduction velocity at the lesion of the 
inching study, (E) the minimum amplitude of the inching study, and (F) the minimum conduction velocity of the inching study. (G) The 
severity score on MRI was correlated with the amplitude of the sensory nerve conduction studies.
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Introduction 

Congenital myopathies are a clinically and pathologically het-
erogeneous group of genetic myopathies characterized by hypo-
tonia, muscle weakness from birth, and a slowly progressive clin-
ical course [1]. Congenital myopathies have been classically cat-
egorized based on muscle pathologies such as nemaline rods, 
cores, central nuclei, and selective hypotrophy of type 1 fibers 
[2,3]. The application of next-generation sequencing has made it 
possible to identify the genetic causes of congenital myopathies 
quickly and easily, and nearly 50 causative genes have been iden-
tified to date [4]. Recent advances in molecular diagnosis have 

Objective: This study investigated the clinical, pathological, and genetic characteristics of 5 Ko-
rean patients with selenoprotein N-related myopathy (SELENON-RM). 
Methods: Five unrelated patients were genetically diagnosed with SELENON-RM by whole-ex-
ome or targeted gene panel sequencing. We then analyzed their clinical, pathological, and genetic 
spectra. 
Results: The median age at symptom onset was 3 years (interquartile range, 2–10 years). The 
most common clinical finding was proximal muscle weakness in all 5 patients, followed by spinal 
scoliosis and respiratory distress in 4 patients and delayed motor development in 2 patients. Oth-
er uncommon clinical findings were winged scapula in one patient and cardiomegaly in one pa-
tient. Magnetic resonance imaging of muscles revealed that fatty replacement was predominant 
in the paraspinal muscles, adductors, semimembranosus, semitendinosus, long head of the biceps 
femoris, and medial gastrocnemius. Muscle biopsies in 2 patients showed type 1 predominance 
and multiple eccentric cores within the fibers. We identified 5 pathogenic variants of SELENON. 
The most common variant was the c.1574T > G variant in 5 alleles (50%) in 4 patients (80%). 
Conclusion: In the first report of SELENON-RM in Korea, we identified 5 SELENON-RM pa-
tients and expanded existing knowledge on the clinical and genetic spectrum of these patients. 
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shown that the relationship between genotype and phenotype is 
highly complex. The same gene can cause different phenotypes 
and muscle pathologies, and multiple genes can result in the 
same clinicopathological findings [5]. 

Selenoprotein N-related myopathy (SELENON-RM), caused 
by pathogenic variants of SELENON, is an autosomal recessive 
congenital myopathy. SELENON-RM clinically presents with 
slowly progressive proximal muscle weakness, spinal scoliosis, 
and respiratory insufficiency [6,7]. Multi-minicores are the main 
histopathological features of SELENON-RM, but congenital fi-
ber-type disproportions and Mallory body-like inclusions have 
also been reported [7,8]. There have been large international 
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case series in Europe [7], and some smaller case series in Asia 
[9–11]. However, there are no reports demonstrating the de-
tailed clinical phenotypes of SELENON-RM patients in Korea. 
We evaluated the characteristics of SELENON-RM in a Korean 
population by analyzing clinical, pathological, and genetic data 
obtained from 5 unrelated patients with pathogenic variants in 
SELENON. 

Materials and Methods 

We reviewed the medical records from the myopathy database 
from January 2002 to December 2021 at Gangnam Severance 
Hospital. Five unrelated patients who had been diagnosed with 
SELENON pathogenic variants (MF27, MF88, MF1467, 
MF1481, and MF1949) were identified and included in this 
study. We previously reported one variant (c.619delC) as a novel 
pathogenic variant in SELENON in the MF88 patient, but did 
not present the detailed clinical and pathological phenotypes 
[12]. Clinical, laboratory, and pathology data were retrospective-
ly obtained by reviewing patients' medical records. Data from be-
fore patients visited our institution were extracted from medical 
records submitted by patients from other hospitals. Clinical in-
formation included the age at symptom onset, motor develop-
ment, muscle impairment, respiratory distress, scoliosis, and 
joint contractures. The laboratory analysis included serum cre-
atine kinase (CK) levels. Whole-body muscle magnetic reso-
nance imaging (MRI) was available for one patient (MF1467). 
Muscle biopsies were performed on 2 patients (MF27 and 
MF1467) at Gangnam Severance Hospital. Frozen muscle sec-

tions obtained from specimens were stained with hematoxylin 
and eosin, modified Gomori trichrome, and reduced nicotin-
amide adenine dinucleotide-tetrazolium reductase. The muscle 
biopsies of 2 other patients (MF88 and MF1481) had been con-
ducted previously at other hospitals, and we analyzed their pa-
thology reports. 

This study was approved by the institutional Review Board of 
Gangnam Severance Hospital, Korea (IRB no. 3-2022-0011). All 
participants had previously provided informed consent for their 
involvement in this study and genetic analysis. 

Results 

The clinical and pathological phenotypes of the 5 patients 
with SELENON pathogenic variants are summarized in Table 1. 
All patients had 2 pathogenic variants of SELENON. All variants 
were classified as likely pathogenic or pathogenic according to 
the guidelines of the American College of Medical Genetics and 
Genomics/Association for Molecular Pathology (Table 2) [7,10, 
12–14]. 

A 5-year-old boy (MF27, II-1 in Fig. 1A) presented to our clin-
ic with a 1-year history of respiratory insufficiency and proximal 
muscle weakness. He presented with delayed motor develop-
ment; unsupported sitting was achieved at 12 months and inde-
pendent gait at 18 months. When he was 4 years old, he was ad-
mitted to another clinic due to acute respiratory failure, and he 
was referred to our clinic 1 year later. He underwent a neurologi-
cal examination that showed muscle hypotrophy and severe sco-
liosis with spinal rigidity. Laboratory studies revealed a CK level 

Table 1. Clinical Characteristics of Patients with Selenoprotein N-Related Myopathy

Patient Sex Age at 
onset (y)

Age at 
diagnosis (y) Clinical presentation Scoliosis Respiratory 

distress
CK 

(IU/L)
Muscle 

pathology
Other clinical 

features
MF27 Male 1 22 Delayed motor develop-

ment and proximal 
muscle weakness

Yes Yes 42 Type 1 fiber  
predominance

None

MF88 Female 3 19 Early pulmonary distress, 
followed by proximal 
muscle weakness

Yes Yes 66 Myopathic 
changes

High-arched soft palate

MF1467 Female 19 29 Proximal muscle weak-
ness in adolescence

No No 182 Minicores Long face, bilateral facial 
palsy, high-arched soft 
palate, and winged 
scapula

MF1481 Male 2 27 Delayed motor develop-
ment and proximal 
muscle weakness

Yes Yes 555 Chronic myopa-
thic changes

None

MF1949 Male 10 18 Proximal muscle weak-
ness, followed by respi-
ratory distress

Yes Yes 230 NA Neck contracture, car-
diomegaly, and pericar-
dial effusion

CK, creatine kinase; NA, not available.
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of 45 IU/L (reference value, <  135 IU/L). Needle electromyog-
raphy was consistent with myopathic changes. A muscle biopsy 
was performed from the right vastus lateralis when the patient 
was 5 years old. It showed mild to moderate muscle size variation 
with type 1 fiber predominance, consistent with congenital fi-
ber-type disproportions. One year later, he underwent tracheos-
tomy and full-time non-invasive positive-pressure ventilation. At 
15 years of age, the patient underwent corrective spinal surgery. 
He became unable to walk independently when he was 19 years 

old and was in a bedridden state. Whole-exome sequencing iden-
tified a compound heterozygous variant (c.13_22dup + c.1574T 
>  G) in SELENON.  

A 15-year-old girl (MF88, II-1 in Fig. 1A) was born to healthy 
parents at 40 weeks of gestation, weighing 2.5 kg. Her brother 
presented with pulmonary insufficiency and muscle weakness, 
and was previously diagnosed with muscular dystrophy. At 3 
years of age, she experienced acute respiratory distress, but re-
covered within a few days. However, she had difficulty climbing 

Fig. 1. Pedigrees, muscle magnetic resonance imaging (MRI), and muscle biopsies in Korean families with SELENON-related myopathy. 
(A) Pedigrees of 5 families with SELENON pathogenic variants. Arrows indicate the probands (square, male; circle, female; filled, affected; 
unfilled, unaffected). (B) Muscle MRI findings of patient MF1467. Axial T1-weighted imaging revealed that fatty replacement was pre-
dominant in paraspinal muscles at the thoracic level (B1, B2), the adductor, semimembranosus, semitendinosus, and the long head of the 
biceps femoris at the thigh level (B3), and the medial gastrocnemius at the calf level (B4). (C) Muscle biopsy samples of the biceps brachii 
in MF1467. Mild muscle fiber size variation and little local necrotic fibers on hematoxylin and eosin staining (C1, ×200). Nicotinamide 
adenine dinucleotide staining, demonstrating multiple focal areas that are not stained (i.e., multiple eccentric cores) (C2, C3, ×400).

AA BB CC

Table 2. Pathogenic and Likely Pathogenic Variants in SELENON in the Present Study

Type Nucleotide changes Amino acid changes Patient Other studies reporting this variant
Frameshift c.13_22dup p.Gln8ProfsTer78 MF27 Silwal et al. [14]
Frameshift c.234delC p.Leu79TrpfsTer21 MF1467 Park et al. [12]
Nonsense c.565C >  T p.Arg189Ter MF1467 Villar-Quiles et al. [7]
Frameshift c.619del p.Gln173SerfsTer22 MF88, MF1481 Park et al. [12]
Missense c.1574T >  G p.Met525Arg MF27, MF88, MF1481, and MF1949 Izawa et al. [10]
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stairs or getting up from sitting since the age of 5 years. Since the 
age of 11 years, she complained of spinal rigidity, scoliosis, and 
the aggravation of muscle weakness. The serum CK level was 66 
IU/L, and needle electromyography showed generalized myopa-
thy. According to the pathology report, she had undergone mus-
cle biopsy when she was 14 years old from the left vastus lateralis, 
and it showed moderate-size variation in myofibers and a few de-
generating fibers. When she was referred to our clinic at 15 years 
of age, she exhibited a high-arched soft palate, and a severe re-
strictive pattern on pulmonary function testing. She had forced 
vital capacity values below 35% of that predicted for height, 
which worsened every year. When she was 20 years old, she be-
came unable to sit or walk alone. Targeted sequencing of 598 
neuromuscular disorder genes identified a compound heterozy-
gous variant (c.619del + c.1574T >  G) of SELENON. 

A 29-year-old woman (MF1467, II-1 in Fig. 1A) presented 
with a 10-year history of progressive muscle weakness. Her fami-
ly history was unremarkable, and her initial psychomotor devel-
opment was normal. She had an elongated face, bilateral facial 
paralysis, a high-arched palate, and winged scapula. A neurologi-
cal examination revealed proximal and axial muscle weakness 
with the Gower’s sign. The serum CK level was mildly increased 
(182 IU/L). Needle electromyography revealed generalized my-
opathy. Whole-body MRI showed that fatty replacement and 
muscle atrophy were predominantly observed in the paraspinal 
muscles, adductors, semitendinosus, semimembranosus, the 
long head of the biceps femoris, and the medial gastrocnemius 
muscles (Fig. 1B). Histopathological examination of the left bi-
ceps brachii revealed increased variations in muscle fiber sizes 
and multiple eccentric cores within the fibers (Fig. 1C). At the 
age of 33 years, she could walk independently for about 100 m 
and did not complain of respiratory difficulty. Targeted sequenc-
ing of 598 neuromuscular disorder genes identified a compound 
heterozygous variant (c.234delC + c.565C >  T) of SELENON. 

A 19-year-old boy (MF1481, II-2 in Fig. 1A) was born to 
healthy parents at 40 weeks of gestation, weighing 3.2 kg. He pre-
sented with motor developmental delay, having achieved head 
control at 8 months and autonomous gait at 20 months. At the 
age of 13 years, he suffered from acute respiratory failure, and 
had been wearing a non-invasive ventilator. One year later, the 
patient underwent corrective spinal fusion surgery at another 
hospital. He underwent muscle biopsies from the quadriceps 
and paraspinal muscles at the ages of 13 and 14 years, respective-
ly. Both muscle biopsy findings were recorded as nonspecific 
myopathic changes. When he visited our clinic at the age of 19 
years, he was able to walk independently for up to 5 m. A neuro-
logical examination revealed diffuse muscle weakness and 

marked neck flexor weakness. Laboratory findings showed that 
the serum CK level had increased to 555 IU/L. Needle electro-
myography revealed generalized myopathy. Targeted sequencing 
of 598 neuromuscular disorder genes identified a compound 
heterozygous variant (c.619delC + c.1574T >  G) of SELENON. 

A 13-year-old boy (MF1949, II-2 in Fig. 1A) visited our clinic 
with pulmonary insufficiency and proximal muscle weakness. 
His family history was unremarkable. At the age of 10 years, he 
noticed difficulty climbing stairs and running. At the age of 11 
years, he underwent general medical and orthopedic examina-
tions. The patient exhibited severe contractures of the neck ex-
tensors with spinal scoliosis, and demonstrated weakness of the 
axial and proximal muscles. The serum CK level was 100 IU/L, 
and electromyography revealed generalized myopathy. Accord-
ing to his medical records, cardiomegaly was observed on chest 
radiography and pericardial effusion on echocardiography. The 
electrocardiogram demonstrated a normal sinus rhythm. Be-
cause of proximal weakness, including neck contracture with car-
diac involvement, the patient was initially suspected of having 
Emery-Dreifuss muscular dystrophy. When he was 13 years old, 
he experienced acute respiratory distress requiring a tracheosto-
my with ventilator support. At the age of 21 years, he was able to 
walk up to 50 m with assistance and intermittent non-invasive 
ventilator use, especially at night. Targeted sequencing of 598 
neuromuscular disorder genes identified a homozygous variant 
(c.1574T >  G) of SELENON.  

Discussion 

We analyzed the genetic, clinical, and pathological spectra of 5 
Korean patients with SELENON-RM. The present study identi-
fied 5 pathogenic variants in 5 unrelated Korean patients. Four 
variants were classified as pathogenic according to the guidelines 
of the American College of Medical Genetics and Genomics and 
the Association for Molecular Pathology and have been previ-
ously reported [7,12,15]. 

SELENON is an endoplasmic reticulum (ER) protein that 
plays an important role in oxidative stress protection and re-
dox-related calcium homeostasis [8]. Although the precise 
pathogenic mechanism of SELENON-RM is not fully under-
stood, SELENON deficiency affects excitation-contraction cou-
pling in muscle [16], mitochondrial physiology, and energy me-
tabolism [8]. In addition, it has been reported that depletion of 
SELENON increases susceptibility to metabolic disorders, in-
cluding insulin resistance or lipotoxicity of saturated fatty acids, 
as a secondary change to ER stress [17]. Based on the patho-
physiology of SELENON-RM, it is necessary to evaluate the 
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changes in muscle mass and overall nutritional status as the dis-
ease progresses. 

In agreement with previous studies [6,7,14,18], we found that 
in most patients, the onset of clinical symptoms was in the first 
decade, except for one patient who developed symptoms at the 
age of 19 years. According to the largest cohort studies with 
SELENON-RM [7], the first signs were noticed before the age 
of 15 years in all patients, and the proportion of patients with 
symptom onset after the age of 8 years was approximately 8%. In 
addition, all 5 patients predominantly had proximal muscle 
weakness. The most common phenotype in our study was spinal 
scoliosis with respiratory distress, consistent with the commonly 
known features of SELENON-RM. However, there are several 
differences between this study and previous reports. First, limb 
joint contractures or hyperlaxity, as one of the main clinical fea-
tures, was not observed in our study. Second, the present study 
identified one patient who presented with a winged scapula with-
out any spinal deformity (MF1467). There are no previous reports 
that the winged scapula is associated with SELENON-RM. 
Winged scapula may appear, but it is considered pseudo-winging 
due to dorsal hyperlordosis associated with spinal scoliosis [7]. 
Third, cardiac involvement is not known to be a clinical manifes-
tation of SELENON-RM. If there is involvement, it is not as se-
vere as mild ventricular hypertrophy, or it develops secondary to 
respiratory insufficiency [6,18]. However, we found a patient 
with a phenotype predominantly characterized by cardiac abnor-
mality (MF1949). 

Whole-body muscle MRI in the MF1467 patient showed 
that fatty replacement was predominant in the paraspinal mus-
cles, adductor, semimembranosus, semitendinosus, long head 
of the biceps femoris, and medial gastrocnemius. These find-
ings are consistent with the previously reported MRI data 
[14,19]. These selective muscle involvements may depend on 
the clinical distribution of muscle weakness and the presence 
of scoliosis. 

Muscle pathology showed congenital fiber-type disproportion 
and multiple eccentric cores in MF27 and MF1467, respectively. 
These pathological findings are among the most common patho-
logical findings of SELENON-RM [7,8]. However, we found 
medical records of nonspecific myopathic features of muscle bi-
opsies in 2 patients (MF88 and MF1481) who underwent biop-
sies at other hospitals. 

Our study identified 5 different pathogenic variants in SELE-
NON. There were 3 frameshift variants (c.13_22dup, c.234del, 
and c.619delC), one nonsense variant (c.565C >  T), and one 
missense variant (c.1574T >  G). The most common variant was 
the c.1574T >  G variant, which was found in 5 alleles (50%). 

This variant is located in exon 12, which modifies the nonpolar 
amino acid methionine into the acidic amino acid arginine. It 
was first reported in Japan [10]. Subsequently, a pathogenic vari-
ant was identified in a few cases in Asia [11,15]. However, in a 
large, wide-ranging case series in European countries, the c. 
1574T >  G variant was found in only one of 132 patients. Ethnic 
variation in hotspots for SELENON or environmental factors 
may have contributed to these varied findings. 

We did not find a correlation between the genotype and phe-
notype in patients with SELENON-RM. It is difficult to estab-
lish a rare disease, and we lack patients with the same pathogenic 
variants. A previous study reported that some exon 1 variants, in-
cluding c.13_22dup, found in one of our patients (MF27), were 
associated with a severe phenotype [14]. Although this patient 
presented with clinical manifestations at the youngest age among 
our patients, it was not associated with disease severity. Null vari-
ants are usually correlated with a more severe phenotype than 
other types [14]. In our study, MF1467, with 2 null variants of 
SELENON (c.234del and c.565C >  T), showed the mildest 
phenotype without respiratory distress and scoliosis. We identi-
fied the c.1574T >  G missense mutation, which was the most 
common variant, in 5 alleles in 4 patients. 

Conclusion 

Our study represents the spectrum of clinical, pathological, 
and genetic findings in Korean SELENON-RM patients. We 
have outlined the clinical diagnostic clues of early axial and prox-
imal muscle weakness, spinal scoliosis, and respiratory failure in 
SELENON-RM. In addition, we also observed one patient with 
a mild phenotype, suggesting that there is inter-individual vari-
ability in SELENON-RM. In conclusion, diagnosing and verify-
ing the pathogenicity of genetic variants in SELENON-RM re-
quires a comprehensive approach that integrates clinical charac-
teristics, histological findings, muscle imaging, and genetic find-
ings. This study is the first in Korea to analyze the various clini-
copathological characteristics and genetic spectrum of SELE-
NON-RM, which will contribute to improving the diagnosis and 
management of this condition and increasing disease awareness 
and recognition of its specific clinical characteristics. 
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Introduction 

Varicella-zoster virus (VZV) infection is clinically common in 
otherwise healthy individuals and is characterized by skin rashes 
and neuropathic pain along the dermatome. After the first infec-
tion, the virus becomes latent in the ganglia and reactivates in an 
immunosuppressed state, causing neurological complications 
such as postherpetic neuralgia [1,2]. Complications involving 
the central nervous system such as encephalitis and myelitis, are 
relatively rare, especially in immunocompetent patients [3]. 
Here, we report a case of transverse myelitis after VZV infection 
in an immunocompetent patient. 

Herpes zoster is caused by reactivated varicella-zoster virus (VZV) and characterized by a painful 
skin rash with vesicles that affects the adjacent dermatomes. Transverse myelitis is a rare compli-
cation of VZV infection that may even occur in immunocompetent patients. Here, we report a 
60-year-old male patient admitted with right lower-extremity weakness and hypesthesia. Spine 
magnetic resonance imaging (MRI) revealed transverse myelitis at the C3–C4 and T6 levels. A 
month prior to admission, the patient was diagnosed with herpes zoster involving the right T2-
T4 dermatome. Considering his history of VZV infection, he was treated with intravenous ste-
roids and acyclovir. Eleven days after hospitalization, paraplegia developed to Medical Research 
Council grade 0/5 despite performing plasmapheresis. MRI confirmed the aggravation of the 
cord lesion between T4 and T7. Acute transverse myelitis after VZV infection is a rare disease 
that can cause serious sequelae in immunocompetent patients. Therefore, clinicians should be 
cautious of this situation. 
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Acute Transverse Myelitis after Varicella-Zoster Virus Infection in 
an Immunocompetent Patient: A Case Report 
Je Hyun Yoo, Hwi Jung Kim, Ki Deok Park, Ju Kang Lee, Oh Kyung Lim 

Department of Rehabilitation Medicine, Gachon University Gil Medical Center, Incheon, Korea 

Case Report 

This study was conducted with informed consents of the pa-
tient. 

A 60-year-old male patient was admitted to our hospital with 
motor weakness and sensory dysfunction of the right lower ex-
tremity. On admission, his vital signs were stable, and he showed 
normal cranial nerve and cerebellar function. The muscle 
strength of the upper and left lower extremities was normal, but 
that of the right lower limb decreased to Medical Research 
Council (MRC) grade 4/5. Sensation in his right lower extremi-
ty also decreased. Despite the motor weakness and sensory dys-
function, he was able to walk independently. Deep tendon reflex-
es (DTRs) were normal in both upper extremities, but were in-
creased in both the knees and ankles. The Babinski sign was ob-
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served on both sides, and the Hoffman sign was observed on the 
right upper limb.  

Magnetic resonance imaging (MRI) indicated nodular en-
hancement of the spinal cord at the right C3–C4 level (Fig. 1) 
and hyperintensity of the spinal cord at T6 on T2-weighted im-
aging (Fig. 2). No other specific brain lesion was observed on 
brain MRI. 

The laboratory findings for complete blood cell count, liver 
function, kidney function, infection markers, and urine analysis 

were normal. A cerebrospinal fluid (CSF) study showed an in-
crease in protein (36 mg/dL) and myelin basic protein (4.8 μg/
L) levels with an opening pressure of 18 cmH2O. All bacterial an-
tigens, polymerase chain reaction (PCR) tests, culture studies, 
and antigen tests, including VZV, were negative (Table 1). All au-
toimmune antibody tests performed to exclude autoimmune 
myelitis were also negative (Table 2). 

A month prior to admission, the patient had a painful ery-
thematous vesicle on the right T2–T4 dermatome. He was diag-
nosed with VZV infection of the right T2–T4 dermatome based 
on clinical symptoms and treated with oral valacyclovir (1,000 
mg) for 7 days. After 5 days of valacyclovir administration, the 
vesicles and pain improved. However, erythematous skin lesions 
persisted for more than 1 month until his hospitalization for mo-
tor weakness and sensory dysfunction. Upon admission, an ery-
thematous skin lesion measuring 4 to 5 cm was observed on the 
right T2–T4 dermatome. 

Considering the history of VZV infection, we diagnosed the 
patient with acute transverse myelitis (ATM) caused by VZV 
and started acyclovir (2,100 mg/day) for 14 days, along with ste-
roid pulse therapy (intravenous methylprednisolone [1,000 mg] 
for 5 days and oral prednisolone 300 mg for 5 days, tapered for 4 
days). 

On the second day of hospitalization, a somatosensory poten-
tial (SEP) test was performed. The SEPs of the left median nerve 
and bilateral tibial nerves were normal. However, the SEP of the 
right median nerve had decreased by more than half compared 
with that on the left side. 

Fig. 1. Image showing the nodular enhancement of right C3-C4 
level (arrow) on axial T2 weighted magnetic resonance imaging.

Fig. 2. (A) Image showing high signal intensity between C3 and C4 level (arrows) at day 2 on T2 weight magnetic resonance imaging (MRI). 
(B) Image showing high signal intensity on T6 level at day 2 on T2 weight MRI. 
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On the third day of hospitalization, the patient complained of 
voiding difficulty. A Foley catheter was inserted, and 950 mL of 
urine was drained. His lower extremity muscle strength started 

to deteriorate gradually. On the seventh day of hospitalization, 
the muscle strength of the lower extremities decreased to MRC 
grade 2/5. The patient complained of decreased sensation of the 
C3–C4 dermatomes of the right upper extremity, and no sensa-
tion was felt at the dermatome lower than the T6 level. Cervical 
and thoracic spine MRI, which was performed on the 10th day 
of hospitalization, confirmed the aggravation of the cord lesion 
between T4 and T7 (Fig. 3). Nevertheless, the muscle weakness 
of the lower extremities worsened to MRC grade 0/5, although 
plasmapheresis was performed. The patient lost perianal sensa-
tion and voluntary contraction of the anal sphincter, and the 
DTRs of the lower extremities disappeared on the 11th day of 
hospitalization. Upper and lower extremity nerve conduction 
studies performed on the 13th day of hospitalization were nor-
mal. However, needle electromyography (EMG) showed in-
creased insertional activity and positive sharp waves on both 
sides of the gastrocnemius, tibialis anterior, peroneus longus, 
vastus medialis, tensor fasciae latae, and thoracic paraspinal mus-
cles, which were compatible with complete thoracic cord lesions 
[4]. There were no abnormal findings in the muscles of the right 
upper extremity, such as the biceps, abductor pollicis brevis, and 
first dorsal interosseous muscle. 

After progressing to complete paraplegia, additional plasma-
pheresis was performed seven times with steroid therapy. How-
ever, there was no recovery of motor or sensory function. Motor 
evoked potential (MEP) and SEP tests were performed to pre-
dict the prognosis. The MEP and SEP tests of the lower extremi-
ties performed on the 52nd day of hospitalization showed no re-
sponse (Tables 3, 4), although those of the upper extremities 
were normal. At that time, the DTRs of both lower extremities 
showed hyperreflexia, whereas the upper extremity showed nor-
moreflexia. 

After 1 year, the patient revisited the outpatient clinic for an 
evaluation of his disability grade. The muscle strength of the low-
er extremities remained at MRC grade 0/5, and follow-up MEP 
and SEP tests of the lower extremities still showed no response 
(Tables 3, 4).  

Discussion 

Although VZV infection is common, transverse myelitis 
caused by VZV is rare, particularly in immunocompetent pa-
tients. The pathophysiology of transverse myelitis due to viral in-
fection is known to involve systemic reactions post-infection and 
the direct invasion of the virus [5,6]. However, the VZV PCR 
test of CSF is negative in most cases, and the diagnosis is made 
according to history of viral infection and clinical features [2]. 

Table 1. Culture Study, Bacterial and Viral Polymerase Chain Reac-
tion Study and Antibody Test for Cerebrospinal Fluid

Parameter Result (normal value)
Varicella-zoster virus culture No virus isolated.
Cytomegalovirus culture No virus isolated.
HSV culture No virus isolated
Fungus culture No growth
Cryptococcus antigen Negative
Herpes IgM Negative
Streptococcus pneumoniae Negative
HIB Negative
Neisseria meningitidis Negative
Group B Streptococcus Negative
Listeria monocytogenes Negative
Epstein-Barr virus Negative
Human herpes virus-8 Negative
Human herpes virus-6 Negative
Varicella-zoster virus Negative
Cytomegalovirus Negative
Enterovirus Negative
Mumps virus Negative
HSV type 1 Negative
HSV type 2 Negative
Tuberculosis Negative

HSV, herpes simplex virus; HIB, Haemophilus influenzae type B.

Table 2. Autoimmune Antibody Study

Parameter Result
Anti SS-A/Ro Ab Negative
Anti SS-B/La Ab Negative
Anti Nuclear Ab Negative
ASCA Negative
ANCA Negative
CH50 (U/mL) 54 (32-58)*
Anti ds-DNA Ab IgG Negative
Anti ds-DNA Ab IgM Negative
Anti Cardiolipin IgA Negative
Anti Cardiolipin IgM Negative
Anti B2 GPI IgG Negative
Anti Mitochondrial Ab Negative
Anti Cardiolipin IgG Negative
Anti CCP Ab (U/mL) <  0.5 (0-5)*
Lupus anticoagulant Negative

ASCA, Anti-Saccaromyces cerevisiae antibodies; ANCA, anti-neurophil 
cytoplasmic antibody.
*Abnormal values are represented. 
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Likewise, in our case, all viral PCR, culture, and antigen tests 
were negative in the CSF study, and the diagnosis was made con-
sidering the patient’s history of VZV infection and clinical pre-
sentation. 

Steroid pulse therapy is the primary treatment option for 
ATM. In addition, antiviral agents may improve the prognosis of 
transverse myelitis caused by viral infection. If severe motor 
weakness is present, plasmapheresis can be performed, along 
with steroid pulse therapy [7]. Cyclophosphamide is also an op-
tion for patients with acute exacerbations [8]. In this case, steroid 
pulse therapy was administered along with an antiviral agent, but 
the patient showed no symptom improvement. Cyclophospha-
mide was not administered in our case, but it could be consid-
ered as a treatment option in the future if a patient shows deteri-

Fig. 3. (A) Image showing high signal intensity between C3 and C4 level (arrow) at day 10 on T2 weight magnetic resonance imaging (MRI). 
(B) Image showing aggravation of lesion between T4 and T7 (arrow) at day 10 on T2 weighted MRI. 

Table 3. Results of the Motor Evoked Potential Study

Nerve
Day 52 After 1 year

Latency (ms) Amplitude (mV) Latency (ms) Amplitude (mV)
Abductor pollicis brevis right/left
 100% 22.60/21.46 5.6/6.5 20.99/19.17 9.9/8.4
 90% 23.44/23.33 5.4/5.5 21.41/20.42 8.8/7.1
 80% 24.27/23.54 5.1/4.6 21.46/21.15 7.8/5.4
 70% 25.42/24.27 1.9/1.1 22.08/22.08 1.0/1.1
 60% 25.38/24.90 0.2/0.1 23.18/23.21 0.1/0.1
 50% NR/NR NR/NR NR/NR NR/NR
Abductor hallucis right/left
 100% NR/NR NR/NR NR/NR NR/NR

NR, no response.

Table 4. Results of the Motor Evoked Potential Study

Nerve Day 5 Day52 After 1 year
Median right/left
 N20 (ms) 20.20/19.00 21.77/19.22 21.04/20.10
 P25 (ms) 23.34/26.45 28.23/25.26 26.51/26.15
 Amplitude (µV) 2.21/0.64* 3.3/4.4 4.5/3.4
Tibial right/left
 P37 (ms) 40.6/41.1 NR/NR NR/NR
 N45 (ms) 45.98/49.91 NR/NR NR/NR
 P60 (ms) 56.61/59.84 NR/NR NR/NR

NR, no response.
*Abnormal values are represented.
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oration during conventional steroid pulse and antiviral treat-
ments. Aggravation of the lesion was confirmed on MRI, and 
dysuria and lower extremity muscle weakness continued to 
worsen despite steroid and antiviral treatments. We confirmed 
complete thoracic cord lesions by a nerve conduction study, 
EMG, and motor- and sensory-evoked potential tests. 

In a previous case report, myelitis caused by viral infections in 
immunocompetent patients showed a good response to steroid 
treatment and a good prognosis [2,9]. However, in our case, the 
patient had a poor prognosis, with complete paraplegia. Defini-
tive prognostic factors for ATM remain unclear, but a poor prog-
nosis is associated with complete paraplegia, rapid disease pro-
gression, and abnormal SEP findings [10,11]. Necrosis of the 
motor tract and sensory tract of spinal cord also has a poor prog-
nosis. In contrast, edema and demyelination of the spinal cord 
tend to resolve quickly and show a better prognosis than necro-
sis. If more than 6 months have elapsed since onset, EMG can be 
used to distinguish between necrosis and edema or demyelin-
ation. Therefore, the severity of weakness and abnormal sponta-
neous activity on EMG is the most specific prognostic factor if 
more than 6 months have elapsed since onset. However, in the 
early stage, where denervation has not progressed, it is difficult 
to differentiate between necrosis, edema, and demyelination us-
ing EMG. In this situation, MEP and SEP tests could be helpful 
[12]. 

In our case, we performed MEP and SEP tests to predict the 
prognosis on the 52nd day of hospitalization. No response was 
observed in the MEP and SEP tests performed on the lower ex-
tremities. There was also no recovery of motor or sensory func-
tion after 1 year. Although the MEP and SEP tests performed on 
the upper extremity were normal on the 52nd day of hospitaliza-

tion, the patient complained of sensory dysfunction in the right 
upper extremity. After 1 year, the function of the upper extremity 
had fully recovered, possibly in response to the treatment of 
transverse myelitis with steroids and antiviral agents. However, 
thoracic lesions were present. 

Furthermore, the symptoms worsened rapidly even with ste-
roids and antiviral drugs. This could have been the natural course 
of the disease, but it is also possible that the lesions were exacer-
bated by the steroid treatment. Spinal dural arteriovenous fistula 
(SDAVF) is a rare cause of transverse myelitis. In cases of 
SDAVF-induced transverse myelitis, symptoms may be exacer-
bated by steroid treatment and lumbar puncture [13,14]. We di-
agnosed VZV-induced ATM with a history of VZV infection and 
myelopathy at a level similar to that of the dermatome, where the 
zoster was present. However, it was not possible to confirm the 
diagnosis because the VZV PCR test and CSF culture were nega-
tive. The possibility of SDAVF cannot be completely disregarded 
because thoracic MRI showed the enlargement of spinal blood 
vessels at the T4–T7 level (Fig. 4) and the exacerbation of lesions 
after steroid pulse therapy. However, we could not identify spe-
cific findings of SDAVF on MRI, such as prominent serpiginous 
intradural extramedullary flow voids. Magnetic resonance angi-
ography and spinal angiography could have been helpful for the 
diagnosis, but they were not performed.  

Even in patients with normal immunity, ATM can occur due 
to VZV and result in a poor prognosis, such as complete paraple-
gia. Therefore, an active intervention should be considered in the 
presence of poor prognostic factors such as abnormal MEP and 
SEP. Myelitis due to SDAVF should also be considered prior to 
steroid pulse therapy, and any aggravation of symptoms should 
be noted. 

Fig. 4. Image showing the enlargement of perimedullary vessels (arrows) at day 10 on T2 weighted magnetic resonance imaging.
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Rectus sheath hematoma (RSH) in patients who have undergone video-assisted thoracoscopic 
surgery (VATS) has not been reported to date. This report describes a case of RSH in a patient 
with right abdominal muscle atrophy due to an intercostal nerve injury following VATS. A 
61-year-old male patient complained of a bulge in the right upper abdominal quadrant after un-
dergoing VATS. Computed tomography (CT) revealed atrophied right abdominal muscles, in-
cluding the rectus abdominis, and the electrodiagnostic findings were compatible with right 8th 
and 9th intercostal neuropathy. The patient visited the emergency room 444 days after undergo-
ing VATS, complaining of a left abdominal mass and pain. He had a severe cough 2 weeks prior 
due to underlying asthma. CT revealed an RSH in the left abdomen that shrank after 4 weeks of 
observation. In cases of abdominal muscle weakness due to intercostal neuropathy following 
VATS, the precipitating factors for RSH must be managed thoroughly. 
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Introduction 

Sensory abnormalities are generally the primary symptoms of 
intercostal nerve injury due to thoracic surgery and usually re-
solve within a few months [1]. Video-assisted thoracoscopic sur-
gery (VATS) has a lower incidence of intercostal nerve injury 
than conventional thoracotomy [2]. In extremely rare cases, per-
manent paralysis of the rectus abdominis (RA) can occur due to 
intercostal neuropathy after VATS [1,3]. 

Rectus sheath hematoma (RSH) is an acute or chronic accu-
mulation of blood in the sheath of the RA or within the muscle 
due to the rupture of an epigastric vessel or muscle. Precipitating 
factors for the formation of RSH include coagulation abnormali-
ties, trauma, hypertension, pregnancy, and actions that increase 
intra-abdominal pressure (e.g., coughing, sneezing, vomiting, 

defecation, or urination) [4]. In cases of delayed RSH diagnosis, 
unnecessary invasive diagnostic studies or surgery may be per-
formed, and severe bleeding may cause hypotension and even 
death [5]. 

To our knowledge, no cases of RSH after abdominal muscle 
atrophy due to VATS have been reported to date. Therefore, we 
present a case of RSH that spontaneously occurred in the contra-
lateral abdomen of a patient who presented with symptoms of 
right abdominal muscle atrophy and pseudohernia due to inter-
costal neuropathy following VATS. 

Case Report 

A 61-year-old male patient underwent VATS for a solitary pul-
monary nodule biopsy of the right lung. VATS was performed 
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with the three-port technique. The port insertion sites were in 
the right sixth intercostal space (ICS) along the posterior axillary 
line, the 8th ICS along the mid-axillary line, and 9th ICS along 
the posterior scapular line (Fig. 1A). On the first day after sur-
gery, the patient complained of severe pain and a bulge in the 
right upper quadrant of the abdomen. The pain partially im-
proved thereafter; however, the bulge did not, and the patient 
was discharged 1 week later. The bulge was still present at the pa-
tient’s hospital visit on the 38th day after VATS (Fig. 1A, B). It 
was not visible in the supine position, but protruded when the 
patient was sitting or standing. The patient also complained of 
hypoesthesia and pain in the right abdomen ranging from the 
xiphoid process to the umbilical level. Abdominopelvic comput-

ed tomography (CT) revealed atrophy of the right abdominal 
muscle, including the RA, from the level of the 9th thoracic ver-
tebra (T9) to the first lumbar vertebra (L1), and no specific mass 
was observed in the muscle or subcutaneous layer (Fig. 2A). 

A nerve conduction study performed 166 days after VATS re-
vealed that compound muscle action potentials were absent in 
the right 8th and 9th intercostal nerves. In cases of intercostal 
neuropathy, there are no standardized electrodiagnostic studies 
other than needle electromyography; therefore, the examination 
was conducted using the method introduced by Pradhan and 
Taly [6]. Abnormal spontaneous activities of fibrillation poten-
tial and positive sharp waves were observed on needle electromy-
ography at the supraumbilical level of the RA. The electrodiag-

Fig. 1. Photograph of the patient. The photograph shows the video-assisted thoracoscopic surgery (VATS) port insertion site (arrows) (A) 
and abdominal bulge (open arrows) in the right upper quadrant (A, B) on the 38th day after VATS. The port insertion sites were in the 
right sixth intercostal space (ICS) along the posterior axillary line, the 8th ICS along the mid-axillary line, and the 9th ICS in the posterior 
scapular line (A). The abdominal bulge had not changed after 1 month of electrical stimulation therapy on the 185th day after VATS (C). 
We received the patient’s consent form about publishing all photographic materials.
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Fig. 2. Abdominal computed tomography (CT) findings of the patient on the 38th day (A), 444th day (B), and 468th day (C) after vid-
eo-assisted thoracoscopic surgery. CT revealed atrophied abdominal muscles (arrows) in the right upper quadrant (A-C) and rectus sheath 
hematoma (open arrows) in the left upper quadrant (B) at the level of the 11th thoracic vertebra (T11). The size of the hematoma de-
creased 24 days later (C).
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nostic findings observed in the patient were compatible with 
right 8th and 9th intercostal neuropathy (Tables 1, 2). 

Subsequently, electrical stimulation therapy (EST) was ap-
plied primarily to the right RA for 1 month. A study conducted 
by Lalingkar et al. [7] indicated that performing EST on the RA 
is beneficial in patients with RA muscle diastasis. EST was deliv-
ered at the following settings: frequency, 45 Hz; current, 45 mA; 
rise time, 1 second; stimulus time, 3 seconds; decay time, 1 sec-
ond; and relaxation time, 10 seconds. The intervention was con-
ducted for 30 minutes per day, three times a week, for 4 weeks in 
total. Abdominal muscle atrophy did not improve even after EST, 
and the patient was lost to outpatient follow-up. 

On the 444th day after VATS, the patient visited the emergen-
cy room complaining of a left abdominal mass and severe ab-
dominal pain. He had been diagnosed with asthma approximate-
ly 20 years ago and was on inhaled corticosteroids. His asthma 
symptoms were usually well controlled, but he had had a severe 
cough 2 weeks previously. At the time of the patient’s hospital 
visit, his vital signs were within the normal range and the cough 
had improved. His laboratory test results were as follows: hemo-
globin, 14.6 g/dL; leukocytes, 7,470/mm3; platelets, 150,000/
mm3; activated partial thromboplastin time, 26.5 seconds; pro-
thrombin time, 10.6 seconds; and international normalized ratio, 
0.92. The values were within normal ranges. 

Abdominopelvic CT revealed an RSH measuring 80 ×  27 ×  
60 mm in the left abdomen at the le vel of the 11th and 12th tho-
racic vertebrae (T11 and T12) (Fig. 2B). The medical staff rec-
ommended hospitalization; however, the patient refused and was 

discharged. He visited an outpatient clinic after taking tranexam-
ic acid and acetaminophen for 3 days, and he decided to receive 
follow-up after 4 weeks without additional treatment after con-
sulting with his doctor in charge. CT performed 24 days later re-
vealed that the size of the RSH had decreased to 30 ×  7 ×  26 
mm (Fig. 2C). However, the atrophy of the right abdominal mus-
cles had not changed (Fig. 2B, C). Subsequently, the patient did 
not visit the hospital again, and long-term follow-up was not pos-
sible. 

Discussion 

In this article, we report a case of intercostal neuropathy 
through an electrodiagnostic study in a patient who showed 
symptoms of abdominal muscle atrophy and pseudohernia after 
VATS; the patient later developed an RSH. The abdominal mus-
cle atrophy did not improve, but the RSH improved after 4 
weeks of follow-up with no further treatment. Cases of abdomi-
nal muscle atrophy due to intercostal neuropathy following 
VATS are very rare [3]. Additionally, no cases of RSH after ab-
dominal muscle atrophy due to intercostal neuropathy have been 
reported to our knowledge. 

Although RA rupture during severe coughing or increased ab-
dominal pressure has frequently been reported, most of these 
cases have occurred in patients taking anticoagulants [8]. In the 
present case, no anticoagulants were administered and no obvi-
ous hemodynamic abnormalities were found in the results of the 
laboratory tests performed at the time of admission to the emer-

Table 1. Results of the Intercostal Nerve Conduction Study

Side Stimulation site (intercostal space) Recording site of the RA Latency (ms) Amplitude (mV)
Right 7th 0–1 cm above the level of the xiphoid process 4.10 2.3

8th 1–3 cm below the level of the xiphoid process NR NR
9th 2–5 cm above the level of the umbilicus NR NR
10th 1 cm above to 4 cm below the level of the umbilicus 6.70 0.7

Left 7th 0–1 cm above the level of the xiphoid process 3.60 2.5
8th 1–3 cm below the level of the xiphoid process 4.05 1.3
9th 2–5 cm above the level of the umbilicus 4.70 1.0
10th 1 cm above to 4 cm below the level of the umbilicus 6.40 0.7

RA, rectus abdominis; NR, no response.

Table 2. Results of Needle Electromyography

Muscle IA
Spontaneous activities MUAPs

Interference pattern
Fibrillation PSW Amplitude Duration Polyphasia

Right rectus abdominis (upper) Increased 1+ 1+ Large Long Present Single
Right rectus abdominis (middle) Increased 2+ 2+ Large Long Present Discrete

IA, insertional activity; PSW, positive sharp wave; MUAP, motor unit action potential.
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gency room. We did not identify any other factors that could in-
duce RSH, except for coughing caused by underlying asthma. 
Therefore, it is likely that the RA muscle contracted excessively 
due to severe coughing caused by underlying asthma, thereby 
damaging the RA and causing RSH [9]. 

According to a study by Bolser et al. [10], coughing is a defen-
sive reflex characterized by coordinated bursts of activity in the 
inspiratory and expiratory muscles. Additionally, the anterolater-
al abdominal muscles (RA, external oblique, internal oblique, 
and transversus abdominis) act as a unit. However, coordination 
was impaired in this patient due to atrophy of the right abdomi-
nal muscle, and greater pressure was applied to the left abdomi-
nal muscle to create abdominal pressure for coughing, which is 
presumed to have affected RSH formation. However, as men-
tioned in the study by Lee et al. [5], since RSH can occur, albeit 
rarely, as a result of severe coughing due to underlying asthma, 
the possibility that RSH occurred independently without the in-
fluence of the contralateral intercostal neuropathy cannot be ex-
cluded. 

In most cases, conservative treatment, such as rest, analgesic 
therapy, fluid resuscitation, and anticoagulation reversal, is ap-
propriate for RSH treatment; however, transfusion, angioembo-
lization, and surgical intervention should be considered if neces-
sary [9]. If asthma is a precipitating factor, the general manage-
ment of bronchospasm, including the appropriate use of cortico-
steroid medications, should be performed [5]. In the present 
case, the patient did not receive anticoagulants. The patient re-
fused hospitalization, and the hematoma shrank after 24 days, 
even though no additional treatment was administered. Addi-
tionally, long-term follow-up was not possible. Nevertheless, this 
case report is meaningful in that it reports a rare clinical condi-
tion and emphasizes the need for thorough management of the 
precipitating factors of RSH in similar situations. 

In summary, if the abdominal muscles are paralyzed because of 
intercostal neuropathy caused by VATS, RSH may occur due to 
RA damage. Therefore, in similar cases, the precipitating factors 
of RSH, such as respiratory diseases, must be managed thor-
oughly. 

Conflict of Interest 

No potential conflict of interest relevant to this article was re-
ported. 

ORCID 

Minsu Gu, https://orcid.org/0000-0002-1098-7043 
Min Woo Oh, https://orcid.org/0000-0002-5922-4135 
Han Tae Kim, https://orcid.org/0000-0001-8616-1937 
Hyun-Ho Kong, https://orcid.org/0000-0002-0558-3693 

References 

1. Cho HM, Sim HJ, Kim DH, Lim MH, Lee SK: Paralysis of the rec-
tus abdominis muscle after a video-assisted thoracoscopic surgery. 
Ann Thorac Cardiovasc Surg 2018;24:40–42. 

2. Miyazaki T, Sakai T, Tsuchiya T, Yamasaki N, Tagawa T, Mine M, et 
al: Assessment and follow-up of intercostal nerve damage after vid-
eo-assisted thoracic surgery. Eur J Cardiothorac Surg 2011;39: 
1033–1039. 

3. Wildemeersch D, Yogeswaran SK, Vyncke G, Meeus I, Wielandt T, 
Hans G, et al: Upper rectus abdominis paralysis after robot-assisted 
thoracic oncology surgery with cryoanalgesia: a rare complication. 
JTCVS Tech 2021;10:534–537. 

4. Sogut O, Ozgonul A, Solduk L, Kose R: Rectus sheath hemato-
ma induced by vigorous cough attacks. Am J Case Rep 2010; 
11:90–92. 

5. Lee TM, Greenberger PA, Nahrwold DL, Patterson R: Rectus 
sheath hematoma complicating an exacerbation of asthma. J Aller-
gy Clin Immunol 1986;78:290–292. 

6. Pradhan S, Taly A: Intercostal nerve conduction study in man. J 
Neurol Neurosurg Psychiatry 1989;52:763–766.  

7. Lalingkar RA, Gosavi PM, Jagtap VK, Yadav TS: Effect of elec-
trical stimulation followed by exercises in postnatal diastasis 
recti abdominis. Int J Health Sci Res 2019;9:88–92. 

8. DeLaurentis DA, Rosemond GP: Hematoma of the rectus abdom-
inis muscle complicated by anticoagulation therapy. Am J Surg 
1966;112:859–863. 

9. Ben Selma A, Genese T: Spontaneous rectus sheath hematoma: an 
uncommon cause of acute abdominal pain. Am J Case Rep 2019; 
20:163–166. 

10. Bolser DC, Reier PJ, Davenport PW: Responses of the anterolater-
al abdominal muscles during cough and expiratory threshold load-
ing in the cat. J Appl Physiol (1985) 2000;88:1207–1214. 

J Electrodiagn Neuromuscul Dis 2022;24(2):38-41

https://doi.org/10.18214/jend.2022.00038 41

https://doi.org/10.5761/atcs.cr.17-00103
https://doi.org/10.5761/atcs.cr.17-00103
https://doi.org/10.5761/atcs.cr.17-00103
https://doi.org/10.1016/j.ejcts.2010.10.015
https://doi.org/10.1016/j.ejcts.2010.10.015
https://doi.org/10.1016/j.ejcts.2010.10.015
https://doi.org/10.1016/j.ejcts.2010.10.015
https://doi.org/10.1016/j.xjtc.2021.09.028
https://doi.org/10.1016/j.xjtc.2021.09.028
https://doi.org/10.1016/j.xjtc.2021.09.028
https://doi.org/10.1016/j.xjtc.2021.09.028
https://doi.org/10.1016/s0091-6749(86)80078-1
https://doi.org/10.1016/s0091-6749(86)80078-1
https://doi.org/10.1016/s0091-6749(86)80078-1
https://doi.org/10.1136/jnnp.52.6.763
https://doi.org/10.1136/jnnp.52.6.763
https://doi.org/10.1016/0002-9610(66)90139-5
https://doi.org/10.1016/0002-9610(66)90139-5
https://doi.org/10.1016/0002-9610(66)90139-5
https://doi.org/10.12659/ajcr.913246
https://doi.org/10.12659/ajcr.913246
https://doi.org/10.12659/ajcr.913246
https://doi.org/10.1152/jappl.2000.88.4.1207
https://doi.org/10.1152/jappl.2000.88.4.1207
https://doi.org/10.1152/jappl.2000.88.4.1207


In this report, we present the case of a patient with cervical adenocarcinoma with progressive 
right lower-extremity pain and weakness. Electromyography of the lower extremities and subse-
quent ultrasonographic imaging complementarily demonstrated findings considered suspicious 
for the perineural spread of malignancy to the lumbosacral plexus and sciatic nerve. This possi-
bility was confirmed by magnetic resonance imaging (MRI) and fluorodeoxyglucose positron 
emission tomography/computed tomography (FDG PET/CT) scanning. This case report sug-
gests that in addition to MRI and FDG PET/CT scans, electromyography and ultrasonographic 
imaging are valuable modalities for the diagnosis of perineural malignancy. 

Keywords: Lumbosacral plexus; Electromyography; Ultrasonography  
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Introduction 

Although the morbidity of cancer is increasing, its involvement 
in the peripheral nervous system is relatively uncommon. In par-
ticular, neoplastic lumbosacral plexopathy (NLP), which typical-
ly manifests as painful neuropathy, is a rare complication that is 
generally associated with prostate cancer. 

According to a previous study, the frequency of cancer metas-
tasis to the lumbosacral plexus is 0.71% [1]. Another research re-
ported the incidence of histologically confirmed parametrial 
perineural invasion as 7.53% in early-stage cervical cancer pa-
tients and that of perineural invasion as 12.5% in the cervical 
stroma [2,3]. The prevalence of NLP may have been underesti-
mated in previous studies. Therefore, a thorough investigation of 
metastatic neural invasion is needed. 

Computed tomography (CT) or magnetic resonance imaging 
(MRI) scans are commonly considered as the initial modalities 
to diagnose NLP [4]. However, these modalities are expensive, 
and the radiation exposure during CT scans cannot be ignored. 
In this report, we discuss the case of a patient who was diagnosed 

with NLP and suggest electromyography (EMG) and ultraso-
nography as cost-effective and less invasive tools for the early di-
agnosis of NLP. 

Case Report 

A 40-year-old female patient complained of rapidly progressive 
right lower-extremity pain and weakness that had developed over 
approximately 5 months. Although the patient had been diag-
nosed with micro-invasive cervical squamous cell carcinoma 1.5 
years previously, she declined further examinations and appro-
priate treatment, such as chemoradiation therapy. Approximately 
1 year after the initial diagnosis, the patient started to experience 
pain, hypoesthesia, and weakness in the right hip and leg. She 
chose alternative medicine preferentially and received honey bee 
venom needle therapy for 6 months. However, the symptoms 
were not relieved; thus, the patient visited a pain clinic and was 
diagnosed with lumbar disc herniation based on MRI and un-
derwent disc decompression and percutaneous epidural neuro-
plasty with ballooning; however, this did not alleviate her pain. 
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Finally, she experienced right foot drop and visited our clinic for 
an examination. 

The initial physical examination revealed that motor function 
was 0 in both flexors and extensors of the right ankle and toes 
and poor in the knee flexors and the hip extensors. Motor 
strength was normal in the other limbs. Hypoesthesia was ob-
served from the right posterior and medial leg to the foot. Vibra-
tion sensation and joint positioning of the right toes were dimin-
ished. The right ankle reflex was absent. Upper motor neuron 
signs, including the Babinski sign, were not evident. The patient 

did not have any urinary or bowel symptoms. 
An electrophysiological study suggested severe right multiple 

lumbosacral radiculoplexopathy from the L5–S4 roots with con-
siderable involvement of the sciatic nerve (Table 1). Nerve con-
duction studies demonstrated the absence of a motor response 
from the peroneal and tibial nerves and the absence of a sensory 
response from the sural nerve in the right lower limb. 

On ultrasonography, a remarkably enlarged right sciatic nerve 
was identified from the gluteal fold to the thigh (Fig. 1A, B). MRI 
of the pelvis revealed enlargement of the right lower lumbosacral 

Table 1. Needle Electromyography in Right Lower Extremity

Muscle Insertion activity Abnormal spontaneous
activity

Motor unit action potentials
Recruitment

Polyphasic Amplitude Duration
Right
 Iliopsoas Normal -  Normal Normal Normal Complete
 Vastus lateralis Normal - Normal Normal Normal Complete
 Tibialis anterior Increased F&P(+) No MUAP
 Peroneus longus Increased F&P(++) No MUAP
 Gastrocnemius medial head Increased F&P(++) No MUAP
 Flexor digitorum longus Increased F&P(++) No MUAP
 Flexor hallucis brevis Increased F&P(+) No MUAP
 Tensor fascia lata Increased F&P(+) Inc. polys Reduced
 Gluteus maximus F&P(+) Single
 Semitendinosus F&P(++) Inc. polys Reduced
 External anal sphincter CRD Inc. polys Reduced
 L4/5, L5/S1 PVMs Increased -
 S1/2, S2/3 PVMs Normal -

F&P, fibrillation potentials and positive sharp waves; MUAP, motor unit action potential; Inc., increased; polys, polyphasic motor units; CRD, complex 
repetitive discharges; PVM, paravertebral muscle; -, electrodiagnostic test showing right severe right multiple lumbosacral plexopathy from L5 root to S4 
root with severe involvement of the sciatic nerve.

Fig. 1. (A, B) Cross-sectional ultrasonographic image of bilateral sciatic nerve. The area of the sciatic nerve is significantly larger on the 
right-side (B) than on the left-side (A). C1, C2, circumferences of the sciatic nerve; A1, A2, areas of the sciatic nerve. (C) Magnetic reso-
nance imaging (MRI), (D) Fluorodeoxyglucose positron emission tomography/computed tomography (FDG PET/CT) images of sciatic nerve. 
(C) The right lumbosacral plexus (yellow arrow) is remarkably enlarged with a low-signal mass in MRI. (D) Linearly increased FDG uptake 
(black arrow) is found in the right pelvis on PET/CT.
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plexus from the L5–S3 nerve roots to the right sciatic nerve (Fig. 
1C). A subsequent fluorodeoxyglucose positron emission to-
mography/CT (FDG PET/CT) scan demonstrated linear asym-
metric hypermetabolic activity in the right pelvis, compatible 
with swelling of the lumbosacral plexus identified on MRI (Fig. 
1D). These findings suggested neural metastases from the L5–S3 
nerve roots along the right sciatic nerve. 

The patient was clinically diagnosed with stage III C1 cervical 
cancer (5.4 cm ×  5.7 cm ×  6.3 cm) with invasion of the right 
pelvic wall and multiple lymph node metastases. She started con-
current chemoradiation therapy (CCRT) using a cisplatin and 
5-fluorouracil regimen and external beam radiation of 63.7 Gy. 
After completion of 3 cycles of CCRT, the cancer showed partial 
regression on MRI, and the motor function in the right knee flex-
ors and hip extensors improved from poor to good. However, the 
foot drop did not show significant improvement. 

In a follow-up EMG study, decreased insertional activities with 
no motor unit action potential were noted in the right tibialis an-
terior, peroneus longus, gastrocnemius medial head, biceps fem-
oris short head, and tensor fascia lata muscles, and there was no 
significant interval change. 

Discussion 

NLP results from the direct neural invasion of tumors or other 
metastatic diseases. Based on previous studies, the perineural 
spread of malignancy progresses through the direct infiltration of 
the perineural space, instead of via lymphatics. Pelvic malignan-
cies, such as uterine, prostate, and rectal cancers, are common 
causes of NLP. Local perineural invasion can also occur in pa-
tients with cervical cancer and has a poor prognosis. Invasion of 
cervical adenocarcinoma and cervical epidermoid cancer to the 
sacral nerve roots occurs by a mechanism similar to that of pros-
tate cancer spreading to the sciatic nerve [5]. 

The innervation of the uterus and the cervix has been defined 
well in gynecology owing to the development of nerve-sparing 
surgery, and a direct neural pathway to the sciatic nerve has been 
discovered. Lateral to the uterosacral ligament, the hypogastric 
plexus provides both sympathetic and parasympathetic nerves to 
the uterus, bladder, and rectum [6]. The splanchnic plexus, 
which originates from the S2–S4 roots, provides sympathetic in-
nervation. The entire sciatic nerve and lumbosacral plexus be-
come prone to metastases after cancer invades the S2–S4 roots. 

In this patient with untreated cervical cancer, the EMG study 
suggested right severe multiple lumbosacral plexopathy from the 
L5–S4 roots with severe involvement of the sciatic nerve. Subse-
quent ultrasonographic imaging also demonstrated significant 

swelling of the right sciatic nerve. Therefore, considering the 
clinical history of cervical cancer, along with the electrophysio-
logical and ultrasonographic findings, a metastatic lesion of the 
right lumbosacral plexus was suggested.  

Finally, MRI demonstrated an asymmetrical linear thickening, 
which was supported by increased FDG activity in the PET/CT 
scan, reflecting the L5–S3 nerve roots and right sciatic nerve in-
vasion. 

Frequently, neuropathy or neuritis due to chronic radiation 
can be incorrectly diagnosed as the perineural spread of malig-
nancy; since the majority of pelvic cancer patients receive radia-
tion therapy, a careful differential diagnosis is important. Thom-
as et al. [7] compared 20 cases of radiation neuropathy and 30 
cases of malignant lumbosacral plexopathy. The radiation neu-
ropathy group reported weakness and numbness as the most 
common symptoms; however, for the NLP group, pain was the 
chief complaint. 

On EMG, myokymic discharges are frequently observed in pa-
tients with radiation-induced neuropathy or plexopathy patients; 
thus, these discharges are an important electrophysiological 
characteristic of radiation injury [8]. In this case, no myokymic 
discharge was observed on EMG. Malignant neuropathy can also 
be distinguished from radiation neuritis based on MRI. Radia-
tion neuritis is usually restricted to the radiation area and typical-
ly shows a thin peripheral “tram-track” pattern of enhancement 
without irregularity [9]. Concurrently, when the perineural 
spread of malignancy occurs, it presents comparatively thicker 
enhancement around the individual nerves and may be asym-
metrical, as in the patient in this study [10]. 

In conclusion, intraneural metastasis in the lumbosacral plexus 
caused by malignancy is a rare condition, and the majority of cas-
es occur in patients with prostate cancer. In this study, a patient 
with untreated cervical cancer who experienced lower-extremity 
weakness and pain was finally diagnosed with neural metastases 
after several procedures. The study revealed that in addition to 
MRI and FDG PET/CT scans, EMG and ultrasonographic im-
aging can be relevant modalities for the diagnosis of perineural 
malignancy. 

Conflict of Interest 

No potential conflict of interest relevant to this article was re-
ported. 

ORCID 

Min Seok Kang, https://orcid.org/0000-0002-6318-8632 

https://doi.org/10.18214/jend.2022.00017

Min Seok Kang et al. • Neoplastic Lumbosacral Plexus Neuropathy

44



Nackhwan Kim, https://orcid.org/0000-0002-9650-2755 
Ki Hoon Kim, https://orcid.org/0000-0002-7257-3858 
Dong Hwee Kim, https://orcid.org/0000-0002-8116-0078 

References 

1. Jaeckle KA: Nerve plexus metastases. Neurol Clin 1991;9:857–
866. 

2. Memarzadeh S, Natarajan S, Dandade DP, Ostrzega N, Saber PA, 
Busuttil A, et al: Lymphovascular and perineural invasion in the 
parametria: a prognostic factor for early-stage cervical cancer. Ob-
stet Gynecol 2003;102:612–619. 

3. Elsahwi KS, Barber E, Illuzzi J, Buza N, Ratner E, Silasi DA, et al: 
The significance of perineural invasion in early-stage cervical can-
cer. Gynecol Oncol 2011;123:561–564. 

4. Howe BM, Amrami KK, Nathan MA, Garcia JJ, Spinner RJ: Peri-
neural spread of cervical cancer to the sciatic nerve. Skeletal Radiol 
2013;42:1627–1631. 

5. Hébert-Blouin MN, Amrami KK, Myers RP, Hanna AS, Spinner 

RJ: Adenocarcinoma of the prostate involving the lumbosacral 
plexus: MRI evidence to support direct perineural spread. Acta 
Neurochir (Wien) 2010;152:1567–1576. 

6. Rob L, Halaska M, Robova H: Nerve-sparing and individually tai-
lored surgery for cervical cancer. Lancet Oncol 2010;11:292–301. 

7. Thomas JE, Cascino TL, Earle JD: Differential diagnosis between 
radiation and tumor plexopathy of the pelvis. Neurology 1985; 
35:1–7. 

8. Delanian S, Lefaix JL, Pradat PF: Radiation-induced neuropathy in 
cancer survivors. Radiother Oncol 2012;105:273–282. 

9. Hoeller U, Bonacker M, Bajrovic A, Alberti C, Adam G: Radia-
tion-induced plexopathy and fibrosis: is magnetic resonance imag-
ing the adequate diagnostic tool? Strahlenther Onkol 2004;180: 
650–654.  

10. Chhabra A, Thakkar RS, Andreisek G, Chalian M, Belzberg AJ, 
Blakeley J, et al: Anatomic MR imaging and functional diffusion 
tensor imaging of peripheral nerve tumors and tumorlike condi-
tions. AJNR Am Neuroradiol 2013;34:802–807.  

J Electrodiagn Neuromuscul Dis 2022;24(2):42-45

https://doi.org/10.18214/jend.2022.00017 45

https://doi.org/10.1016/s0733-8619(18)30253-6
https://doi.org/10.1016/s0733-8619(18)30253-6
https://doi.org/10.1016/s0029-7844(03)00569-6
https://doi.org/10.1016/s0029-7844(03)00569-6
https://doi.org/10.1016/s0029-7844(03)00569-6
https://doi.org/10.1016/s0029-7844(03)00569-6
https://doi.org/10.1016/j.ygyno.2011.08.028
https://doi.org/10.1016/j.ygyno.2011.08.028
https://doi.org/10.1016/j.ygyno.2011.08.028
https://doi.org/10.1007/s00256-013-1653-0
https://doi.org/10.1007/s00256-013-1653-0
https://doi.org/10.1007/s00256-013-1653-0
https://doi.org/10.1007/s00701-010-0682-x
https://doi.org/10.1007/s00701-010-0682-x
https://doi.org/10.1007/s00701-010-0682-x
https://doi.org/10.1007/s00701-010-0682-x
https://doi.org/10.1016/s1470-2045(09)70191-3
https://doi.org/10.1016/s1470-2045(09)70191-3
https://doi.org/10.1212/wnl.35.1.1
https://doi.org/10.1212/wnl.35.1.1
https://doi.org/10.1212/wnl.35.1.1
https://doi.org/10.1016/j.radonc.2012.10.012
https://doi.org/10.1016/j.radonc.2012.10.012
https://doi.org/10.1007/s00066-004-1240-3
https://doi.org/10.1007/s00066-004-1240-3
https://doi.org/10.1007/s00066-004-1240-3
https://doi.org/10.1007/s00066-004-1240-3
https://doi.org/10.3174/ajnr.a3316
https://doi.org/10.3174/ajnr.a3316
https://doi.org/10.3174/ajnr.a3316
https://doi.org/10.3174/ajnr.a3316


Introduction 

Hirayama disease, also known as benign focal amyotrophy, is 
characterized by initially progressive muscular weakness and dis-
tal upper limb wasting that predominantly affects young men in 
their 20s and 30s, with spontaneous arrest of disease progression 
occurring within a few years [1]. Hirayama disease is a self-limit-
ing disorder, but an early diagnosis is needed to prevent deterio-
ration. Although the pathophysiology of Hirayama disease is un-
known, circulatory disorders in the spinal cord are hypothesized. 
Neck flexion tightens the dura and damages the intramedullary 
microcirculation, causing nerve damage [2]. Therefore, other 
causes of circulatory and neurological problems might directly or 
indirectly affect Hirayama disease, and medical staff have noted 
the coronavirus disease 2019 (COVID-19) vaccine as a possible 
cause. Its neurological side effects include headache, Guil-

Hirayama disease is characterized by initially progressive muscular weakness and wasting of the 
distal upper limbs in young people. It has a male predominance, and its progression spontaneous-
ly arrests within several years. Here, we report the case of a 15-year-old girl with findings of Hi-
rayama disease on spinal magnetic resonance imaging (MRI) after she visited the hospital with 
unilateral muscle weakness that occurred after coronavirus disease 2019 mRNA vaccination. She 
was asymptomatic for 3 weeks after vaccination; however, starting the night before hospitaliza-
tion, her right limb began to lose strength. MRI demonstrated typical Hirayama disease findings. 
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lain-Barré syndrome (GBS), venous sinus thrombosis (VST), 
transverse myelitis, facial nerve palsy, small-fiber neuropathy, 
newly developing multiple sclerosis, and others that have been 
reported only in a few patients [3]. Although the mechanism by 
which these diseases occur is unknown, hypotheses include anti-
bodies to the COVID-19 vaccine forming a complex causing 
thrombosis or hyperviscosity of the patient's blood [4]. 

Here we report a case of Hirayama disease observed on spine 
magnetic resonance imaging (MRI) in a 15-year-old girl who com-
plained of unilateral muscle weakness after COVID-19 mRNA vac-
cination. 

Case Report 

On December 27, 2021, a 15-year-old girl visited a pediatric out-
patient clinic. She had received a Pfizer-BioNTech COVID-19 vac-
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cine 3 weeks prior. She was asymptomatic at that time, but her 
right leg began to lose strength the night before the hospital visit. 
Her symptoms persisted until the following morning, when she 
visited the hospital. At the outpatient visit, the left upper and 
lower extremities were asymptomatic, but the right upper and 
lower extremities showed a manual muscle test grade of fair to 
good, and the distal muscles were weaker than the proximal mus-
cles. The light touch sensation on the right half of her body, ex-
cluding the face, was decreased. The patient was admitted to the 
Department of Pediatrics for a differential diagnosis of cervical 
myelopathy, GBS, and a brain tumor. After hospitalization, brain 
MRI, nerve conduction studies (Table 1), and somatosensory 
evoked potential studies (Fig. 1) were performed in collabora-
tion with the neurologists at the hospital. Most of the test results 
were within the normal range. However, contrast-enhanced spi-
nal MRI showed enlargement of the posterior epidural space 
with epidural venous plexus engorgement and enhancement at 
the cervicothoracic junction to the T8 level. The prominent pos-
terior epidural vessels appeared consistent with the imaging find-
ings of Hirayama disease (Fig. 2). It is known that Hirayama dis-
ease does not usually invade the lower extremities. Therefore, 
this patient had an atypical presentation. Regarding the reason 
for the involvement of the lower extremities, the medical staff 
kept in mind the possibility that it was accompanied by conver-
sion disorder. The MRI showed typical Hirayama disease find-
ings, and the final diagnosis was Hirayama disease. 

On December 30, the patient was referred to the Department 
of Rehabilitation Medicine, where an evaluation revealed the fol-

lowing: Berg Balance Scale score, 45 points; K-Modified Barthel 
Index score, 61 points; a full range of motion; motor assessment 
scale scores, 52 points on the right side and 54 points on the left 
side; Motricity Index: upper extremity, 59.0 points and lower ex-
tremity, 56.0 points; functional ability assessment, 18 points; 
Fugl-Meyer Assessment (FMA) of the upper body, 116 points on 
the right side and 126 points on the left side; FMA of the lower 
body, 73 points on the right side and 86 points on the left side; and 
weakness of right finger extension and adduction, a “fair plus” re-
sult in manual muscle tests. In addition, in a blood test conducted 
on December 31 to differentiate other diseases that cause muscle 
weakness, such as GBS, Miller Fisher syndrome, and neuromyelitis 
optica, negative results were obtained for anti-GM1 immunoglob-
ulin G (IgG) isotype, anti-GD1B IgG isotype, anti-GQ1b IgG, 
and anti-aquaporin 4 IgG. In the COVID-19 antibody assays, the 
Roche total antibody value was 201 U/mL and the Abbott IgG 
value was 4,621 AU/mL, 7.5 times higher than the maximum 
Roche antibody value (26.7 U/mL) measured 1 month after vac-
cination and 6.3 times higher than the maximum Abbott IgG anti-
body value (732.8 AU/mL) [5]. In short, the increase in the anti-
body load after the COVID-19 vaccination was abnormally high. 
Although the exact mechanism was difficult to determine, the 
medical staff assumed that the elevated antibody load may have af-
fected the development of Hirayama disease in some way. 

Discussion 

This is the first report of Hirayama disease after COVID-19 

Table 1. Nerve Conduction Studies of This Case

Nerve Stimulation site Recording site
Amplitude (mV or μV) Latency (ms) Conduction velocity (m/s) F-wave latency (ms)

Right Left Right Left Right Left Right Left
Motor
 Median Wrist APB 17.6 15.6 3.0 2.9 - - 24.7 23.6
 Elbow APB 17.2 15.1 6.8 6.6 61.8 62.2 - -
 Ulnar Wrist ADM 16.4 13.9 2.0 2.2 - - 23.7 23.2
 Below elbow ADM 15.4 13.3 5.6 5.4 61.1 62.5 - -
 Peroneal Ankle EDB 12.0 12.6 3.3 2.8 - - NR 40.4
 Below fibular EDB 11.2 12.0 9.0 8.8 52.6 52.5 - -
 Tibial Ankle AHB 36.0 34.2 4.0 3.6 - - 43.5 42.7
 Popliteal fossa AHB 31.1 28.3 11.0 10.6 52.9 52.9 - -
Sensory
 Median Wrist Second finger 31.6 36.5 2.2 2.2 - - - -
 Ulnar Wrist Fifth finger 23.2 25.9 2.0 2.1 - - - -
 Sural Calf Lateral malleolus 31.9 30.6 2.6 2.5 - - - -
H-reflex Popliteal fossa Soleus - - 24.4 25.0 - - - -

APB, abductor pollicis brevis; ADM, abductor digiti minimi; EDB, extensor digitorum brevis; AHB, abductor hallucis brevis; NR, no response; -, not appli-
cable.
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Fig. 1. (A) Left tibial somatosensory evoked potentials (SEPs). (B) Right tibial SEP. (C) Left median SEP. (D) Right median SEP.

Fig. 2. (A) Cervical magnetic resonance imaging (MRI) in the neutral position revealed an enlarged posterior epidural space with epidural 
venous plexus engorgement (arrows) and enhancement at the C-T junction to the T8 level. (B) Cervical MRI with neck flexion showed 
prominent posterior epidural vessels (arrows). (C) Axial T2-weighted MRI in the neutral position.
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mRNA vaccination in a female adolescent. Hirayama disease oc-
curs in young people in their 20s and 30s and much more often 
in male than in female patients at a ratio of 20:1 [1]. It shows an 
insidious onset and slow progression of muscular atrophy in the 
distal upper limbs, including the thenar, hypothenar, interossei 
muscles, and wrist flexors and extensors, but it spares the brachi-
oradialis muscles [6]. The amyotrophy is unilateral in most pa-

tients, but it can be bilateral. Most patients show “cold paresis” 
symptoms, in which the finger muscles weaken in cold environ-
ments. Paresthesia is uncommon; however, in some patients, lo-
cal sensation is lost in both hands. Most (73%) patients stop de-
veloping symptoms within 5 years [1]. Amyotrophic lateral scle-
rosis, spinal muscle atrophy, C8–T1 radiculopathy, compressive 
myelopathy, cervical spondylotic myelopathy, syringomyelia, 
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post-polio syndrome, multifocal motor neuropathy, and toxic 
neuropathy should be considered in the differential diagnosis 
[7]. To differentiate Hirayama disease from the above-men-
tioned diseases, nerve conduction velocity, electromyography 
(EMG), motor-evoked potentials (MEPs), and cerebrospinal 
fluid (CSF) tapping can be performed, and MRI yields the most 
characteristic findings. In previous research, EMG showed acute 
and chronic denervation of the atrophied muscles [8], while the 
findings of nerve conduction velocity and CSF tapping analyses 
were almost normal [2]. If MEPs are measured after transcranial 
magnetic stimulation is performed with neck flexion, the latency 
increases and the amplitude decreases, suggesting the pathogenic 
role of neck flexion in this disease [9]. Neck flexion on MRI is 
diagnostic for Hirayama disease, with characteristic findings of 
focal hyperintensities on T2-weighted images of the anterior 
caudal segments of the cervical spinal cord [10]. Our patient had 
no symptoms of muscle atrophy, but MRI showed a typical pat-
tern of Hirayama disease, including an enlarged posterior epidur-
al space with epidural venous plexus engorgement, enhancement 
at the cervicothoracic junction to the T8 level, and prominent 
posterior epidural vessels in the flexion view. 

In response to the current COVID-19 pandemic, vaccines are 
being administered to minimize complications. However, neuro-
logical complications can occur from the vaccination itself, in-
cluding headache, GBS, VST, transverse osteomyelitis, facial 
neuropathy, small nerve neuropathy, and multiple sclerosis, as 
mentioned earlier [3]. In our patient, spinal cord damage oc-
curred due to the immune response to the vaccination; the diag-
nosis of Hirayama disease was made based on the MRI findings, 
despite the lack of full consistency with the clinical features. Giv-
en the observation of an excessively increased COVID-19 anti-
body load, this overreaction may have affected the blood vessels 
of the spine via thrombosis, hyperviscosity of the blood, or other 
unknown mechanisms by forming an immune complex. 

Further research is needed, but considering the findings of the 
current case, attention should be paid to the possibility of Hiraya-
ma disease in the current circumstances of widespread Pfizer-Bi-
oNTech COVID-19 vaccination among Asian adolescents. Al-
though no cases have been reported, if the above symptoms occur 
after vaccination, the possibility of Hirayama disease should be 
considered. 
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Introduction 

Nitrous oxide (N2O) has been used historically for anesthetic 
purposes in medical treatment for a long time. However, an in-
creasing number of young adults misuse so-called “happy bal-
loons” as a way to consume this gaseous agent for recreational 
purposes, resulting in various medical complications among abus-
ers. N2O is known to inactivate vitamin B12, interfering with the 
methionine synthase cycle, which is vital for stabilizing the myelin 
sheath. Cases have been reported in the literature of vitamin B12 
deficiency leading to axonal degeneration and demyelination in 

Nitrous oxide (N2O) abuse induces vitamin B12 deficiency, resulting in complications in the cen-
tral and peripheral nervous systems. Some cases related to subacute combined degeneration or 
myeloneuropathy after N2O abuse have been reported. However, isolated peripheral polyneurop-
athy without spinal cord involvement has rarely been reported in South Korea. We describe a 
29-year-old woman who had inhaled “happy balloons” daily (1,000 balloons/day) for recreation-
al purposes over 3-month period, and presented with acute symmetrical hypoesthesia, paresthe-
sia, and motor weakness on the bilateral lower limbs. Serologic tests showed megaloblastic ane-
mia and vitamin B12 deficiency. Magnetic resonance imaging of the brain and spine showed no 
abnormalities. An electrodiagnostic study confirmed lower limb-dominant axonal sensorimotor 
polyneuropathy due to vitamin B12 deficiency from N2O abuse. The patient was treated with in-
tramuscular vitamin B12 replacement. A follow-up electrodiagnostic study 4 months after the ini-
tial study showed only partial improvement. Despite the legal efforts of the Korean government 
to ban the use of N2O other than for medical purposes, cases of complications from its abuse are 
on the rise, especially among young adults. Physicians should recognize the strong possibility of 
N2O abuse as an underlying cause of vitamin B12 responsive polyneuropathy with or without spi-
nal cord involvement. 

Keywords: Nitrous oxide; Polyneuropathy; Vitamin B 12 deficiency  
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both the central and peripheral nervous systems, ultimately result-
ing in subacute combined degeneration (SCD) or myeloneuropa-
thy [1–5]. In South Korea, isolated peripheral polyneuropathy 
(PN) induced by N2O abuse without myelopathy has been rarely 
reported; moreover, detailed electrodiagnostic study data and in-
formation on the associated amount of inhalation have also been 
deficient [3]. Herein, we report a case of a patient who developed 
isolated acute sensorimotor axonal PN after heavy N2O intoxica-
tion, including electrodiagnostic study findings. The study was 
approved by the Ethics Committees of the Presbyterian Medical 
Center (approval number: E2022-09).  
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Case Report 

A 29-year-old woman with history of clinical depression pre-
sented to our department with a 3-month history of symmetrical 
hypoesthesia, paresthesia, and motor weakness of the bilateral 
lower limbs. She complained of voiding difficulty along with in-
termittent fecal incontinence; and required assistance in ambulat-
ing due to gait disturbance. In general, the patient was in other-
wise good health. Her social history showed that she worked as a 
professional cheerleader and had engaged in a daily habit of inhal-
ing “happy balloons” (total usage: 1,000 balloons) for 3 months 
until the sudden presentation of the aforementioned symptoms. 
The patient’s past medical history was significant for a recent 
short-term inpatient admission at another hospital due to poor 
oral intake accompanied by episodes of melena with epigastric 
pain, which was treated with a proton pump inhibitor. 

On a manual muscle test, motor weakness was evident on ankle 
dorsiflexion (grade: 1 out of 5), plantarflexion (grade: 2 out of 5), 
and in other lower limbs (grade: 3 out of 5) bilaterally and sym-
metrically, while the upper limbs were both normal (grade 5 out 
of 5). Pain and temperature sensation were normal, but the sense 
of light touch and pinprick was markedly reduced below the bilat-
eral knees. Deep tendon reflexes at the bilateral ankles were di-
minished. Although the patient required assistance during ambu-
lation, her coordination was normal; there were no pathologic re-
flexes nor Lhermitte’s sign, and Romberg’s test was negative. 

The initial serologic test showed anemia and vitamin B12 deficien-
cy: hemoglobin, 8.0 g/dL (normal range, 12–16 g/dL); red blood 
cell count, 2.61 ×  106/mm3 (normal range, 3.8–5.4 ×  106/mm3); 
mean corpuscular volume, 91 fL (normal range, 79–100 fL); and 
vitamin B12, 135.8 pg/mL (normal, 197–771 pg/mL). The vita-
min B9 level was normal (5.6 ng/mL; normal range, 3.9–26.8 ng/
mL). Follow-up laboratory testing performed after 2 weeks 
showed a hemoglobin level of 9.4 g/dL (normal range, 12–16 g/
dL), a red blood cell count of 2.87 ×  106/mm3 (normal range, 
3.8–5.4 ×  106/mm3), a mean corpuscular volume of 102 fL (nor-
mal range, 79–100 fL); and a peripheral blood smear consistent 
with megaloblastic anemia. Brain and full-spine T2-weighted sag-
ittal magnetic resonance imaging was negative, excluding any evi-
dence of cervical nervous system involvement. Urodynamic stud-
ies, assessments of anal contraction, deep anal pressure, and peri-
anal sensation could not be elucidated as the patient declined 
these components of a comprehensive physical examination and 
diagnostic workup. 

An electrodiagnostic study was performed 3 months after the 
initial onset of symptoms. Motor nerve conduction studies 
(NCS) demonstrated delayed onset latencies and low amplitudes 

for the bilateral tibial and right median compound muscle action 
potentials (CMAPs) with decreased nerve conduction velocities. 
The bilateral peroneal CMAPs were unobtainable. Sensory NCS 
showed delayed latencies and low amplitude of bilateral superficial 
peroneal and tibial sensory nerve action potentials (Table 1). 
F-wave, H-reflexes, and evoked potentials were not tested due to 
patient's poor compliance with the study. Needle electromyography 
(EMG) demonstrated abnormal spontaneous activity (ASA) and 
decreased interference patterns in both tibialis anterior and perone-
us longus muscles, and ASA with unobtainable motor unit action 
potentials in both extensor digitorum brevis muscles (Table 2).  
The results of the test were compatible with severe sensorimotor 
PN (mainly axonal injury) involving the lower extremities. 

To treat her vitamin B12 deficiency, the patient received daily in-
tramuscular injections of 1 mg of vitamin B12 (Actinamide; Shin 
Poong Pharm Inc., Ansan, Korea) for 7 days, with recommenda-
tions to taper down to once a week for a month and lifelong main-
tenance of monthly injections along with 1 mg of oral cyanoco-
balamin supplement (Vitamedin; HK innoN, Seoul, Korea). The 
patient’s serum vitamin B12 level after 3 months of supplementa-
tion increased to 539.1 pg/mL (normal range, 197–771 pg/mL). 
As the patient refused an assessment of voiding difficulty, her sub-
jective symptoms of urgency with hesitancy were managed phar-
maco-therapeutically, using a cholinergic agonist, which led to 
partial resolution of these urinary symptoms. 

Seven months after the initial onset of symptomatology, motor 
strength in ankle dorsiflexion showed partial improvement from 
grade 1 to 2, while a sensory examination, including propriocep-
tion, remained abnormal. However, the patient could walk with-
out assistance using bilateral foot orthoses. In a follow-up electro-
diagnostic study, there was no significant improvement. Bilateral 
peroneal and tibial CMAPs were unobtainable; the bilateral su-
perficial peroneal muscles showed prolonged amplitudes and la-
tencies, while the tibial muscles continued to show no response 
on NCS (Table 3). Needle EMG demonstrated ASA in both the 
tibialis anterior and gastrocnemius muscles (Table 4). The result 
was still consistent with known sensorimotor PN (mainly axonal 
injury) involving the lower extremities. 

Discussion 

Vitamin B12 is a cofactor for methionine synthase and methyl-
malonyl-CoA mutase, which are involved in the production of 
DNA and myelin. N2O, by inactivating cobalamin, interferes with 
the methionine synthase cycle and affects both the central and pe-
ripheral nervous systems, resulting in demyelination and axonal 
degeneration of the dorsal and lateral columns of the spinal cord, 

J Electrodiagn Neuromuscul Dis 2022;24(2):50-55

https://doi.org/10.18214/jend.2022.00073 51



white matter in the brain, peripheral, and cranial nerves [6]. Bouat-
tour et al. [7] reported that patients with vitamin B12 deficiency 
showed sensorimotor neuropathy, mainly of the axonal type, with 
demyelinating features as the major electrodiagnostic findings. 

Patients who engage in N2O abuse often complain of acute on-
set of motor weakness and hypoesthesia, which are more severe in 
the distal lower limbs, and this pattern appears to be associated 

with electrodiagnostic study findings of axonal sensorimotor neu-
ropathy mainly in the lower extremities in a dose-dependent man-
ner [8–10]. Our patient had an admitted history of daily inhala-
tion, totaling 1,000 happy balloons, for 3 months with sudden evi-
dent motor and sensory deficits, likely attributable to axonal sen-
sorimotor PN in the lower extremities. Interestingly, our case 
showed no involvement of the central nervous system on imaging. 

Table 1. Findings of the Initial Nerve Conduction Study

Nerve site
Latency (ms) Amplitude (mV) CV (m/s)

Right Left Right Left Right Left
Motor NCS
 Median
  Wrist 3.7 3.3 8.8 10.3
  Elbow 8.0 7.3 5.0 6.4 46.5* 52.5
 Ulnar
  Wrist 2.4 2.3 11.7 13.4
  Elbow 6.5 6.3 12.4 12.4 51.2 50.0
 Peroneal
  Ankle NR* NR* NR* NR*
  Fibular head NR* NR* NR* NR* NR* NR*
 Tibial
  Ankle 7.9* 4.7* 0.1* 0.1*
  Popliteal fossa 18.2* 14.2* 0.1* 0.1* 32.8* 35.7*
Sensory NCS
 Median
  Index-wrist 2.3/2.9 2.2/2.8 35.6 36.5
 Ulnar
  Finger-wrist 1.8/2.6 1.8/2.4 37.0 39.9
 Superficial peroneal
  Ankle 4.4/5.0* 3.9/4.9* 5.7* 7.1*
 Sural
  Calf 4.4/5.2* 3.8/4.5* 9.1* 9.9*

Amplitudes are measured in millivolts (mV, motor) and microvolts (μV, sensory); onset/peak latency is used in sensory nerve conduction.
CV, conduction velocity; NCS, nerve conduction study; NR, no response.
*Abnormal value.

Table 2. Initial Findings of Needle Electromyography in the Bilateral Lower Extremities

Muscle Insertion 
activity

Spontaneous activity Motor unit action potential

Fibrillation PSW Fasciculation Duration/
amplitude Phases Recruitment

Right
 Tibialis anterior Normal 0 1+ 0 Normal Increased Reduced
 Peroneus longus Normal 1+ 1+ 0 Normal Normal Markedly Reduced
 EDB Normal 0 2+ 0 Absent Absent Absent
Left
 Tibialis anterior Normal 0 1+ 0 Normal Increased Reduced
 Peroneus longus Normal 0 1+ 0 Normal Normal Reduced
 EDB Normal 0 1+ 0 Absent Absent Absent

PSW, positive sharp wave; EDB, extensor digitorum brevis.
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Lee et al. [3] reported two cases of isolated PN from N2O intoxica-
tion; however, the duration of intoxication was within a month, no 
information was presented regarding the amount of inhalation, 
and sensory rather than motor symptoms were the chief com-
plaint. 

In determining the main cause for vitamin B12 deficiency in our 
case, several limitations are considered. These include (1) the pa-

tient’s history of taking a proton pump inhibitor to address the 
episode of melena; (2) poor intake during the gaseous agent 
abuse period, which could have also contributed to low vitamin 
B12 levels; and (3) failing to check serum levels of homocysteine 
and methylmalonic acid, which can also reflect deficiency levels. 
However, vitamin B12 deficiency is known to be related to long-
term adherence to a strict vegan diet and prolonged use of proton 

Table 3. Findings of the Follow-Up Nerve Conduction Study

Nerve site
Latency (ms) Amplitude (mV) CV (m/s)

Right Left Right Left Right Left
Motor NCS
 Median
  Wrist 3.0 2.9 9.6 9.6
  Elbow 6.8 6.8 9.3 9.4 55.2 53.8
 Ulnar
  Wrist 2.3 2.2 11.9 12.9
  Elbow 6.3 6.0 13.3 13.1 55.0 55.2
 Peroneal
  Ankle NR* NR* NR* NR*
  Fibular head NR* NR* NR* NR* NR* NR*
 Tibial
  Ankle NR* NR* NR* NR*
  Popliteal fossa NR* NR* NR* NR* NR* NR*
Sensory NCS
 Median
  Index-wrist 2.3/2.9 2.2/2.7 34.0 36.4
 Ulnar
  Finger-wrist 1.8/3.1 1.7/2.9 31.3 37.9
 Superficial peroneal
  Ankle 2.4/3.1 4.3/5.1* 8.0* 8.5*
 Sural
  Calf 4.6/5.7* 4.8/5.8* 8.0* 5.9*

Amplitudes are measured in millivolts (mV, motor) and microvolts (μV, sensory); onset/peak latency is used in sensory nerve conduction.
CV, conduction velocity; NCS, nerve conduction study; NR, no response.
*Abnormal value.

Table 4. Findings of Follow-Up Needle Electromyography in the Bilateral Lower Extremities

Muscle Insertion 
activity

Spontaneous activity Motor unit action potential

Fibrillation PSW Fasciculation Duration/
amplitude Phases Recruitment

Right
 Tibialis anterior Normal 0 2+ 0 Normal Increased Reduced
 Peroneus longus Normal 0 1+ 0 Normal Increased Reduced
 EDB Normal 0 0 0 Normal Normal Reduced
Left
 Tibialis anterior Normal 0 2+ 0 Normal Increased Reduced
 Peroneus longus Normal 0 2+ 0 Normal Normal Reduced
 EDB Normal 0 0 0 Normal Normal Reduced

PSW, positive sharp wave; EDB, extensor digitorum brevis.
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pump inhibitors. Our patient had a history of a significantly high-
er amount of N2O than other reported cases of SCD from N2O 
abuse in Korea, as presented in Table 5 [1,2,4,5]. Considering the 
amount of gas inhalation and the acute onset of presentation of 
sensorimotor impairment in our patient, we can infer that N2O 
abuse was a major factor contributing to vitamin B12 deficiency in 
this patient. 

N2O abuse has long been a social issue in Korea. After escalat-
ing overuse and deaths associated with its abuse, in 2017 the Ko-
rean government banned the use of N2O other than for medical 
purposes, as was the case in the United Kingdom under the Psy-
choactive Substances Act in 2016. Despite legal efforts, case stud-
ies related to the harmful effects of N2O abuse continue to be re-
ported, and there is likely to be a larger public health crisis involv-
ing victims of N2O abuse among young adults in their 20s and 30s 
(Table 5), who are unaware of the potentially serious complica-
tions of abuse. 

In conclusion, our report presents a case of isolated sensorimo-
tor PN of the lower extremities following a short period of N2O 
abuse. Clinicians should suspect and firmly consider the underly-
ing possibility of N2O abuse to prevent serious complications, es-
pecially in young adults presenting with vitamin B12 deficiency 
PN, and actively promote efforts to improve social awareness of 
its abuse as a potential public health crisis. 
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lowing revision or subject to major revision, the corresponding 
author must reply to reviewers’ comments point by point and re-
vise the manuscript with changes in red color and explain in detail 
what changes were made in the manuscript in “summary of revi-
sion” as soon as possible.

A manuscript that does not comply with the regulations for 
submission can be suggested to be adjusted or be reserved to be 
published or can be adjusted by the Editorial Board, if necessary, 
without affecting the original contents.

The reviewer and Editorial Board can request correcting En-
glish of the manuscript to a considerable level, and the author 
should accept it.

The manuscripts which are completed reviewing process shall 
be decided of its publication after reviewing of the Editorial 
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Board, and a manuscript that does not comply with the regula-
tions for submission can be rejected or delayed the acceptance.

When a manuscript is not resubmitted within two months of 
notification, it will be considered that the authors have withdrawn 
the manuscript from submission.

Manuscripts accepted for publication are generally published in 
order of submission, depending on the category of the manuscript 
and the date of acceptance for publication.

1-9. Charges for reviewing, publication and printing
There are no charges for reviewing, publication and printing, but 
illustrations that require extraordinary printing processes will be 
charged to the authors. The corresponding author is also charged 
a fee for the plate, English proof leading, offprints, and specialty 
printing.

2. Preparation of the Manuscript

2-1. Forms of the manuscript
Use Microsoft Office Word (versions after 2003) and ensure cor-
rect spelling and grammar. Set up the MS Word document for 
1-inch margins on a letter or A4-sized paper. The manuscript 
must be written in 12-point font, and the sentences must be dou-
ble-spaced including tables and figure legends. The length of the 
manuscript should not exceed 20 pages in original articles, 7 pag-
es in the case report, and 30 pages in review article except for the 
tables and figures.

2-2. Use of language and unit
Draw up a manuscript in proper and clear English as per the or-
thography. When there is no appropriate translation of foreign 
medical terms, proper nouns, drug names, units, etc., use their 
originals in the manuscript. If foreign-language words are needed, 
capital and small letters should be clarified: in principle, proper 
nouns, place names, and names of persons should be written with 
a capital letter as the first letter and then small letters for the rest. 
If an original term has its translation whose meaning is unclear, 
place the original in a small parenthesis after its translation when 
it appears for the first time and then uses its translation alone.

Numbers should be written in Arabic numerals, and measure-
ments should be reported using the metric system, and hemato-
logic and biochemical markers should be reported in the Interna-
tional System (SI) of Units. (http://physics.nist.gov/cuu/Units/in-
dex.html)

2-3. Use of abbreviations
The use of abbreviations should be minimized and restricted to 

those that are generally recognized. When using an abbreviated 
word, it should be spelled out in full on the first usage in the man-
uscript, followed by the abbreviation in parentheses.

2-4. Word-spacing
In manuscripts, leave one space for each side, using arithmetic 
marks as ± , = , +, - (minus), × , etc. (ex. 25.3 ±  1.2). Leave no 
space for “-” (hyphen) between words (ex. post-stroke). Leave one 
space after “,”, “;“, “.” and “:”. Using parentheses, leave 1 space each 
side in English. And brackets in parentheses, apply square brack-
ets. Ex) ([ ])

2-5. Order of manuscripts for original articles
The manuscript for original articles should be organized in the 
following order: 1) title page as a separate file, 2) Title of the man-
uscript 3) abstract and keywords, 4) introduction, 5) materials (or 
subjects) and methods, 6) results, 7) discussion, 8) conflict of in-
terest, 9) acknowledgements (if necessary), 10) references, 11) fig-
ure legends 12) tables as separate files, and 13) figures as separate 
files.

Figures should be submitted with an online submission system 
as separate files, named as the number of figures of the text and 
figure legends in JPEG, TIFF, GIF format (ex: Fig1.jpg)..

Title page
The title page should be uploaded online as a separate file and 
should describe the title of the article, full names of authors, insti-
tutional affiliation(s) with each author. English names should not 
be described in initials. All authors’ ORCIDs should be described.

If authors belong to different organizations, the chief research 
organization should be specified in the first place, and the other 
one’s shoulder is specified in the order of Arabic numerals (e.g., 
1,2,3).

In the title page, the corresponding author must be identified, 
and his or her contact information (postal address, e-mail, tele-
phone, and fax numbers) should be listed, and if necessary, finan-
cial support might be described as a footnote. Running title with 
50 spaces maximum should be described.

Title of the manuscript
The title of the manuscript page should contain the only title. Do 
not include author information on the title page for a blind peer 
review. The author names should not appear on this page.
The title should be short, specific, and informative to present 
clearly the objective of the study and should not use the expres-
sions, such as “study about---“ or “clinical study about---.“ The ti-
tle should contain less than 20 words. The first letter of words ex-
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cept article, preposition, and conjunction should be capitalized.
Drug names in the title should be written with generic names, not 
product names.

Title of the manuscript
Abstract should summarize the content and should not exceed 
250 words in the original article and 200 words in the case report. 
In the original article, a structured abstract with the headings of 
Objective, Methods, Results, and Conclusion must succinctly de-
scribe the paper. Use complete sentences and do not number the 
results. At the end of the Abstract, list up to 5 relevant Keywords 
which are in accordance with the Medical Subject Headings 
(MeSH) in the Index Medicus (http://www.nlm.nih.gov/mesh). 
Keywords should be written with a capital letter as the first letter 
and then small letters for the rest and separate each word by a 
semicolon (;). The abstract of the case report should be non-struc-
tured, with no more than 5 Keywords attached. Brief communica-
tions should not describe abstract and keywords.

Introduction
Introduction should clearly present the objective of the study, and 
a brief background to inform the readers of the relevance of the 
study may be necessary.

Materials & Methods
Describe the participants or research materials of the study, divid-
ed by subsection titles, and describe the experimental methods in 
a logical and systematic manner so that they can be reproducible 
by another investigator. Explain in detail the inclusion and exclu-
sion criteria for both the experimental and control groups. Exper-
imental drugs should be stated in the generic name. When pro-
prietary brands are used, include the brand name and the name of 
the manufacturer in parentheses after the first mention of the ge-
neric name. When using experimental devices or other products, 
state the brand name then follow with the name of the manufac-
turer, city (state), and country in parentheses, e.g., Flow Cytome-
ter (Coulter Electronics Inc., New York, NY, USA). To ensure an-
onymity during the peer review process, the authors’ affiliations 
or the institutional setting of the study should not be revealed. 
Subsection titles should be listed in order to 1), (1), A), (A).

Precisely describe the statistical analysis methods, computer 
programs, and criteria for determining significance.

(Description of participants)
Ensure correct use of the terms sex (when reporting biological 

factors) and gender (identity, psychosocial or cultural factors), 
and, unless inappropriate, report the sex or gender of study par-
ticipants, the sex of animals or cells, and describe the methods 

used to determine sex or gender. If the study was done involving 
an exclusive population, for example, in only one sex, authors 
should justify why, except in obvious cases (e.g., prostate cancer). 
Authors should define how they determined race or ethnicity and 
justify their relevance.

Results
Results should be summarized and described logically the signifi-
cant findings and trends observed in the results, giving the main 
or most important objective. Results can be sectioned by subsec-
tion titles listed in order to 1), (1), A), (A). Avoid extensive repeti-
tion of contents of the tables and figures in the text. In statistical 
expression, mean and standard deviation should be described as 
mean± SD, and mean and standard error as mean± SE. The letter 
‘p’ in p-value is written in the lower case.

Discussion
Refrain from an excessive review of historical studies, textbook 
facts, or irrelevant references. Interpret the results with respect to 
the objective of the study, and describe differences with previous 
studies and significant findings, which lead to the deduction of 
the conclusion. Accentuate newly obtained observations from the 
study and include significant limitations of the study. Do not re-
peat the results in detail or other information that is given in the 
Introduction or the Results section.

Conclusion
Conclusions should avoid unqualified statements that are not ad-
equately supported by the data and describe briefly novel findings 
of the study, according to the purpose of the study.

Acknowledgment
If necessary, persons who have made contributions to the study, 
but who are not eligible for authorship may be named in this sec-
tion. Their contribution must be specified, such as data collection, 
financial support, statistical analysis, or experimentation.

References
References must be written only to the cited body. It is recom-
mended that only important references are recorded, and the 
number of references is within 40. References should be num-
bered in order of appearance in the text using Arabic numerals in 
square brackets such as [1], [2-4], and [5,7,9]. A bracket is placed 
after the author’s name, or before the period in a sentence. In case 
the author should be mentioned, write only “last name” and list 
the first two author and add “et al.” if the authors are more than 
three (e.g., one author: Kim, two: Park and Jeong, more than 
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three: David et al.). The English name is written the last name in 
conjunction with capital letters of first and middle names. If the 
reference is Korean, then list the English version in the reference 
section. List all authors when they are six or fewer; when there are 
seven or more, list only the first six and add ‘et al.”. If an article has 
been accepted but not yet published, the assigned month to be 
published could be written. Journal titles should be abbreviated in 
style used in the Index Medicus. If the reference is not listed in 
Medicus, use the full name of the journal. All other references 
should be listed, as shown in the “Uniform Requirement for man-
uscripts submitted to Biomedical Journals” (2008).

Sample References
1) Journals:
Authors: full title of the article. journal name year;volume:the 
first and last page number.
(e.g., Curr A, Dietz: Traumatic cervical spinal cord injury: rela-
tion between somatosensory evoked potentials, neurologic 
deficit and hand function. Arch Phys Med Rehabil 1996;77:48–
53.)

2) Book:
Authors: Book title. edition. place: publisher; year, the first 
and last page number.
(e.g., Cailliet R: Shoulder pain. 3th ed. Philadelphia: FA Davis;
1991, pp32–35.)

3) Book chapter
Authors: title of the chapter. In: editor. The book title. edition.
place: publisher; year, the first and last page number.
(e.g., Kottke FJ: The neurophysiology of motor function. In: 
Kottke FJ, Lehmann JF, editors. Krusen’s handbook of physical
medicine and rehabilitation. 4th ed. Philadelphia: Saunders; 
1990, pp234–269.)

4) Online resource
National Library of Medicine: Fact sheet: AIDS information 
resources [Internet]. Bethesda: National Library of Medicine; 
2003 [cited 2007 Mar 26]. Available from: http://www.nlm.
nih.gov/pubs/factsheets/aidsinfs.html.

Tables
Tables should be uploaded online as separate files and numbered 
in order of appearance in the main text (Table 1, Table 2, etc.). Ta-
ble should be easy to understand and unique. The total number of 
tables should not exceed more than five. Title of table should be 
briefly written as a phrase or sentence. The first letter except arti-

cle, preposition, and conjunction, should be capitalized. The title 
of table is written above the table, and footnote should be de-
scribed below the table. All abbreviations should be spelled out in 
footnote in order of abbreviation, colon, and unabbreviated name 
(e.g., NCS: nerve conduction study). The symbols (*, †, ‡, §, ||, ¶, 
**, ††, ‡‡) should be superscripts and be used in the indicated se-
quence (e.g., * p< 0.05). 

Figure legends
Figure legends must appear on a separate page at the end of the 
manuscript written in the Microsoft Word file. Write sentences to 
be understood fully without relying on the main text. Only the 
first sentence written in capital letters. The second sentence 
should be set on the starting line of the first sentence. Explain any 
abbreviation and symbol in the legend. Figures containing histo-
logic slides should be accompanied by legends explaining tissue 
origin, stain method, and microscopic amplification.

Figures
Figures should be uploaded online as separate files and numbered 
in order of appearance in the main text (e.g., Fig. 1). If more than 
two figures are used in the same number, insert the alphabet after 
Arabic number (e.g., Fig. 1A, Fig. 1B) and record as a single file. 
Arrows should be inserted to be easily understood. All images 
should be saved in JPEG, TIFF, GIF or PPT format within 3 MB. 
The minimum resolutions required are 300 dpi. At online submis-
sion, set a file name as the same title as written in main text and 
legends (e.g., Fig1.jpg).

When already published figures or graphs are inserted, the 
written consent of the author should be attached and acknowl-
edged in the manuscript.

2-6. Articles other than the original manuscript
The general guidelines abide by the original article section.

Invited review
An invited review is a contemplation focused on a certain topic 
appointed by the Editorial Board. The abstract is limited to less 
than 250 words, the number of main text less than 30 pages, and 
the references no more than 60.

Case Report
Case report deal with any unique features, novel diagnosis or 
treatment, or others accepted in Editorial Board. The abstract 
should be non-structured and limited to 200 words, with no more 
than 5 keywords attached. Introduction should be briefly written 
about background and significance of the case. Main texts are 
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composed of the course of clinical features, diagnosis, and treat-
ment. Discussion should focus on the significance of the case, and 
tedious review should be avoided. The number of table and figure 
is limited to five in total, and the number of references should not 
exceed more than ten. The maximum word count is limited to 
1,500 words, excluding references, tables, and figure legends.

Brief communication
Brief communication deal with already reported findings or cases, 
but with any unusual features, or features that are considered to 
be important. Abstract and keywords are not required. The text is 
limited to 700 words. Up to seven references should be listed. 
Only one table or figure is allowed, and acknowledgment should 
not be written.

3. Copyright Transfer and Author Consent 
Form

Copyright Transfer and Author Consent must be used the official 
form made by the Korean Association of EMG Electrodiagnostic 
Medicine (available and posted at the journal on ‘www.kanem.
or.kr’ or ‘www.e-jend.org’). In addition, the title of the manuscript, 
date of submission, names of all authors, affiliation, and address, 
and phone number must be recorded with the handwritten signa-
ture of all authors. Also, the name and email address of corre-
sponding author should be recorded. Completed Copyright 
Transfer and Author Consent Form should be submitted at on-
line submission system to the Editorial Office.
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Research and  
Publication Ethics

The Journal of Electrodiagnosis and Neuromuscular Diseases ad-
heres to the guidelines and best practices published by profession-
al organizations, including ICMJE Recommendations and the 
Principles of Transparency and Best Practice in Scholarly Publish-
ing (joint statement by the Committee on Publication Ethics 
[COPE], Directory of Open Access Journals [DOAJ], World As-
sociation of Medical Editors [WAME], and Open Access Scholar-
ly Publishers Association [OASPA]; https://doaj.org/bestpractice). 
Further, all processes of handling research and publication mis-
conduct shall follow the applicable COPE flowchart (https://pub-
licationethics.org/resources/flowcharts).

Statement of Human and Animal Rights

Clinical research should be conducted in accordance with the 
World Medical Association’s Declaration of Helsinki (https://
www.wma.net/what-we-do/medical-ethics/declaration-of-helsin-
ki/). Clinical studies that do not meet the Helsinki Declaration 
will not be considered for publication. For human subjects, iden-
tifiable information, such as patients’ names, initials, hospital 
numbers, dates of birth, and other protected health care informa-
tion, should not be disclosed. For animal subjects, research should 
be performed based on the National or Institutional Guide for the 
Care and Use of Laboratory Animals. The ethical treatment of all 
experimental animals should be maintained.

Statement of Informed Consent and 
Institutional Approval

Copies of written informed consent should be kept for studies on 
human subjects. Clinical studies with human subjects should pro-
vide a certificate, an agreement, or the approval by the Institution-
al Review Board (IRB) of the author’s affiliated institution. For re-
search with animal subjects, studies should be approved by an In-
stitutional Animal Care and Use Committee (IACUC). If neces-
sary, the editor or reviewers may request copies of these docu-
ments to resolve questions regarding IRB/IACUC approval and 
study conduct.

Conflict of Interest Statement

The author is responsible for disclosing any financial support or 
benefit that might affect the content of the manuscript or might 
cause a conflict of interest. When submitting the manuscript, the 
author must describe the conflict of interest statement. Examples 
of potential conflicts of interest are financial support from or con-
nections to companies, political pressure from interest groups, 
and academically related issues. In particular, all sources of fund-
ing applicable to the study should be explicitly stated.

Originality, Plagiarism, and Duplicate 
Publication

Redundant or duplicate publication refers to the publication of a 
paper that overlaps substantially with one already published. 
Upon receipt, submitted manuscripts are screened for possible 
plagiarism or duplicate publication using Crossref Similarity 
Check. If a paper that might be regarded as duplicate or redun-
dant had already been published in another journal or submitted 
for publication, the author should notify the fact in advance at the 
time of submission. Under these conditions, any such work 
should be referred to and referenced in the new paper. The new 
manuscript should be submitted together with copies of the dupli-
cate or redundant material to the editorial committee. If redun-
dant or duplicate publication is attempted or occurs without such 
notification, the submitted manuscript will be rejected immedi-
ately. If the editor was not aware of the violations and of the fact 
that the article had already been published, the editor will an-
nounce in the journal that the submitted manuscript had already 
been published in a duplicate or redundant manner, without seek-
ing the author’s explanation or approval.

It is possible to republish manuscripts if the manuscripts satisfy 
the conditions for secondary publication of the ICMJE Recom-
mendations (http://www.icmje.org/icmje-recommendations.pdf).
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Authorship and Author’s Responsibility

Authorship credit should be based on (1) substantial contribu-
tions to conception and design, acquisition of data, and analysis 
and interpretation of data; (2) drafting the article or revising it 
critically for important intellectual content; (3) final approval of 
the version to be published; and (4) agreement to be accountable 
for all aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately in-
vestigated and resolved. Authors should meet these four condi-
tions.

• A list of each author’s role should accompany the submitted 
paper.
• Correction of authorship: Any requests for such changes in 
authorship (adding author(s), removing author(s), or re-ar-
ranging the order of authors) after the initial manuscript sub-
mission and before publication should be explained in writing 
to the editor in a letter or e-mail from all authors. This letter 
must be signed by all authors of the paper. A copyright assign-
ment must be completed by every author.
• Role of the corresponding author: The corresponding author 
takes primary responsibility for communication with the jour-
nal during the manuscript submission, peer review, and publi-
cation process. The corresponding author typically ensures 
that all of the journal’s administrative requirements, such as 
providing the details of authorship, ethics committee approval, 
clinical trial registration documentation, and conflict of inter-
est forms and statements, are properly completed, although 
these duties may be delegated to one or more coauthors. The 
corresponding author should be available throughout the sub-
mission and peer review process to respond to editorial queries 
in a timely manner, and after publication, should be available 
to respond to critiques of the work and cooperate with any re-
quests from the journal for data or additional information or 
questions about the article.
• Contributors: Any researcher who does not meet all four IC-
MJE criteria for authorship discussed above but contributes 
substantively to the study in terms of idea development, manu-
script writing, conducting research, data analysis, and financial 
support should have their contributions listed in the Acknowl-
edgments section of the article.

Registration of Clinical Trial

Clinical trial defined as “any research project that prospectively 
assigns human subjects to intervention and comparison groups to 
study the cause-and-effect relationship between a medical inter-
vention and a health outcome” is recommended to be registered 
to the primary registry to be prior publication. ARM accepts the 
registration in any of the primary registries that participate in the 
WHO International Clinical Trials Portal (http://www.who.int/ic-
trp/en/), NIH ClinicalTrials.gov (http://www.clinicaltrials.gov/), 
ISRCTN Resister (www.isrctn.org), University Hospital Medical 
Information Network (www.umin.ac.jp/ctr/index/htm), Nether-
lands Trial Register (http://www.trialregister.nl/trialreg/index.asp) 
or The Clinical Research Information Service (http://cris.nih.
go.kr/). The clinical trial registration number will be published at 
the end of the abstract.

Process for Managing Research and Publication 
Misconduct

When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, un-
disclosed conflict of interest, ethical problems with a submitted 
manuscript, appropriation by a reviewer of an author’s idea or 
data, and complaints against editors, the resolution process will 
follow the flowchart provided by COPE (http://publicationethics.
org/resources/flowcharts). The discussion and decision on the 
suspected cases are carried out by the Editorial Board.

Editorial Responsibilities

The Editorial Board will continuously work to monitor and 
safeguard publication ethics: guidelines for retracting articles; 
maintenance of the integrity of academic records; preclusion of 
business needs from compromising intellectual and ethical stan-
dards; publishing corrections, clarifications, retractions, and apol-
ogies when needed; and excluding plagiarized and fraudulent 
data. The editors maintain the following responsibilities: responsi-
bility and authority to reject and accept articles; avoid any conflict 
of interest with respect to articles they reject or accept; promote 
the publication of corrections or retractions when errors are 
found; and preserve the anonymity of reviewers.
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Copyright Transfer and  
Author Consent Form

Title of manuscript: _________________________________________________________________________________
__________________________________________________________________________________________________

I agree to transfer the copyright of this article to the Korean Association of EMG Electrodiagnostic Medicine if it is published in the Jour-
nal of Electrodiagnosis and Neuromuscular Diseases.

I warrant that the article is original work that has not been published before and is not being considered for publication elsewhere in its 
final printed form or electronic form.

I certify that all authors contributed to this manuscript actually and intellectually and have responsibility to this manuscript.
I also declare that my institution has approved the protocol for any investigation involving human subjects or animals and that all experi-
mentation was conducted in conformity with ethical and humane principles of research.

I further attest that we have disclosed any and all financial and other relationships that could be construed as a conflict of interest and 
that all funding sources supporting the work are disclosed in the manuscript.

Date: ___________________________________

*Corresponding author: ____________________________  E-mail: _________________________________

 Address: ________________________________________________________________________________________

 TEL: ___________________________________________  FAX: ___________________________________

Author’s name (Korean)

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

Author’s name (English)

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

Signature
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