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Background: Hemodialysis-related restless legs syndrome (HD-RLS) is a common sensorial and motor disorder. The diagnosis of this
disease is based on clinical criteria, and it has recently been proposed to use physiological parameters of the nerves related to the duration
of the F wave as a supplementary diagnostic modality. The aim of the study is to determine the value of these parameters in the diagnosis
of HD-RLS by comparing the differences between patients with HD-RLS and hemodialysis patients without RLS (HD-nRLS).
Methods: A total of 20 HD-RLS patients, 33 HD-nRLS patients, and 30 age-and gender-matched healthy controls (HCs) were
included in the study. The motor nerve conduction of the median and ulnar nerves in the upper limbs, as well as the tibial and peroneal
nerves in the bilateral lower limbs, and the sensory nerve conduction of the sural nerve bilaterally and the superficial peroneal nerve,
along with the F waves of the ulnar nerves, median nerve, and bilateral tibial nerve, were assessed.

Results: Both groups of HD patients had variable levels of axonal degeneration and demyelination, with the HD-RLS patients having
more severe lower limb involvement. The HD-RLS patients showed an extension of the F-wave duration (FWD) of the bilateral tibial,
median, and ulnar nerves, along with an increased ratio between FWD and compound muscle action potential duration (CMAPD).
Conclusion: Peripheral neuropathy occurs in patients with HD-RLS, and the FWD/CMAPD ratio could potentially serve as an
adjunctive diagnostic tool for HD-RLS.
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Introduction

Restless legs syndrome (RLS) is defined by an uncontrollable compulsion to move and recurrent limb movements,
usually happening at night or during periods of inactivity.' The pathophysiological mechanisms responsible for RLS are
not fully known and can be categorized into two types: primary RLS and secondary RLS,? which frequently appears in
patients who are undergoing hemodialysis.** The International Restless Legs Syndrome Study Group (IRLSSG) created
diagnostic criteria for RLS that primarily consider patients’ symptoms and sensations.” These diagnostic criteria were
revised in 2012 to improve the accuracy of the diagnosis.' Recently, scholars have proposed that FWD and FWD/
CMAPD values could be used as diagnostic indicators for RLS.*® FWD is affected by the quantity of motor neurons and
central excitability drive, whereas FWD/CMAPD is a crucial measure for evaluating motor neuron function.® Central
sensitization is considered one of the pathogenic mechanisms of RLS, which originates from cortical and subcortical
dysfunction leading to a decrease in descending spinal inhibition,” thereby causing excessive excitability and dysfunction
in the spinal cord.'® The nerve conduction findings in RLS patients in the aforementioned investigations were within the
normal range. However, peripheral neuropathy (PN) is widely observed in patients with end-stage renal disease
(ESRD)."" Hence, the purpose of this work was to detect PN in HD-RLS by nerve conduction investigations and to
ascertain the significance of FWD and FWD/CMAPD ratio in the RLS diagnosis in HD patients.
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Methods

Subjects

The study included 20 HD-RLS patients, 33 HD-nRLS patients, and 30 HCs matched in age and gender without any RLS
symptoms. The criteria for inclusion of HD patients were being 18 years of age or older and undergoing a minimum of 90
days of hemodialysis therapy. The exclusion criteria were Parkinson’s disease, stroke, multiple sclerosis, spinal cord
lesions, rheumatoid arthritis, other autoimmune diseases, and a history of diabetes. HD-RLS patients who match the
diagnostic criteria for RLS established by the IRLSSG, medications or chemicals that can trigger or worsen RLS
symptoms, as well as patients already undergoing drug treatment, are excluded.'” The study complied with the
Declaration of Helsinki and was approved by the Ethics Committee of Affiliated Hospital of Ningbo University
Medical College (Decision No. XJS20220907, Date 14/10/2022), and written informed consent was provided by the
patients.

Electrophysiological Tests

Electrophysiological evaluations were performed in the EMG laboratory using a Danish Dantec Keypoint 9033a07 six-
channel electromyograph (factory no. 40396) that was equipped with surface electrodes. The testing took place from
12:00 to 15:00 at a room temperature ranging from 25 to 28°C. The participants’ skin temperature was maintained within
the range of 32-34 °C, and the patients remained asymptomatic. Research findings suggest that the conduction velocities
of both the median nerve and ulnar nerve are reduced on the side with an arteriovenous fistula.'> Consequently, we
conducted assessments on the opposite upper limb’s left/right median nerve (motor and F-wave), left/right ulnar nerve
(motor and F-wave), both tibial nerves (motor and F-wave), as well as both peroneal nerves (motor) and both superficial
peroneal nerves (sensory) in the lower limb. The following measures were performed: distal sensory latency (DSL),
distal motor latency (DML), conduction velocity (CV), sensory nerve action potential (SNAP) amplitude, and compound
muscle action potential (CMAP) amplitude. The F-wave detection involved delivering a stimulus at a frequency of 1 hz
for 20 repetitions and measuring the shortest latency, longest latency, average latency, amplitude, and duration (from

onset to return to baseline).®

Statistical Analysis

Statistical analysis was performed using SPSS v. 26.0 (Chicago, IL). The measurements with normally distributed data
were shown as EQN, and the count data was expressed as a constitutive ratio. The laboratory results from two groups of
HD patients consist of measures of hemoglobin, albumin, serum iron, transferrin saturation, ferritin, folic acid, and
vitamin B12. Statistical analysis was performed using the independent sample ¢ test for normally distributed data and the
Mann—Whitney U-test for normally distributed data. One-way analysis of variance (ANOVA) assessed the differences
among three groups and performed tests for homogeneity of variance and post hoc comparisons, and gender composition
was tested by Pearson’s chi-squared test. The bilateral tibial nerve, median nerve, and ulnar nerve FWD/CMAPD ratio
were considered the independent variables, while the presence or absence of RLS was considered the outcome variable in

order to construct a receiver operating characteristic curve (ROC).

Results

Demographics and Clinical Characteristics

The demographic and clinical features of the participants are shown in Table 1. The three groups did not exhibit any
notable disparities in terms of age and gender distribution. The HD-RLS patients exhibited a statistically significant
elevation in parathyroid hormone concentration compared to the HD-nRLS patients (P<0.019). Nevertheless, there were
no notable disparities observed in hemoglobin, albumin B2-microglobulin, Kt/V, serum iron, transferrin saturation,
ferritin, folic acid, vitamin B12, and vitamin D between the HD patients.
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Table | Demographic Features of the Study Population

Variable HD-RLS(n=20) | HD-nRLS (n=33) | HCs (n = 30) | P-value
Age(years) 56.95+11.00 53.72%15.69 50.92+14.84 0.385°
Female/Male 6/14 10/23 9/21 0.491°
HD duration(years) 5.27+4.21 4.66+3.78 NA 0.590¢
Hemoglobin(g/L) 117.3£7.6 I1.1£13.7 NA 0.072¢
Serum albumin(g/L) 41.15£2.45 40.78+3.63 NA 0.703¢
f,-microglobulin(mg/L) 34.56+4.35 31.46x7.31 NA 0.080¢
Folic acid(ng/L) 14.33+11.94 11.73£10.28 NA 0.408¢
Vitamin BI2(pg/mL) 824.5+526.0 741.1+456.8 NA 0.549¢
Ke/V 1.466+0.219 1.493+0.264 NA 0.702¢
Serum iron(umol/L) I5.11£5.37 14.54+6.36 NA 0.247¢
Ferritin(ng/mL) 70.06+64.71 87.32+93.27 NA 0.473¢
Transferrin saturation(%) | 32.01%11.68 29.78+12.92 NA 0.523¢
PTH(pmol/L) 430.4+270.8 252.6+178.5 NA 0.006¢
Vitamin D(ng) 36.55£12.51 33.97x15.04 NA 0.525°¢

Note: Data are presented as the meantstandard deviation (range of minemax). HD-RLS=hemodialysis with restless
legs syndrome;HD-nRLS=hemodialysis without restless legs syndrome;HCs=healthy controls; NA=not applicable.
Kt/V=single chamber urea clearance index PTH=parathyroid hormone a ANOVA. b Fisher’s exact test. ¢ Two-
sample t-tests.

Nerve Conduction Study

In the investigation of motor nerve conduction, both the tibial nerve and common peroneal nerve in the lower limbs of
HD patients from both groups exhibited prolonged DML and decreased CV compared to the HCs, with particularly
pronounced differences observed in the HD-RLS patients. Additionally, there was a decrease in CMAP amplitude
observed in both groups of HD patients compared to the HCs, although the intergroup comparison did not show statistical
significance. Two groups of HD patients exhibited reduced CV in the median nerve compared to the HCs. The HD-RLS
patients also demonstrated prolonged distal motor latency and slowed conduction velocity in the ulnar nerve, along with
decreased CMAP amplitude in both the median and ulnar nerves, as indicated in Table 2. Both groups of HD patients
showed varying degrees of axonal degeneration and demyelination, with greater lower extremity involvement observed
in the HD-RLS patients.

Both groups of HD patients exhibited slower bilateral peroneal nerve CV compared to the HCs in terms of sensory
nerve conduction. The HD-RLS patients demonstrated a more pronounced decrease and displayed prolonged DSL.
Furthermore, within the HD-RLS patients, there was an elongation observed in superficial peroneal nerve DSL and
a reduction in CV, specifically on the left side. Both sides of sural nerve and superficial peroneal nerves exhibited
decreased SNAP amplitudes in the HD-nRLS patients. (Table 3).

Table 2 Comparison of the Motor Nerve Conduction Parameters in the Study Population

Nerve Variables HD-RLS(n=20) | HD-nRLS (n=33) | HCs (n = 30) | P-value
Tibial(left) DML (ms) 3.97+0.56* 3.57+0.45 3.43+0.68° 0.008
CMAP amplitude (mV) | 9.69+3.14 10.44+2.72° 13.85+3.59¢ <0.001
CV (mfs) 38.77+3.27° 43.09+3.94° 45.70%3.25°¢ <0.001
Tibial(right) DML (ms) 4.00+0.82° 3.55+0.62 3.3620.51° 0.007
CMAP amplitude (mV) | 10.04+2.61 10.44+3.34° 14.1243.63¢ <0.001
CV (m/s) 38.49+3.13° 42.7313.16° 44.81+2.58° 0.001
Common peroneal (left) DML (ms) 4.3940.95* 3.89+0.47° 3.21£0.50° <0.001
CMAP amplitude (mV) | 2.89+1.44 2.68£1.17° 4.84%1.62° <0.001
CV (m/s) 38.61+2.97% 42.37+2.80° 44.8143.64° <0.001
(Continued)
Journal of Multidisciplinary Healthcare 2024:17 https: 5253

Dove!


https://www.dovepress.com
https://www.dovepress.com

Lv et al Dove

Table 2 (Continued).

Nerve Variables HD-RLS(n=20) | HD-nRLS (n=33) | HCs (n = 30) | P-value
Common peroneal (right) | DML (ms) 4.03+0.69 3.8320.61° 3.24+0.39° <0.001
CMAP amplitude (mV) | 3.78+1.78 3.3621.36° 4.60+1.65° 0.024
CV (mis) 38.83+3.81° 41.89+3.80° 44.79+2.61° 0.001
Median DML (ms) 2.02+0.32 1.88+0.25 1.91+0.29 0.222
CMAP amplitude (mV) | 8.52+1.85 8.38+2.66° 9.82+2.03 0.054
CV (m/s) 42.36+6.83 42.19£891° 48.76+3.07° 0.001
Ulnar DML (ms) 2.88+0.32* 2.52+0.32 2.53+0.37¢ 0.001
CMAP amplitude (mV) | 7.52£1.62 7.24%1.59° 823+1.84 0.100
CV (m/s) 51.71+4.32° 55.81+5.79 55.06+3.25¢ 0.011

Note: one-way analysis of variance (ANOVA) a:HD-RLS VS HD-nRLS P<0.05 b:HD-nRLS VS HCs P<0.05 c:HCs VS HD-RLS P<0.05.
Abbreviation: DSL, distal sensory latency;SNAP, sensory nerve action potential;CV, conduction velocity; DML, distal motor latency; CMAP,
compound muscle action potential; CV, conduction velocity.

Table 3 Comparison of the Sensory Nerve Conduction Parameters in the Study Population

Nerve Variables HD-RLS(n=20) | HD-nRLS (n=33) | HCs (n = 30) | P-value
Sural(left) DSL (ms) 2.01£0.27 1.85+0.26 1.76+0.29° 0.020
SNAP amplitude (mV) | 19.56+8.47 18.72+10.87° 24.79£10.10 0.079
CV (m/s) 49.54+5.21* 53.72¢4.32° 56.27+5.67¢ <0.001
Sural(right) DSL (ms) 1.90+0.35 1.74+0.29 1.61£0.26° 0.009
SNAP amplitude (mV) | 18.08+8.58 15.93£10.23° 21.31+9.64 0.142
CV (m/s) 50.01£5.59° 55.18+4.86° 58.30+£5.81°¢ <0.001
Superficial peroneal(left) DSL(ms) 2.19+0.34 2.05+031° 1.87+0.26° 0.003
SNAP amplitude (mV) | 17.10£6.73 16.43£6.95° 21.13+8.43 0.067
CV (m/s) 44.14+4.59* 48.9614.61° 53.49+391° <0.001
Superficial peroneal(right) | DSL (ms) 2.1940.36* 1.98+0.26 1.8440.21°¢ <0.001
SNAP amplitude (mV) | 13.43£6.13 16.35+8.82° 21.62+7.87¢ 0.004
CV (m/s) 45.965.35" 50.27+6.42 51.57+4.72¢ 0.005

Note: one-way analysis of variance (ANOVA) a:HD-RLS VS HD-nRLS P<0.05 b:HD-nRLS VS HCs P<0.05 c:HCs VS HD-RLS P<0.05.
Abbreviation: DSL, distal sensory latency;SNAP, sensory nerve action potential;CV, conduction velocity.

F-Waves

Bilateral tibial nerve F waves showed prolonged minimum, maximum, and mean latencies in both groups of HD patients.
Nevertheless, these alterations were particularly noticeable in patients with HD-RLS. These changes were more
pronounced in HD-RLS patients. Notably, the HD-RLS group had a significantly longer FWD than the HCs. No
statistically significant difference in FWD was found between HD-nRLS patients and HCs and no differences were
observed between the three groups in F-wave amplitude and CMAPD.

The minimum latency, maximum latency, and mean latency of the F wave of the median nerve were longer in the HD-
RLS patients than in the HCs. In addition, the minimum latency, maximum latency, and mean latency of the F wave of
the ulnar nerve in the HD-RLS patients were also longer than those in the HD-nRLS patients and the HCs. The FWD of
both median and ulnar nerves was prolonged in the HD-RLS patients, while no statistically significant difference was
found between the HD-nRLS patients and the HCs. No significant differences were found between the three experimental
groups in terms of F-wave amplitude and CMAPD. (Table 4).

The HD-RLS patients had significantly higher FWD/CMAPD ratios for the bilateral tibial nerves, median nerves, and ulnar
nerves compared to the HD-nRLS patients and the HCs. There was no statistically significant difference in the FWD/CMAPD
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Table 4 Comparison of the F-Wave Parameters in the Study Population

F-wave | Variables HD-RLS(n=20) | HD-nRLS (n=33) | HCs (n = 30) | P-value
Tibial Minimum latency (ms) 54.28+4.82% 48.35+4.17° 45.94+3.36° <0.001
(left) Maximum latency (ms) 58.03+4.74° 51.89+4.54° 48.57+3.28° <0.001
Mean latency (ms) 55.97+4.49° 49.86+4.32° 47.22+3.21° <0.001
Maximum amplitude (mV) | 331.9£152.2 329.7£164.3 342.0£110.6 0.951
Duration (ms) 28.94+2.55% 15.70+3.01 16.37+2.21° <0.001
CMAP duration(ms) 15.74%1.79 15.19£2.15 15.53+2.17 0.626
FWD/CMAPD 1.85+0.26° 1.05+0.27 1.06£0.10¢ <0.001
Tibial Minimum latency (ms) 54.80+4.50% 48.89+4.52° 46.54+3.21° <0.001
(right) Maximum latency (ms) 58.33+5.45° 52.314.74° 49.37+3.02° <0.001
Mean latency (ms) 56.35+4.59% 50.32+4.54° 47.93+3.03¢ <0.001
Maximum amplitude (mV) | 388.8+155.4 329.6x142.1 363.2+124.1 0.361
Duration (ms) 28.08+2.91* 15.82+2.68 16.25%2.11°¢ <0.001
CMAP duration(ms) 15.59+2.05 14.71£2.09 14.81+2.15 0.499
FWD/CMAPD 1.84+0.26* 1.08+0.26 1.1240.23¢ <0.001
Median Minimum latency (ms) 27.48+1.44 26.45+2.35° 24.69+1.74° <0.001
Maximum latency (ms) 30.42%1.52 29.13+2.73 28.21+2.31°¢ 0.009
Mean latency (ms) 28.96+1.53° 27.61+2.38° 26.22+1.87¢ <0.001
Maximum amplitude (mV) | 234.6£96.9 230.3x101.5 237.4154.7 0.958
Duration (ms) 17.15+4.01* 12.11x1.44 11.59+1.46° <0.001
CMAP duration(ms) 14.93+1.61* 13.46+1.88 13.30+2.03¢ 0.009
FWD/CMAPD 1.16£0.317 0.91£0.11 0.87+0.07¢ <0.001
Ulnar Minimum latency (ms) 28.09+1.73* 25.80+1.53° 24.56+2.34° <0.001
Maximum latency (ms) 30.81+1.96* 28.27+1.80 27.66+2.63¢ <0.001
Mean latency (ms) 29.46+1.82° 26.98+1.47 26.01£2.31° <0.001
Maximum amplitude (mV) | 308.8+86.5 276.0+87.2 290.1£84.1 0.438
Duration (ms) 17.3243.32* 12.78+1.79 12.92+1.94° <0.001
CMAP duration(ms) 16.13x1.97 15.01£1.94 14.95+2.47 0.127
FWD/CMAPD 1.08+0.21° 0.860.11 0.87+0.10° <0.001

Note: CMAP duration=compound muscle action potential duration;FWD/CMAPD =f-wave duration/compound muscle action
potential duration. One-way analysis of variance (ANOVA) a:HD-RLS VS HD-nRLS P<0.05 b:HD-nRLS VS HCs P<0.05 c:HCs VS
HD-RLS P<0.05.

ratio between the HD-nRLS patients and the HCs. The area under the curve (AUC) for the diagnosis of RLS using FWD/
CMAPD of the left tibial nerve was 0.967, with a sensitivity of 95.0% and a specificity of 93.9%. The AUC for the diagnosis of
RLS by FWD/CMAPD of the right tibial nerve was 0.973, with a sensitivity of 95.0% and a specificity of 87.8%. When
diagnosing RLS using FWD/CMAPD of the median nerve, the AUC value was 0.792, with a sensitivity of 70.0% and specificity
0f96.9%. Similarly, The AUC for the diagnosis of RLS using FWD/CMAPD of the ulnar nerve was 0.825, with a sensitivity of
75.0% and specificity of 93.9%. (Table 5)

Table 5 Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value for the Studied Parameters in 20 HD

Patients with RLS

Parameters AUC Sensitivity | Specificity PPV NPV Cutoff P-value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) value

Tibial FWD/CMAPD(left) 0.967 95.0% 93.9% 90.4% 96.8% 1.41 <0.001

Tibial FWD/CMAPD(right) 0.973 95.0% 87.8% 82.6% 96.6% 1.36 <0.001

Median FWD/CMAPD 0.792 70.0% 96.9% 93.3% 84.2% 1.06 <0.001

Ulnar FWD/CMAPD 0.825 75.0% 93.9% 88.2% 86.1% 1.02 <0.001

Abbreviations: AUC, area under the curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive value; CMAPD, compound muscle
action potential duration; FWD, F-wave duration.
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Discussion

The pathogenesis of RLS may be related to spinal cord hyperactivity. Spinal cord hyperexcitability can be caused by
changes in sensory neurons, motor neurons, or other neurons.'*'® In studies of patients with primary RLS, it has been
suggested that FWD/CMAPD ratio could serve as a diagnostic tool for RLS. FWD is generally regulated by two types of
neurons: small-diameter slow-conducting neurons and large-diameter fast-conducting motor neurons.'” In patients with
RLS, prolonged FWD is thought to be related to reduced inhibition of small-diameter motoneurons by inhibitory
interneurons (Renshaw cells) in the midbrain dopaminergic cell cluster A11.'7'® Prolonged FWD suggests increased
motor neuron excitability in RLS patients, while a significant increase in the FWD/CMAPD ratio may indicate changes
in the regulation of motor neurons in the spinal cord.

The results of our investigation indicate that the FWD/CMAPD ratio of bilateral tibial nerves is a very sensitive and
specific diagnostic tool for identifying RLS. The left tibial nerve has a sensitivity of 95.0% and a specificity of 93.9%; the
right tibial nerve has a sensitivity of 95.0% and a specificity of 87.8%. In contrast, the FWD/CMAPD ratio of median and
ulnar nerves displays higher specificity but slightly lower sensitivity in diagnosing RLS. Congiu et al discovered
wonderful disparities within the FWD within the higher and lower limbs and the ratio of FWD/CMAPD among sufferers
with RLS patients and the HCs. The tibial nerve FWD and ratio of FWD/CMAPD have proven an excessive level of
sensitivity and specificity within the analysis of RLS. On the other hand, the ulnar nerve FWD and ratio of FWD/
CMAPD exhibited decreased sensitivity but maintained an excessive level of specificity. Nevertheless, none of the
subjects showed altered nerve conduction study data.” Similar research found no variations in motor and sensory nerve
conduction between RLS patients and the HCs. Patients with RLS had prolonged FWD of the tibial and ulnar nerves and
an increased FWD/CMAPD ratio.® *Our study found that the F-wave latency of bilateral tibial, median, and ulnar nerves
in HD-RLS patients was extended compared to HD-nRLS patients, albeit with low sensitivity and specificity for RLS
diagnosis. The FWD/CMAPD ratio possesses greater diagnostic significance and may correlate with motor conduction
anomalies in HD-RLS patients.

In our investigation, HD patients had slower motor and sensory nerve CV, as well as decreased CMAP and SNAP
amplitudes, which indicated the presence of PN. ESRD patients frequently develop PN with pure axonal sensory-motor

neuropathy and mixed sensory-motor neuropathy being the most common kinds,'"*°

especially when the lower limbs are
more affected. A study of PN in HD patients discovered that 100% of the group with clear clinical symptoms had
multiple neuropathies, whereas 92.5% of the group without obvious clinical symptoms did. The group with evident
clinical symptoms had prolonged motor nerve DML, low CMAP amplitude, and a delayed CV; sensory nerve responses
were absent, with decreased amplitude or prolonged latency, and a slowed CV.?° Our study revealed similar findings,
with both groups of HD patients exhibiting prolonged DML and decreased CV in the tibial nerve and common peroneal
nerve, particularly more pronounced in the HD-RLS patients. Additionally, the CMAP amplitude decreased in both
patient groups. In HD-RLS patients, there was a deceleration of the median nerve and ulnar nerve CV in the upper limbs,
while CMAP amplitude decreased in HD-nRLS patients. This shows that HD patients have PN in both upper and lower
limbs, and the lesions in HD-RLS patients are more severe.

The correlation between RLS and PN or polyneuropathy (PNP) is a subject of contention. A meta-analysis found that
the occurrence of RLS in patients with PN/PNP ranged from 5.2% to 53.7%, while the occurrence of PN in patients with
RLS ranged from 0% to 87.5%.>' Multiple investigations have verified a significantly greater occurrence of PN in
patients with RLS.**?* The prevalence of RLS in patients with various PNP etiologies varies significantly across studies.
The occurrence rate of RLS in HD patients with PN ranges from 6.6% to 46.6%,%°2® which is higher than that of the
HCs. The occurrence rate of RLS in patients with diabetic PN/PNP ranges from 10.6% to 40.3%.?" Additionally, the
occurrence rates of RLS associated with PNP-related diseases include systemic sclerosis at 40.7%>’ and rheumatoid
arthritis at 25%,° both higher than those in the control group at 4.9% and 4%, respectively. There is a certain correlation
between PN and RLS, but the pathophysiological mechanism remains unclear. Lanza et al suggest that the pathophysiol-
ogy of RLS may be associated with various mechanisms, such as central inhibitory weakening and peripheral nerve
dysfunction.’ Building on these findings, Gemignani proposed a model for the mechanism of RLS as a disorder of the
flexor reflex circuit,’’ wherein abnormal peripheral sensory input can trigger spinal excitability upregulation/
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sensitization, resulting in premature activation of motor patterns during rest. In our study, HD patients have PN in both
upper and lower limbs, which may be related to the increased prevalence of RLS.

The HD-RLS patients had prolonged FWD in the nerves of both upper and lower limbs, in contrast to the HD-nRLS
patients and HCs. However, there was no significant statistical distinction between the HD-nRLS patients and HCs.
These findings indicate that the excitability of spinal motor neurons was heightened in the spinal cord of individuals with
HD-RLS. Previous research has demonstrated that the symptoms of RLS patients are linked to the dysfunction of the
dopaminergic system,”? and that iron is a critical cofactor for tyrosine hydroxylase, the rate-limiting enzyme for
dopamine synthesis.>*> MRI phase image approaches has demonstrated a notable decrease in iron accumulation in the
thalamus and dentate nucleus among individuals with idiopathic RLS when compared to the HCs.>* Additionally, HD-
RLS patients exhibit diminished iron deposition in the striatum and cerebellum compared to those with HD-nRLS, and
this comparatively reduced iron deposition may correlate with an elevated risk of RLS in HD patients.*® The study of
cerebral blood flow (CBF) in HD patients showed increased blood flow in the left medial frontal gyrus and bilateral
thalamus and decreased blood flow in the left insular cortex compared to normal controls. Compared with HD-nRLS
patients, HD-RLS patients showed increased CBF in the right primary motor cortex, suggesting abnormal perfusion of
the sensorimotor cortex and basal ganglia associated with altered iron deposition.*® The studies indicate that dysfunction
in the subcortical and/or cortical regions leading to reduced descending spinal cord inhibition may be
a pathophysiological mechanism of RLS. The significant increase in the FWD/CMAPD ratio supports the notion that
the regulation of spinal motor neurons was altered.

Conclusion

HD Patients in both groups experienced peripheral neuropathy, and the HD-RLS group had more profound lesions in the
lower extremities. The bilateral tibial nerve ratio of FWD/CMAP provides a superior level of specificity and sensitivity in
diagnosing HD-RLS. The ratio of FWD/CMAPD can serve as an adjunct diagnostic tool for HD-RLS.

Funding
This work is supported by Zhejiang Province Medical and Health Science and Technology (Grant number:
2023KY1100).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Allen RP, Picchietti DL, Garcia-Borreguero D, et al. Restless legs syndrome/Willis-Ekbom disease diagnostic criteria: updated International
Restless Legs Syndrome Study Group (IRLSSG) consensus criteria--history, rationale, description, and significance. Sleep Med. 2014;15:860-873.
doi:10.1016/j.sleep.2014.03.025

2. Massey TH, Robertson NP. Restless legs syndrome: causes and consequences. J Neurol. 2020;267:575-577. doi:10.1007/s00415-019-09682-6

3. Giannaki CD, Hadjigavriel M, Lazarou A, et al. Restless legs syndrome is contributing to fatigue and low quality of life levels in hemodialysis
patients. World J Nephrol. 2017;6:236-242. doi:10.5527/wjn.v6.i5.236

4. Hamed SA, Abdulhamid SK, El-Hadad AF, Fawzy M, Abd-Elhamed MA. Restless leg syndrome in patients with chronic kidney disease: a
hospital-based study from Upper Egypt. Int J Neurosci. 2023;133:257-268. doi:10.1080/00207454.2021.1910256

5. Allen RP, Picchietti D, Hening WA, et al. Restless legs syndrome: diagnostic criteria, special considerations, and epidemiology. A report from the
restless legs syndrome diagnosis and epidemiology workshop at the National Institutes of Health. Sleep Med. 2003;4:101-119. doi:10.1016/S1389-
9457(03)00010-8

6. Abdulhadi IG, Al-Mahdawi AM, Hamdan FB. Electrophysiological findings in patients with restless legs syndrome. Sleep Med. 2021;87:151-157.
doi:10.1016/j.sleep.2021.09.012

7. Congiu P, Fantini ML, Milioli G, et al. F-Wave Duration as a Specific and Sensitive Tool for the Diagnosis of Restless Legs Syndrome/
Willis-Ekbom Disease. J Clin Sleep Med. 2017;13:369-375. doi:10.5664/jcsm.6482

8. Isak B, Uluc K, Salcini C, Agan K, Tanridag T, Us O. A neurophysiological approach to the complex organisation of the spine: f-wave duration and
the cutaneous silent period in restless legs syndrome. Clin Neurophysiol. 2011;122:383-390. doi:10.1016/j.clinph.2010.07.005

9. Lanza G, Bachmann CG, Ghorayeb I, Wang Y, Ferri R, Paulus W. Central and peripheral nervous system excitability in restless legs syndrome.
Sleep Med. 2017;31:49-60. doi:10.1016/j.sleep.2016.05.010

10. Czesnik D, Howells J, Bartl M, et al. I(h) contributes to increased motoneuron excitability in restless legs syndrome. J Physiol. 2019;597:599—-609.
doi:10.1113/JP275341

Journal of Multidisciplinary Healthcare 2024:17 hetps: 5257

Dove:


https://doi.org/10.1016/j.sleep.2014.03.025
https://doi.org/10.1007/s00415-019-09682-6
https://doi.org/10.5527/wjn.v6.i5.236
https://doi.org/10.1080/00207454.2021.1910256
https://doi.org/10.1016/S1389-9457(03)00010-8
https://doi.org/10.1016/S1389-9457(03)00010-8
https://doi.org/10.1016/j.sleep.2021.09.012
https://doi.org/10.5664/jcsm.6482
https://doi.org/10.1016/j.clinph.2010.07.005
https://doi.org/10.1016/j.sleep.2016.05.010
https://doi.org/10.1113/JP275341
https://www.dovepress.com
https://www.dovepress.com

Lv et al Dove

11.

17.

18

20.

21.

22.

23.

24.

25.

26.

217.
28.

29.

30.

31

33.

34.

35.

36.

Aggarwal HK, Sood S, Jain D, Kaverappa V, Yadav S. Evaluation of spectrum of peripheral neuropathy in predialysis patients with chronic kidney
disease. Ren Fail. 2013;35:1323-1329. doi:10.3109/0886022X.2013.828261

. Sharon D, Allen RP, Martinez-Martin P, et al. Validation of the self-administered version of the international Restless Legs Syndrome study group

severity rating scale - The sIRLS. Sleep Med. 2019;54:94—-100. doi:10.1016/j.sleep.2018.10.014

. Denislic M, Tiric-Campara M, Resic H, et al. A neurophysiological study of large- and small-diameter nerve fibers in the hands of hemodialysis

patients. /nt Urol Nephrol. 2015;47:1879—-1887. doi:10.1007/s11255-015-1117-7

. Dafkin C, Green A, Olivier B, McKinon W, Kerr S. Circadian variation of flexor withdrawal and crossed extensor reflexes in patients with restless

legs syndrome. J Sleep Res. 2018; 27:¢12645.

. Gunduz A, Metin B, Metin SZ, et al. Lower limb flexor reflex: comparisons between drug-induced akathisia and restless legs syndrome. Neurosci

Lett. 2017;641:40-44. doi:10.1016/j.neulet.2017.01.042

. McNeil CJ, Butler JE, Taylor JL, Gandevia SC. Testing the excitability of human motoneurons. Front Hum Neurosci. 2013;7:152. doi:10.3389/

fnhum.2013.00152
Mesrati F, Vecchierini MF. F-waves: neurophysiology and clinical value. Neurophysiol Clin. 2004;34:217-243. doi:10.1016/j.neucli.2004.09.005

. Alvarez FJ, Fyffe RE. The continuing case for the Renshaw cell. J Physiol. 2007;584:31-45. doi:10.1113/jphysiol.2007.136200
19.

Jasti DB, Mallipeddi S, Apparao A, Vengamma B, Sivakumar V, Kolli S. A Clinical and Electrophysiological Study of Peripheral Neuropathies in
Predialysis Chronic Kidney Disease Patients and Relation of Severity of Peripheral Neuropathy with Degree of Renal Failure. J Neurosci Rural
Pract. 2017;8:516-524. doi:10.4103/jnrp.jnrp_186_17

Ezzeldin N, Abdel Galil SM, Said D, Kamal NM, Amer M. Polyneuropathy associated with chronic hemodialysis: clinical and electrophysiological
study. Int J Rheum Dis. 2019;22:826-833. doi:10.1111/1756-185X.13462

Jimenez-Jimenez FJ, Alonso-Navarro H, Garcia-Martin E, Agundez JAG. Association between restless legs syndrome and peripheral neuropathy:
a systematic review and meta-analysis. Eur J Neurol. 2021;28:2423-2442. doi:10.1111/ene.14840

Tasdemir M, Erdogan H, Boru UT, Dilaver E, Kumas A. Epidemiology of restless legs syndrome in Turkish adults on the western Black Sea coast
of Turkey: a door-to-door study in a rural area. Sleep Med. 2010;11:82-86. doi:10.1016/j.sleep.2008.10.008

Gupta R, Ulfberg J, Allen RP, Goel D. High prevalence of restless legs syndrome/Willis Ekbom Disease (RLS/WED) among people living at high
altitude in the Indian Himalaya. Sleep Med. 2017;35:7-11. doi:10.1016/j.sleep.2017.02.031

Ferreira KF, Eckeli A, Dach F, Schwalbach MT, Schwalbach J, Speciali JG. Prevalence of restless legs syndrome in patients with chronic pain in
Maputo, Mozambique. Sleep Med. 2013;14:1417-1418. doi:10.1016/j.sleep.2013.06.021

Fereshtehnejad SM, Rahmani A, Shafieesabet M, et al. Prevalence and associated comorbidities of restless legs syndrome (RLS): data from a large
population-based door-to-door survey on 19176 adults in Tehran, Iran. PLoS One. 2017; 12:e0172593.

Stefanidis I, Vainas A, Dardiotis E, et al. Restless legs syndrome in hemodialysis patients: an epidemiologic survey in Greece. Sleep Med.
2013;14:1381-1386. doi:10.1016/j.sleep.2013.05.022

Jurcic D, Bilic A, Schwarz D, et al. Clinical course of uremic neuropathy in long-term hemodialysis. Coll Antropol. 2008;32:771-775.
Bhowmik D, Bhatia M, Gupta S, Agarwal SK, Tiwari SC, Dash SC. Restless legs syndrome in hemodialysis patients in India: a case controlled
study. Sleep Med. 2003;4:143—146. doi:10.1016/S1389-9457(03)00005-4

Ostojic P, Jovic T, Stojic B. Restless legs syndrome in patients with systemic sclerosis. Prevalence and possible causes. Z Rheumatol.
2013;72:590-593. doi:10.1007/s00393-013-1145-6

Salih AM, Gray RE, Mills KR, Webley M. A clinical, serological and neurophysiological study of restless legs syndrome in rheumatoid arthritis. Br
J Rheumatol. 1994;33:60—63. doi:10.1093/rheumatology/33.1.60

. Gemignani F. Restless legs syndrome from the spinal cord perspective: a flexor reflex circuitopathy? J Sleep Res. 2018; 27:¢12704.
32.

Salminen AV, Winkelmann J. Restless Legs Syndrome and Other Movement Disorders of Sleep-Treatment Update. Curr Treat Options Neurol.
2018;20:55. doi:10.1007/s11940-018-0540-3

Kulaszynska M, Kwiatkowski S, Skonieczna-Zydecka K. The Iron Metabolism with a Specific Focus on the Functioning of the Nervous System.
Biomedicines. 2024;12.

Li X, Allen RP, Earley CJ, et al. Brain iron deficiency in idiopathic restless legs syndrome measured by quantitative magnetic susceptibility at 7
tesla. Sleep Med. 2016;22:75-82. doi:10.1016/j.sleep.2016.05.001

Wang H, Han X, Jin M, et al. Different iron deposition patterns in hemodialysis patients with and without restless legs syndrome: a quantitative
susceptibility mapping study. Sleep Med. 2020;69:34—40. doi:10.1016/j.sleep.2019.12.024

Wang H, Han X, Jin M, et al. Cerebral blood flow alterations in hemodialysis patients with and without restless legs syndrome: an arterial spin
labeling study. Brain Imaging Behav. 2021;15:401-409. doi:10.1007/s11682-020-00268-9

Journal of Multidisciplinary Healthcare Dove

Publish your work in this journal

The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-multidisciplinary-healthcare-journal

5258 n ] in u Dove Journal of Multidisciplinary Healthcare 2024:17


https://doi.org/10.3109/0886022X.2013.828261
https://doi.org/10.1016/j.sleep.2018.10.014
https://doi.org/10.1007/s11255-015-1117-7
https://doi.org/10.1016/j.neulet.2017.01.042
https://doi.org/10.3389/fnhum.2013.00152
https://doi.org/10.3389/fnhum.2013.00152
https://doi.org/10.1016/j.neucli.2004.09.005
https://doi.org/10.1113/jphysiol.2007.136200
https://doi.org/10.4103/jnrp.jnrp_186_17
https://doi.org/10.1111/1756-185X.13462
https://doi.org/10.1111/ene.14840
https://doi.org/10.1016/j.sleep.2008.10.008
https://doi.org/10.1016/j.sleep.2017.02.031
https://doi.org/10.1016/j.sleep.2013.06.021
https://doi.org/10.1016/j.sleep.2013.05.022
https://doi.org/10.1016/S1389-9457(03)00005-4
https://doi.org/10.1007/s00393-013-1145-6
https://doi.org/10.1093/rheumatology/33.1.60
https://doi.org/10.1007/s11940-018-0540-3
https://doi.org/10.1016/j.sleep.2016.05.001
https://doi.org/10.1016/j.sleep.2019.12.024
https://doi.org/10.1007/s11682-020-00268-9
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Subjects
	Electrophysiological Tests
	Statistical Analysis

	Results
	Demographics and Clinical Characteristics
	Nerve Conduction Study
	F-Waves

	Discussion
	Conclusion
	Funding
	Disclosure

