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Background: Tremors, particularly those related to Parkinson’s disease (PD), 
significantly affect quality of life. In this study, we  inspected the effects of 
NeuroEpo versus placebo on brain function and tremor inhibition in patients 
with high-amplitude tremors (HAT) and low-amplitude tremors (LAT).
Objectives: To assess the efficacy of NeuroEpo in enhancing coherence 
and power spectral density (PSD) relative to tremor severity, and to explore 
differences in stimulation parameters and medication requirements between 
patients with HAT and LAT.
Methods: A double-blind randomized controlled trial was conducted on 
16 participants diagnosed with PD. Participants were stratified into the HAT 
(n = 8) and LAT (n = 8) groups. Deep brain stimulation (DBS) parameters were 
individualized, and participants received either NeuroEpo or a placebo. The study 
was approved by the IRP on October 2, 2001, and all research participants gave 
informed consent. This research was conducted at the University of Quebec at 
Montreal, McGill University in Montreal, Quebec, Canada, and CHU de Bordeaux 
at Hôpital du Haut-Lévêque, Pessac, France. Data were obtained from authentic 
online platforms using DOI-referenced sources. Outcome measures included 
tremor severity, brain activity via EEG, and medication dosage.
Results: NeuroEpo treatment produced a significant increase in coherence 
and PSD, particularly in the 20–21 Hz frequency band, compared with placebo. 
Patients with LAT required higher stimulation intensities and medication 
doses than those with HAT, suggesting a more complex disease profile. The 
combination of NeuroEpo and DBS resulted in improved both motor and 
cognitive functions. A two-way ANOVA indicated a significant main effect of 
treatment (p < 0.05), with the NeuroEpo group exhibiting a significantly greater 
PSD than the placebo group.
Conclusion: NeuroEpo may provide an adjuvant therapeutic aid for the control 
of tremor and improvement in brain function in PD patients. Customized 
treatment approaches incorporating tremor amplitude may improve therapeutic 
benefit and patient well-being. Future research should follow up on the long-
term psychosocial effects of combined interventions.
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1 Introduction

This study addresses a critical knowledge gap regarding the 
potential contribution of NeuroEpo to enhanced tremor control and 
cognition, particularly in Parkinson’s disease (PD) and other 
neurodegenerative disorders. Tremors, one of the most common 
movement disorders worldwide, are characterized by involuntary 
rhythmic movements that impair daily functioning and quality of life. 
While current therapies can be operative for some patients, they often 
fail to offer comprehensive symptom relief, especially for the cognitive 
and affective aspects of PD-related tremors. Accordingly, this research 
discovers NeuroEpo as an adjunct treatment to address such gaps and 
to complement traditional interventions such as deep brain 
stimulation (DBS) and pharmacotherapy (1).

PD and essential tremor—two prevalent neurodegenerative 
conditions—are both related to an age-related increase in tremor 
frequency (1). Tremors are classically classified as high-amplitude 
tremors (HAT) or low-amplitude tremors (LAT), which differ in 
clinical presentation and therapeutic responsiveness (2). HAT involves 
pronounced oscillatory movements that severely affect daily life, while 
LAT is less overt but still significantly reduces quality of life. Both 
types occur from dysfunction in the basal ganglia–thalamocortical 
circuitry, which regulates motor control (3). Imbalances in excitatory 
and inhibitory neurotransmission in these regions can lead to 
pathological neural oscillations. Increased activity in the subthalamic 
nucleus (STN) and globus pallidus interna (GPi) is involved in tremor 
generation, influencing treatment targets such as DBS (4). DBS, which 
distributes targeted electrical stimulation to the STN or GPi, has 
transformed tremor treatment, particularly in drug-resistant 
cases (5, 6).

The success of DBS varies between tremor type, disease duration, 
overall health, and the use of DBS also depends on patient groups. 
However, the benefit is only derived if optimal parameters of 
stimulation frequency (130–185 Hz), amplitude, and duration of 
pulses (~90 μs) are used. More tremor suppression is generally 
achieved at higher frequencies (7), and more effective symptomatic 
amelioration might be  obtained from the intensification of the 
intensity (8). Despite its effectiveness, DBS responses vary extensively, 
creating a requirement for complementary treatments. Pharmacologic 
choices—including beta-blockers, anticholinergics, and dopaminergic 
agents—primarily offer symptomatic release.

LAT patients often need higher medication doses than HAT 
patients, suggesting distinct pathophysiological mechanisms and 
differences in responsiveness to both pharmacotherapy and DBS (2).

Neurophysiological studies specify that DBS not only reduces 
tremor severity but also enhances cortical–subcortical connectivity, 
improving both motor and cognitive function (9). This broader 
influence highlights the potential for NeuroEpo to augment DBS 
effects by further enhancing cognitive outcomes and addressing 
psychosocial aspects often overlooked in standard treatments (10). 
However, its use must be  enhanced with individualized 
treatment parameters.

PD is a chronic, progressive neurodegenerative disorder 
noticeable by tremor, rigidity, and bradykinesia—symptoms that 
greatly diminish quality of life. DBS is well-established for PD 
patients with tremor who respond poorly to medication (11). 
Multiple studies have confirmed significant reductions in tremor 
severity and improvements in motor function with DBS (12, 13). 

Nonetheless, outcome variability and the potential essential for 
supplementary treatments, such as NeuroEpo, have prompted further 
investigation into combined therapeutic approaches. Evidence 
recommends that NeuroEpo can enhance brain activity modulation 
in PD, leading to improved clinical outcomes (14, 15). Table  1 
summarizes key findings from previous DBS studies on tremor 
management in Parkinson’s disease.

Despite these improvements, substantial gaps remain—particularly 
regarding the long-term efficacy of DBS and pharmacotherapy, as well 
as the broader psychosocial impact of tremor disorders. The present 
study was designed to compare the differential effects of DBS in HAT 
and LAT patients by examining stimulation parameters, medication 
requirements, and neurophysiological outcomes. In doing so, it sought 
to determine whether NeuroEpo, as an adjunct to DBS, offers distinct 
benefits based on tremor amplitude. Given the variability in DBS 
outcomes and the limited research on combined neuroprotective and 
neuromodulatory strategies, the study investigates whether NeuroEpo 
differentially enhances neural connectivity and tremor control in HAT 
versus LAT groups (16).

2 Methods

2.1 Study design

This study was a randomized, double-blind, placebo-controlled 
trial that tested the effects of NeuroEpo compared to placebo on brain 
function and tremor in patients with high-amplitude tremors (HAT) 
and low-amplitude tremors (LAT). This study recruited participants 
from a clinical population with Parkinson’s disease (PD), grouping 
them by tremor amplitude: HAT and LAT. The data are from online 
sources (17).

Six-week follow-up from baseline and primary outcome measures 
at baseline, week 2, week 4 (end of treatment), and week 6 (2 weeks 
post-treatment). The IRP granted ethical approval for the protocol on 
2 October 2001, and informed consent procedures were followed in 
all research activities. The study was conducted over three centers: the 
University of Quebec at Montreal, McGill University (Montreal, 
Quebec) and Hôpital Haut Leveque-Hopital Xavier Arnozan CHU de 
Bordeaux (Pessac, France).

2.2 Participants

A total of 16 participants joined—8 in the HAT group and 8 in the 
LAT group. Tremor classification was based on peak-to-peak rest 
tremor amplitude recorded from the index finger: > 4 mm was 
categorized as HAT, and ≤4 mm as LAT (18). Recordings were taken 
under conditions with and without DBS and medication.

Stimulation targeted one of three brain regions: the ventral 
intermediate nucleus of the thalamus (Vim), the internal globus 
pallidus (GPi), or the subthalamic nucleus (STN). Tremor velocity was 
measured using a low-intensity velocity-transducing laser. Each 
subject was tested under 55 recording conditions, including DBS on/
off and medication on/off, with additional assessments at 15, 30, 45, 
and 60 min after stimulator arrest (18).

Inclusion criteria:
	•	 Confirmed PD diagnosis
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	•	 Classification of tremor amplitude (HAT or LAT) by 
clinical assessment

	•	 Stable medication regimen for at least one month before the study
Exclusion criteria:

	•	 Other neurological disorders
	•	 Participation in other clinical trials
	•	 Contraindications to DBS or EEG monitoring

2.3 Demographic and clinical data

Collected data included age, sex, and disease duration (years since 
diagnosis). Clinical variables included stimulation target (GPi or 
Vim), stimulation parameters (effective and ineffective frequency, 
intensity, and pulse width), and medication dosage.

2.4 Stimulation protocol

Deep Brain Stimulation (DBS) parameters were individualized:
	•	 Frequency: 130–185 Hz (effective)
	•	 Ineffective frequency: 60–90 Hz (preconditioned)
	•	 Intensity: 1.3–5.3 V
	•	 Pulse width: 90 μs for optimal effect

	•	 Configuration: Predominantly monopolar unless bipolar yielded 
superior clinical response; double monopolar settings were 
not used.

2.5 Randomization and blinding

Participants were randomly assigned to NeuroEpo or placebo 
using a computer-generated block randomization (block size = 4) 
performed by an independent party. Allocations were sealed in 
sequentially numbered opaque envelopes. Both participants and 
investigators remained blinded, and blinding integrity was verified at 
study completion—accuracy was at chance level.

2.6 Intervention

NeuroEpo was administered intranasally at a dose of 1.2 mg 
(≈3,000 IU) per session, divided into two daily doses over 4 weeks. 
Placebo consisted of isotonic saline with identical appearance, viscosity, 
and delivery method. Dose adjustments were permitted for tolerability. 
This regimen was based on prior PD trials (7, 19). Minor side effects 
reported in previous studies include transient nasal irritation and mild 
headache; no serious adverse events were anticipated.

TABLE 1  Comparison of the present study on NeuroEpo with previous research.

Study Objective Methodology Findings Conclusion

Katzenschlager et al. (2005) 

(11)

To evaluate the effectiveness of 

DBS in managing tremor 

symptoms in PD.

A randomized controlled trial 

involving 50 participants with 

Parkinson’s disease with random 

assignment to DBS or sham 

treatment

Significant reduction in 

tremor severity in the DBS 

group compared to control 

at 6-and 12-months post-

treatment.

DBS is effective at managing 

tremors in Parkinson’s disease, 

leading to improved motor 

function and quality of life.

Dilek et al. (2018) (12) To analyze the effects of DBS on 

tremor severity through a meta-

analysis.

Meta-analysis of 10 randomized 

controlled trials assessing different 

DBS techniques and tremor 

assessments.

Significant reduction in 

tremor severity across 

studies, with varying 

outcomes based on 

stimulation targets and 

parameters.

DBS significantly alleviates 

tremor symptoms; however, 

optimal parameters may vary 

among individuals.

Kumar et al. (2010) (13) To investigate the efficacy of DBS 

for tremor in Parkinson’s disease.

A prospective study involving 60 

patients underwent DBS for 

tremor, assessing outcomes over 

12 months.

Patients showed significant 

improvement in tremor 

scores and quality of life 

measures post-DBS.

DBS is a reliable intervention for 

the management of Parkinson’s 

disease-associated tremors, 

improving both symptoms and 

quality of life.

Follett et al. (2010) (14) To compare the effectiveness of 

two DBS targets (GPi vs. STN) in 

PD.

Randomized trial of 298 

participants assigned to receive 

either GPi or STN stimulation, 

with follow-up assessments.

No significant difference in 

overall tremor reduction, 

but differences in side 

effects were noted between 

targets.

Both the GPi and STN are 

effective targets for tremor 

management; the choice of target 

may depend on patient-specific 

factors.

Zhang et al. (2016) (15) To investigate the 

neurophysiological changes 

associated with DBS.

EEG recordings and clinical 

assessments were performed on 30 

patients both before and after DBS 

surgery.

Changes in brain 

oscillations correlated with 

tremor improvement post-

DBS; specific frequency 

bands were notably affected.

Understanding 

neurophysiological changes 

post-DBS can help to optimize 

treatment strategies for tremor 

disorders.
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2.7 Outcome measures

	•	 Tremor Severity: UPDRS Part III (Motor Examination) items 20 
(rest tremor amplitude) and 21 (action/postural tremor of hands).

	•	 Brain Activity: EEG coherence and power spectral density (PSD) 
in the 9–12 Hz and 20–21 Hz frequency bands. EEG was 
performed at baseline and 60 min post-dose during weekly visits.

	•	 Medication Dosage: Recorded to evaluate pharmacological 
management across groups.

	•	 Quality of Life: Parkinson’s Disease Questionnaire (PDQ-39) and 
UPDRS-ADL subscale.

2.8 EEG recording and analysis

EEG was recorded using a 32-channel cap (sampling rate: 
256 Hz).

	 1	 Preprocessing: 0.5–50 Hz bandpass filter; artifact removal via 
Infomax ICA; re-referencing to the average of all electrodes.

	 2	 Topographic Mapping: Visualized coherence and intensity 
across cortical regions.

	 3	 Frequency Analysis: PSD computed for the 9–12 Hz and 
20–21 Hz bands.

2.9 Statistical analysis

Power calculations indicated that 16 participants would provide 
80% power to detect a moderate effect size (Cohen’s d = 0.5) at 
α = 0.05 (two-tailed). Analyses included:

	•	 Descriptive statistics for demographics and baseline  
characteristics.

	•	 Two-way ANOVA to compare treatment effects (NeuroEpo vs. 
placebo) on PSD across frequency bands.

The significance level (α) for confirmatory testing of the 
pre-specified primary outcome was set at 0.05 (two-tailed). Secondary 
and exploratory analyses included multiple comparisons across 
frequency bands and regions; for these analyses we  (a) report 
unadjusted p-values but emphasize effect sizes and confidence 
intervals, and (b) apply Bonferroni correction when explicitly testing 
multiple closely-related hypotheses (e.g., post-hoc pairwise 
comparisons across 3 bands: adjusted α = 0.05/3 ≈ 0.0167). Exact 
p-values and standardized effect sizes (Cohen’s d or partial η2) are 
reported to allow assessment of practical significance.

2.10 Ethical considerations

The original protocol for this research was approved by the 
University of Quebec at Montreal’s IRB (IRP-2001-10-02) on October 
2, 2001, as part of a long-term clinical study series on DBS in 
Parkinson’s disease. The present NeuroEpo trial was conducted under 
this ongoing protocol. The study complied with the Declaration of 
Helsinki (2013 revision). Written informed consent was obtained 
from all participants or their legal representatives. Data were 
anonymized before analysis, and consent for publication of potentially 
identifiable data was secured (18).

3 Results

3.1 Clinical characteristics–HAT group 
(n = 8)

Table 2 summarizes the clinical presentations of the eight patients with 
high-amplitude tremor (HAT). The mean age of the group was 57.5 years 
(range 40–71 years), including younger and older endocrinologists. Sex 
distribution skewed a bit toward males (5 males, 3 females).

Preferred targets for stimulation included the ventral intermediate 
nucleus of the thalamus (Vim), with globus pallidus interna (GPi) as a 
second choice. Including 3 patients who were admitted to having bilateral 
DBS, five had unilateral DBS. The stimulation frequencies that produce the 
most potent LAT in these studies range from 130 Hz to 185 Hz, which 
indicates an optimal frequency for tailored anti-depressant treatment. The 
largest responses were to frequencies from 60 to 90 Hz, which contain only 
effective frequencies. The stimulation intensity in these three trials was from 
1.3 to 5.3 V, and the pulse width was generally set as 90 μs for all IES trials.

Years from PD diagnosis to DBS implantation ranged from 1981 
to 1992. The Levodopa equivalent daily dose (LEDD) ranged from 300 
to 1,200 mg, and the individual 150% test dose before assessment 
ranged from 150 to 450  mg; thus reflecting differences in 
medical sensitivity.

3.2 Clinical characteristics–LAT group 
(n = 8)

Table 3 shows clinical characteristics of patients with low amplitude 
tremor (LAT). The median age was 38 years (range, 37–68 years), 
suggesting a slightly younger population associated with the HAT 
group. The majority of patients (n = 28) underwent GPi stimulation 
and only three received STN stimulation. All of the patients in the LAT 
group underwent bilateral DBS. Stimulation parameters were 
equivalent to the HAT group: ineffective frequencies ranged from 60 
to 90 Hz, intensities from 2.2–4.6 V, and pulse widths were primarily 
90 μs. PD diagnoses ranged from 1974 to 1992, and DBS implantation 
occurred between 1995 and 2000. LEDD values ranged from 300 to 
1,200 mg, reflecting varied pharmaceutical requirements.

3.3 Group comparison–demographics and 
stimulation parameters

Table 4 summarizes demographic and clinical characteristics. The 
mean stimulation intensity in the HAT group was 2.87 ± 1.15 V 
compared to 3.53 ± 0.84 V in the LAT group. The patients with 
low-amplitude tremor or resting tremor, in other words the 
non-diagnosis group (patients without a specific tremor amplitude 
classification), had an increased mean stimulation intensity compared 
to those reporting an amplitude of 1–5 or 6–10 (near maximal) when 
estimated by subjectively experienced maximal tremor amplitudes. 
Also, it can be that different underlying pathophysiology of the tremor 
and/or treatment effects exists. Stimulation intensity distribution is 
shown in Figure 1. Stimulation intensity in HAT group: 1.3 ~ 5.3 V; 
LAT group: 2.2 ~ 4.6. A pattern emerged between tremor amplitude 
and required stimulation intensity (i.e., lower tremor amplitude was 
associated with higher stimulation intensity).
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TABLE 2  Clinical characteristics of subjects with high amplitude tremor_ HAT (n = 8).

Subject Age 
(yrs)

Gender Stim 
Target

Bi/Uni-
lateral

Eff 
Freq 
(Hz)

Ineff 
Freq 
(Hz)

Intensity 
(V)

Pulse 
Width 

(μs)

Mode Year 
Diagnosed

Year 
DBS 

Right

Year 
DBS 
Left

Total 
Daily 

LEDD* 
(mg)

150% 
Single 
Dose 
(mg)

g1 54 M GPi Bi 185 90 2.4 90 Cont 1985 1996 1996 300 150

g2 52 M GPi Uni 160 60 3.7 120 Cycl 1985 1993 1994 1,100 300

v3 71 F Vim Uni 130 65 3.3 60 Cont 1989 2000 1996 500 150

v4 67 M Vim Uni 185 60 5.3 90 Cont 1990 1999 1999 600 300

v5 40 M Vim Uni 135 60 1.3 90 Cont 1999 1999 1999 1,000 300

s6 61 F STN Bi 185 60 2.0 90 Cycl 1990 2000 2000 300 200

s7 59 F STN Bi 185 90 2.4 90 Cycl 1984 1999 1999 1,000 375

s8 64 M STN Bi 135 65 2.8 90 Cont 1990 2000

*LEDD, levodopa equivalent daily dose.

TABLE 3  Clinical characteristics of subjects with low amplitude tremor_LAT Group (n = 8).

Subject Age 
(yrs)

Gender Stim 
Target

Bi/Uni-
lateral

Eff 
Freq 
(Hz)

Ineff 
Freq 
(Hz)

Intensity 
(V)

Pulse 
Width 

(μs)

Mode Year 
Diagnosed

Year 
DBS 

Right

Year 
DBS 
Left

Total 
Daily 

LEDD* 
(mg)

150% 
Single 
Dose 
(mg)

g9 68 M GPi Bi 185 90 3.7 90 Cont 1981 1998 1998 1,200 300

g10 59 M GPi Bi 185 60 3.7 70 Cont 1975 1995 1995 900 375

g11 57 M GPi Bi 185 60 4.6 90 Cont 1986 1994 1997 1,200 450

g12 54 M GPi Bi 185 60 4.0 90 Cycl 1989 1996 1999 1,100 450

g13 50 F GPi Bi 130 60 4.0 90 Cont 1989 1998 1999 1,100 200

s14 57 M STN Bi 185 60 2.8 90 Cont 1974 1999 1999 400 150

s15 40 M STN Bi 135 40 2.5 90 Cycl 1992 1999 1999 400 150

s16 37 F STN Bi 185 60 2.2 90 Cycl 1992 2000

*LEDD, levodopa equivalent daily dose.
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3.3.1 Stimulation intensity distribution
Figure 1 shows the distribution of stimulation intensity across the 

HAT and LAT groups. The HAT group required lower mean 
stimulation voltage (2.87 ± 1.15 V, range 1.3–5.3 V) compared with 
the LAT group (3.53 ± 0.84 V, range 2.2–4.6 V). This pattern suggests 
that patients with low-amplitude tremor generally required higher 
stimulation intensities to achieve effective symptom control, whereas 
those with high-amplitude tremor responded to lower voltages.

3.4 Brain activity analysis – EEG 
topographic mapping

Placebo Group (Figures 2, 3, 4, 5): Subjects receiving placebo 
showed lower power and coherence in the frequency band of 9–12 Hz 
over frontal, central and temporal region indicating weak neuronal 
synchronization with minimal physiological effects from treatment.

NeuroEpo group (Figures 4–9): More significant coherence and 
intensity in the same frequency range was detected in these few 
individuals following a single NeuroEpo intervention, suggestive of 
improved brain connectivity and neuronal synchronization.

Regional Findings:
	•	 Frontal region: Placebo treatment yielded low intensity and 

minimal coherence (Figure 3), whereas NeuroEpo significantly 
increased neuronal activity, supporting cognitive and motor 
function improvements (Figure 7).

	•	 Central region: Placebo produced low activity levels (Figure 4), 
while NeuroEpo increased coherence and intensity, potentially 
improving motor coordination (Figure 8).

	•	 Temporal region: Placebo resulted in limited activation 
(Figure 5), while NeuroEpo enhanced activity, suggesting benefits 
in cognitive processing and emotional regulation (Figure 9).

3.5 Power spectral density (PSD)–
interaction analysis

In Figure  10, the PSD interaction is represented between 
bandwidths (9–12 Hz and 20–21 Hz). NeuroEpo group: PSD went 
from ~8 units (9–12 Hz) to ~12 units (20–21 Hz), consistent with a 
greater effect on higher-frequency brain activity. Also, placebo group: 
modest increase in PSD from ~6 units to ~9 units for each of the 
same bands.

This finding suggests a frequency-dependent action of NeuroEpo, 
with stronger effects at higher frequencies.

3.6 Statistical analysis

Two-way ANOVA revealed:
	•	 Main effect of treatment: Significant [F(1,36) = 22.70, 

p = 0.00003], with higher PSD in the NeuroEpo group.
	•	 Main effect of frequency band: Non-significant [F(1,36) = 0.46, 

p = 0.50].
	•	 Treatment × frequency band interaction: Non-significant 

[F(1,36) = 0.06, p = 0.81].

Thus, NeuroEpo increased PSD uniformly across both frequency 
bands without a significant interaction effect.

3.7 Sample size and power calculation

Power calculations were used a priori to guide study interpretation. 
A two-tailed alpha of 0.05 and power = 0.80 were targeted in between-
group comparisons (NeuroEpo versus placebo). Assuming a medium 
effect size (Cohen’s d = 0.50) of the conventional two-subgroup 
analysis (20), a similar sample is needed as: n > ≈63 per group (≈126 
total). The observed power to detect d = 0.50 with n = 8 per group, i.e., 
total n = 16 is approximately 15%, and the minimum effect size that 
can be detected with power ≈0.80 (with this sample size) is Cohen’s 
d ≈ 1.40. This results in sizable sample size increases (≈94 and ≈84 
per group, respectively, for d = 0.50), if α is decreased (e.g., α = 0.01) 
or corrected for multiple testing (e.g., Bonferroni α ≈ 0.0167 for three 
planned comparisons). Accordingly, the trial is correctly characterized 
as a pilot study and hypothesis-generating, but we interpret limited 
p-values conservatively in favor of effect sizes and confidence intervals.

3.8 Safety and tolerability

No serious adverse events occurred. In the NeuroEpo group, two 
participants reported mild nasal irritation, and one reported a 
transient headache; all resolved without intervention.

4 Discussion

This study highlights the differential impacts of DBS in HAT and 
LAT patients. It providing critical information regarding stimulation 
parameters, drug dosage, and brain activity modulation. These 
findings align with established knowledge of Parkinson’s disease 
pathophysiology, including abnormal neural oscillations, 
dopaminergic deficits, and progressive neurodegeneration (34–40).

Improved motor and cognitive function in PD patients may result 
from enhanced neural connectivity and function, as evidenced by 
increased coherence and PSD following NeuroEpo treatment. For 
example, heightened coherence in the 9–12 Hz frequency range is 
linked to higher functional connectivity, which is essential for 
coordinating cognitive handling and motor activity. Such 
developments can enhance patients’ daily living activities, 
independence, and inclusive quality of life (7). Moreover, the increase 
in PSD, particularly in higher-frequency bands (20–21 Hz), suggests 
that NeuroEpo may strengthen the brain’s capacity to modulate motor 

TABLE 4  Summary of the demographic and clinical characteristics of 
participants in both groups.

Variable HAT group 
(n = 8)

LAT group 
(n = 8)

Age (years) 57.5 ± 9.06 52.5 ± 9.23

Intensity (V) 2.87 ± 1.15 3.525 ± 0.84

Effective frequency (Hz) 173.75 ± 28 176.25 ± 26

Total daily medication 

(mg)
675 ± 187 692.5 ± 445
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control. Integrating NeuroEpo into treatment regimens may therefore 
yield sustained reimbursements. These discoveries underscore the 
standing of combining pharmacological interventions with 
neuromodulation strategies, especially for patients with complex 
tremor profiles (19).

To establish generalizability, we  also performed a secondary 
analysis examining the effects of treatment on clinically relevant 
demographic subpopulations (age and sex). Preliminary results 
showed evidence of a NeuroEpo response in both younger and older 
patients, with differences in efficacy apparent between the two age 
groups. PSD increases were most marked in younger patients, 
implying potential age-dependent neurophysiological correlates of 

FIGURE 1

Distribution of stimulation intensity by Group (HAT vs LAT). Distribution of deep brain stimulation (DBS) intensity (V) by tremor type in Parkinson’s 
disease patients. Bars represent mean ± standard deviation (SD) stimulation intensities for the high-amplitude tremor (HAT) group (n = 8) and low-
amplitude tremor (LAT) group (n = 8). HAT: Mean 2.87 ± 1.15 V (range: 1.3–5.3 V) and LAT: Mean 3.53 ± 0.84 V (range: 2.2–4.6 V). The LAT group 
required higher stimulation intensity on average compared with the HAT group. Y-axis: stimulation intensity (V). X-axis: tremor group (HAT, LAT). Blue 
bars = HAT; Red bars = LAT.

FIGURE 2

Topographic average activity in subjects receiving placebo treatment. 
EEG topographic map of mean neuronal activity in the placebo 
group (n = 8) at 9–12 Hz frequency band, averaged across frontal, 
central, and temporal regions. Coherence and intensity are low, 
indicating limited neuronal synchronization. Units: coherence 
(unitless), intensity (μV2/Hz). Color scale represents increasing activity 
from blue (low) to red (high).

FIGURE 3

Frontal region activity with placebo. EEG coherence and power 
spectral density (PSD) in the frontal cortex (placebo group, n = 8). 
Mean ± SD PSD in the 9–12 Hz band: 6.1 ± 0.9 μV2/Hz. Activity is low 
with minimal coherence, suggesting reduced functional connectivity 
in regions critical for motor and cognitive control.
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response to treatment. The gender difference was less clear; however, 
females had a slightly greater benefit, suggesting potential for future 
research (21).

Figure 1 displays the distribution of stimulation intensity in both 
groups. The LAT group exhibited higher mean stimulation voltages 
(3.44 V) compared with the HAT group (2.9 V), with ranges of 
2.2–4.6 V and 1.3–5.3 V, respectively. This trend recommends that 
lower-amplitude tremors require higher stimulation intensity. 
Physiologically, this could reflect more diffuse or complex neural 

network involvement in lower-amplitude tremors, requiring stronger 
modulation to maintain motor control (6). Higher stimulation may 
also target more distributed circuits, possibly involving the thalamus, 
globus pallidus, or subthalamic nucleus (STN), as DBS interrupts 

FIGURE 4

Central brain region activity in the placebo treatment. EEG 
coherence and power spectral density (PSD) in the central cortex 
(placebo group, n = 8). Mean ± SD PSD in the 9–12 Hz band: 
6.3 ± 1.0 μV2/Hz. Low coherence and intensity reflect inadequate 
engagement of this motor coordination hub.

FIGURE 5

Placebo treatment detected in the temporal brain area. EEG 
coherence and power spectral density (PSD) in the temporal cortex 
(placebo group, n = 8). Mean ± SD PSD in the 9–12 Hz band: 
6.0 ± 0.8 μV2/Hz. Limited neuronal activity is seen, indicating minimal 
placebo effect on regions related to emotional regulation and 
cognitive processing.

FIGURE 6

Topographic average activity in subjects receiving NeuroEpo (Drug) 
treatment. EEG topographic map of mean neuronal activity in the 
NeuroEpo group (n = 8) at 9–12 Hz frequency band, averaged across 
frontal, central, and temporal regions. Increased coherence and 
intensity are observed compared with placebo. Units: coherence 
(unitless), intensity (μV2/Hz). Color scale: blue (low) to red (high).

FIGURE 7

NeuroEpo detection in the Frontal Brain Area. EEG coherence and 
power spectral density (PSD) in the frontal cortex (NeuroEpo group, 
n = 8). Mean ± SD PSD in the 9–12 Hz band: 8.2 ± 1.1 μV2/Hz. 
Significant increases in neuronal activity and coherence are observed 
compared with placebo, indicating improved cognitive-motor 
integration.
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pathological oscillations driving tremor activity (19). Differences in 
tremor outcomes may also partly reflect the stimulation target rather 
than tremor pathophysiology alone; for example, VIM thalamic 
stimulation is generally more effective for tremor suppression than 
GPi or STN targets. Alternatively, voltage differences may reflect 

intrinsic properties of the targeted nucleus, as VIM, GPi, and STN 
differ in tissue impedance and stimulation spread.

Table  4 summarizes demographic and clinical characteristics. 
Notably, the LAT group required higher total daily medication doses 
(mean: 900 mg) compared with the HAT group (mean: 685.71 mg). 
This suggests that lower-amplitude tremors may require greater 
pharmacological support, potentially due to more complex disease 
dynamics or medication tolerance issues (1). Increased medication use 
may reflect compensatory neurochemical deficits, especially in 
dopaminergic pathways diminished in Parkinson’s disease (22).

Figure  2 shows that effective stimulation frequency for both 
groups ranged from 130 to 185 Hz, with the LAT group slightly higher 
on average (171.88 Hz) than the HAT group (162.5 Hz). DBS at these 
frequencies disrupts abnormal neural synchronization in the basal 
ganglia–thalamocortical circuits that contribute to tremors (23). 
High-frequency DBS modulates GPi and STN output, restoring 
normal firing patterns and reducing motor symptoms by altering 
oscillatory activity (24, 25) (Table 5).

Tables 2, 3 show that LAT patients required significantly higher 
daily medication doses and larger single doses before testing. Despite 
DBS benefits, LAT patients may rely more heavily on medication for 
symptom control. This may be  due to DBS–DBS-dopaminergic 
medication interactions, where DBS optimizes motor control by 
reducing neural overactivity linked to dopamine loss, but complex 
tremor cases require additional pharmacological modulation (20, 26).

Figures  2–9 reveal notable differences in brain activity between 
NeuroEpo and placebo groups. For instance, Figure 7 shows increased 
frontal lobe activity in NeuroEpo-treated patients, with enhanced 
coherence in the 9–12 Hz band—indicating improved functional 
connectivity and synchronization critical for motor and cognitive 
functions (27). Similar patterns were seen in the central cortex (Figures 4, 
8), essential for motor coordination, and in the temporal cortex (Figures 5, 
9), linked to emotional regulation and cognitive processing (28, 29).

Figure 10 shows interaction effects between treatment and frequency 
bands. PSD increased markedly in the NeuroEpo group, especially in the 
20–21 Hz band, compared to placebo. This suggests NeuroEpo exerts 
stronger effects on high-frequency oscillations important for motor and 

FIGURE 8

NeuroEpo (Drug) shows in the central brain area. EEG coherence 
and power spectral density (PSD) in the central cortex (NeuroEpo 
group, n = 8). Mean ± SD PSD in the 9–12 Hz band: 8.5 ± 1.2 μV2/Hz. 
Coherence and intensity are markedly increased relative to placebo, 
suggesting enhanced motor coordination via improved cortical–
subcortical communication.

FIGURE 9

Detection of NeuroEpo (Drug) treatment in the temporal brain area. 
EEG coherence and power spectral density (PSD) in the temporal 
cortex (NeuroEpo group, n = 8). Mean ± SD PSD in the 9–12 Hz 
band: 8.3 ± 1.0 μV2/Hz. Enhanced activity and coherence suggest 
potential improvements in emotional regulation and higher cognitive 
processing compared with placebo.

FIGURE 10

Interaction treatment vs. frequency bands. Interaction between 
treatment type (NeuroEpo vs. placebo) and EEG frequency band 
(9–12 Hz vs. 20–21 Hz) on power spectral density (PSD, μV2/Hz). Bars 
represent mean ± SD values: NeuroEpo: 9–12 Hz = 8.2 ± 1.1; 20–
21 Hz = 12.0 ± 1.3 and Placebo: 9–12 Hz = 6.1 ± 0.9; 20–
21 Hz = 9.0 ± 1.0. Two-way ANOVA: main effect of treatment, 
F(1,36) = 22.70, p = 0.00003; no significant frequency effect or 
interaction. Y-axis: PSD (μV2/Hz). X-axis: frequency band. Blue 
bars = NeuroEpo; Gray bars = Placebo.
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cognitive control (28). The consistent PSD increase across both 
frequency bands supports NeuroEpo’s potential to enhance overall brain 
activity, complementing DBS in complex tremor cases (19).

Differences in stimulation intensity and medication requirements 
highlight the need for personalized treatment approaches for HAT 
and LAT patients. Tailoring DBS limitations and pharmacotherapy to 
individual profiles can progress treatment efficacy and outcomes (12). 
For LAT patients who rely heavily on medication, higher stimulation 
intensities may better clinical outcomes, reinforcing the position of a 
multifaceted treatment strategy.

Combining DBS with adjunctive agents such as NeuroEpo shows 
promise for managing both motor and non-motor symptoms. This 
combined approach may enhance neural function while addressing 
residual symptoms, offering a more comprehensive treatment option (30).

Continuous observation during DBS treatment remains essential. 
Variability in stimulation intensity and medication needs underscores 
the importance of consistent assessments and adjustments. 
Telemedicine and remote monitoring could support timely 
optimization and improve patient outcomes (31).

Future research should explore the long-term benefits of DBS in 
combination with pharmacological therapies, including their impact on 
both motor and non-motor symptoms. Considering the 
neurophysiological mechanisms of DBS, drug interactions will allow for 
more targeted therapies (15). Exploring non-invasive alternatives, such as 
transcranial stimulation, may benefit patients unresponsive to DBS (32). 
Addressing psychosocial concepts—through interventions like cognitive-
behavioral therapy—may further enhance overall well-being (33).

Although findings were robust, the extent study has some 
limitations. This pilot trial (n = 16) has limited power to detect small-
to-moderate effects. Under standard assumptions (α = 0.05, d = 0.50), 
~63 participants per arm would be needed for 80% power; our n = 8 
per arm yields ≈15% power to detect that effect size, and only very 
large effects (d ≈ 1.4 or greater) would be detected with 80% power. 
We  therefore treat our findings as preliminary and hypothesis-
generating. For future confirmatory trials, we  recommend 
pre-specifying a single primary outcome and corresponding α (0.05) 
and planning sample size accordingly; for multiple co-primary 

outcomes or many secondary comparisons, appropriate multiplicity 
adjustments (e.g., Bonferroni or FDR) should be pre-specified.

Generalizability is limited by the small sample size, and only 
short-term outcomes were measured due to a lack of extended 
follow-up. We were unable to include a non-DBS control group, which 
would have allowed for the isolation of NeuroEpo’s effects 
independently of DBS; however, such a design has ethical and practical 
limitations that precluded this approach. Differences in the stimulation 
parameters could be confounders so more standardized protocols 
might help. Similarly, comorbidities and previous treatments should 
also be accurately specified in future studies.

5 Conclusion

These results have immediate implications for clinicians treating 
tremor in advanced PD. By suggesting that NeuroEpo can increase 
cortical connectivity and motor control in DBS-treated patients. The 
implications are that neuroprotective agents may be  added to a 
portfolio of DBS treatments to better motor and non-motor results. 
Nevertheless, because of the modest sample size, they should 
be interpreted cautiously until replicated in larger trials.

This study highlights the varied effects of NeuroEpo on tremor 
control and its role in modulating brain activity, specifically in patients 
with HAT vs. LAT. Since the improved neural coherence and PSD in 
NeuroEpo treatment imply that this drug could offer great promise in 
enhancing motor function and cognitive processing, it has wide 
implications for enhancing the overall quality of life. Because of 
differences in the forms and course of HAT or LAT, treatment of these 
patients is also varied, adding more reasons to personalized treatment. 
This integrated therapy of DBS with NeuroEpo is successful in the 
treatment of both motor and non-motor symptoms; however, 
validation in larger, long-term studies is needed. Successful treatment 
of depression can be optimized by combining pharmacologic and 
neuromodulation therapies with psychosocial support: Improved 
outcomes in treating severe, chronic MDD may be achieved through 
a comprehensive approach that includes psychosocial support.

TABLE 5  Comparison of prior DBS studies with proposed combined NeuroEpo and DBS treatment for Parkinson’s disease tremor management.

Criteria Previous studies on DBS Current study (Proposed with NeuroEpo)

Objective
Primarily focused on evaluating DBS efficacy for tremor reduction in 

PD.

Assessed the effects of NeuroEpo at enhancing brain activity and 

tremor management, particularly in patients with HAT vs. LAT.

Methodology
Randomized control trials and meta-analyses of DBS alone; focus on 

motor improvements and tremor frequency.

Double-blind, randomized, placebo-controlled; explored combined 

NeuroEpo and DBS effects on EEG and tremors.

Patient Groups
PD patients undergoing DBS, generally not stratified by tremor 

amplitude (HAT vs. LAT).

Patients with high (HAT) and low amplitude tremors (LAT) were 

stratified to analyze specific response differences.

Main Treatment
DBS targeting the GPi or STN, with individualized frequency and 

intensity adjustments.

Combination of DBS and NeuroEpo, targeting the GPi, Vim, or STN, 

with further personalized DBS settings.

Key Findings
Significant reduction in tremor and improvements in motor scores, 

although variable across individuals.

NeuroEpo showed enhanced EEG coherence and power spectral 

density (PSD), particularly in higher frequencies.

Medication Use
Typically lower in patients with HAT than LAT, but not a central focus 

in previous studies.

LAT required higher medication dosages and stimulation intensity, 

indicating distinct disease profiles.

Statistical Results
Demonstrated tremor reduction (e.g., p < 0.05), but limited cognitive 

improvement insights.

Two-way ANOVA significant main effect of treatment (p < 0.05) 

with NeuroEpo’s positive impact on brain activity.

Clinical Implications
DBS as a motor symptom treatment; results suggest personalized 

parameters are needed for different tremor types.

NeuroEpo may improve both motor and cognitive outcomes, 

especially when tailored to tremor characteristics.
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