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,is study was to investigate the value of ultrasound technology based on the bilateral filtering noise elimination algorithm in
evaluating the neuroprotective effect of monosialoganglioside in ketamine-anesthetized Parkinson’s disease patients.,e research
subjects were 75 patients with Parkinson’s disease admitted to the hospital. ,e patients were randomly divided into three groups
according to different treatment methods: A (GM1+ ketamine anesthesia group), B (conventional treatment + ketamine an-
esthesia group), and C (GM1+nonketamine anesthesia group), with 25 patients in each group. Twenty-five healthy people with
similar general data in the three groups (groups A, B, and C) were also selected as the control group (group D). All patients
underwent ultrasonography, and ultrasound images were processed using the bilateral filter noise elimination. Structural
similarity (SSIM), mean absolute error (MAE), and peak signal to noise ratio (PSNR) were used to evaluate the treatment effect.
Plasma phospholipids, the third part of the PD unified score scale, Montreal cognitive assessment scale, and other indicators were
analyzed and compared among the four groups. ,e bilateral filtering image noise was effectively suppressed, and the edge details
were kept well. Some of the weak edges and texture information in the image were eliminated, the visual effect was ideal, and the
accuracy of the edges of the picture remained good. ,e serotonin lipid level in group A was greatly lower than the serum
phospholipid level in group B after GM1 treatment (6.55 VS 7.84, P< 0.05). Compared with that before treatment, the serotonin
lipid level of group A patients decreased after the treatment, and the difference was considerable (7.46 VS 6.55, P< 0.05). In short,
GM1 had a protective effect on the nerves of patients with Parkinson’s disease anesthetized by ketamine.

1. Introduction

Parkinson’s disease, also known as paralysis tremors, is
another common neurodegenerative disease in addition to
Alzheimer’s disease and is a chronic neurodegenerative
disease [1]. According to the world survey of neurological
diseases, people about 0.3% of developed countries have
Parkinson’s disease [2]. Parkinson’s disease affects about one
percent of older people as they get older and about four
percent of older people between ages 60 and 80. Age is a

major risk factor for Parkinson’s disease. ,e specific onset
of Parkinson’s disease has its own characteristics. In addi-
tion, gender is a factor for Parkinson’s disease, which may be
related to female hormones [3, 4].

Ketamine, whose chemical name is chlorobenzene-
methyl amino cyclohexane, is a derivative of the phenyl
epoxy group, which is a kind of phencyclidine derivatives.
Originally synthesized to replace phencyclidine (PCP), it is
an effective n-methyl-d-aspartic acid (NMDA) receptor
blocker. In the 1970s, it was used clinically and widely in
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various operations requiring anesthesia [5]. Ketamine is not
only used in animals but also in the treatment of humans
during and after surgery. Ketamine is not only used in
anesthesia for Parkinson’s disease but also plays an im-
portant role in other neurological diseases [6].

Gangliosides (GLS) are a type of sialic acid glyco-
sphingolipids. It is found in all kinds of tissues in mammals,
mainly in the central nervous system, and it is high in the
brain. Astrocytes and oligodendrocytes also contain gan-
gliosides [7–9]. Ganglioside has four categories, namely,
single sialic acid ganglioside monosialotetrahex
osylganglioside (GM1), GD1a, GD1b, and GT1b. GM1 ac-
counts for the largest proportion and has been studied the
most [10]. GM1 consists of a hydrophobic ceramide and a
hydrophilic sugar chain and contains a molecule of sialic
acid [11]. Studies revealed that GM1 can play a neuro-
protective role in a variety of conditions, including the
survival of nerve cells, the promotion of synaptic growth of
nerve cells, the promotion of neuronal differentiation, and
the protection of various types of nerve cells [12].

,ere are many forms of diagnosis commonly used in
medical diagnosis, and B ultrasound is a very common
method. Ultrasonic imaging technology, X-ray diagnostic
technology, and isotope technology have been identified as
the three latest medical imaging technologies [13]. It is
widely used in the pathological diagnosis of cardiovascular
disease, the liver, spleen, gallbladder, pleura, and the other
parts of the human body and also plays an important role in
the diagnosis of fetal morphology in obstetrics department.
It has the advantages of radiation damage, economy, clear
imaging, and painless diagnosis. As an important optimi-
zation method for the B-ultrasonic imaging system, image
processing plays an important role in the image quality and
is directly related to the performance of the entire equipment
[14]. In the ultrasonic diagnostic device, there is the starting
receiving part of the front-end system, A/D conversion
module, and beam synthesis technology, which are ac-
companied by the image transmission module and opera-
tion. ,erefore, when the outcome is usually affected by
external noise, the generated images also affect doctors’
diagnosis [15]. ,e resolution of the image is reduced, the
image edge recognition is not clear, and the image quality is
affected, which will cause a great interference to the disease
diagnosis. Linear region filtering performs a weighted av-
erage calculation of pixels based on the gray value or position
relationship of block pixels. Spatial filtering has a com-
munication port, which also determines the filtering effect.
,e size of the communication port determines the quality
of the nearby relevant pictures. ,e finer the pixel, the better
the quality of the picture. At present, the most commonly
used is wavelet threshold noise elimination [16]. To optimize
the noise cancellation, the selection of wavelet threshold
noise cancellation is optimized, and the adaptive threshold
wavelet noise cancellation is proposed. Wavelet correlation
noise elimination correlates the wavelet coefficients of each
layer with the wavelet coefficients of the upper and lower
layers. However, the noise in the image does not have such a
relationship, and noise removal is performed through the
wavelet property of adjacent scales [17].

In this study, Parkinson’s patients were studied, and
ultrasound techniques based on bilateral filtered noise
elimination algorithms were used to diagnose patients. On
this basis, the neuroprotective effect of GM1 on ketamine-
anesthetized Parkinson’s disease patients was explored from
the plasma phospholipid level, the third part of the PD
unified scoring scale, Montreal cognitive assessment scale,
and other indicators, in order to provide reference and basis
for the treatment of related diseases in clinical practice.

2. Methods

2.1.ResearchObjects. ,e research subjects were based on 75
patients with Parkinson’s disease admitted to the hospital
from May 2019 to May 2021. Inclusion criteria: (i) patients
with Parkinson’s disease, (ii) brain imaging was performed
using ultrasound, (iii) patients with Parkinson’s disease
anesthetized by ketamine, (iv) patients had no other brain
disease, (v) patients had no other neurological disease.
Exclusion criteria: (i) nonparkinson’s disease; (ii) patients
under 25 years of age; (iii) patients with poor compliance;
(iv) patients with other brain diseases or complications other
than hydrocephalus (such as cerebral hemorrhage and en-
cephalitis). ,e patients were randomly divided into three
groups according to different treatment methods: A
(GM1+ ketamine anesthesia group), B (conventional
treatment + ketamine anesthesia group), and C
(GM1+nonketamine anesthesia group), with 25 patients in
each group. Twenty-five healthy people with similar general
data in the three groups (groups A, B, and C) were also
selected as the control group (group D). In this study, a total
of 100 Parkinson’s patients who met the above inclusion
criteria and exclusion criteria were included. ,is study had
been approved by the ethics committee of the hospital, and
all the families of the patients included in the study had
signed the informed consent.

2.2. Denoising Algorithm. ,e main idea of the bilateral
filtering noise elimination is using a weighted average of
nearby pixels very similar to Gaussian convolution. ,e
advantage of this algorithm is that it can smoothen and
maintain the flatness of the image edge, considering the
difference in the gray value of the bilateral filter at the
surrounding position points. To summarize the mechanism
of bilateral filtering, the gray value of a pixel depends on the
surrounding pixels. It is necessary that two pixels are not
only adjacent in the spatial position but also have similar
gray values. ,e bilateral filtering equation is as follows:

BF[I]P �
1

WP

􏽘
q∈s

Gσd
(‖p − q‖)Gσ , Ip − Iq􏼐 􏼑 · Iq. (1)

WP is the normalization factor, and the equation is as
follows:

Wp � 􏽘 Gσd
(‖p − q‖)Gσr Ip − Iq􏼐 􏼑. (2)

σd and σr are related to the image filter value. Gσd
acts on

the farther pixels and can reduce the influence of noise. Gσr
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affects adjacent pixels, which can also reduce the influence of
noise. ,e Gaussian function is used to define Gσd

and Gσr.
,ey are both spatial functions and functions to measure
pixels. ,e equations are expressed as follows:

Gσd
� e

− (1/2) d(p,q)/σd( )
2

,

Gσr � e
− (1/2)(δ(I(p),I(q))/σ)2

.

(3)

d(p, q) is the straight-line distance between two points on
the picture. δ(I(p), I(q)) is the pixel difference between two
points p and q; this difference affects the denoising ability of
the bilateral filter. ,e larger the σd, the more noise in the
image and the more blurred the image. Gσr is also calculated
in the same way, so the more noise, the more blurred the
image.

2.3. Ultrasound Image Noise Reduction Effect. ,e image
noise reduction effect is assessed by subjective evaluation
and objective evaluation. Subjective evaluation refers to
observing the noise reduction effect with the naked eye,
while the objective evaluation is indicated by data. SSIM is
the ratio of the same characteristics of the picture’s structure,
which shows the contrast of the quality and fineness of the
picture before and after compression. To calculate SSIM, it
needs to compare two pictures at the same time and calculate
the identity and difference between the two pictures. ,e
picture size is set to x and y, and the equation is as follows:

SSIM(x, y) �
2αxαy + c1􏼐 􏼑 2σxy + c2􏼐 􏼑

αxαy + c1􏼐 􏼑 σ2x + σ2y + c2􏼐 􏼑
. (4)

In the equation, the variance of the pixels in the window
is σ2, andC1 andC2 in the picture represent the average value
of the gray values of the pixels, that is, the dispersion of the
gray values of the pixels of the image. ,e larger the SSIM
value, which is the covariance of image blocks x and y, the
more similar the structural information between the noise-
removed image and the original image.

,e mean absolute error (MAE) and the peak signal to
noise ratio (PSNR) are calculated as follows:

PSNR � 10log10
2552 × M × N

􏽐
M
w�1 􏽐

N
e�1 |u(w, e) − f(w, e)

2􏼠 􏼡,

MAE �
􏽐

M
w�1 􏽐

N
e�1 |u(w, e) − f(w, e)

M × N
.

(5)

M×N represents the size of the image. u and f are the
original image and the noise-removed image, respectively.
,e higher the PSNR value, the smaller the MAE, and the
better the image noise reduction effect.

2.4. Clinical Observation Index Plasma Phospholipid Level.
,e test subjects were selected to detect the content of blood
phospholipids, and the results included the identification of
the quality of blood phospholipids. All subjects avoided
abnormal lifestyles the day before plasma phospholipids
were tested. Patients with menstrual period and fever needed

to delay detection until the recovery day. 5ml venous blood
was collected on fasting. After the blood was collected, the
blood was put into an anticoagulation test tube and cen-
trifugated for 20minutes (800 r/min). After centrifugation,
the phospholipids were quantified with 1ml of topmost
plasma. Blood phospholipids were determined by color-
imetry combined with a quantitative test of modified in-
organic phosphorus, and the test results were expressed in
unit u. ,e main steps were extracting the phospholipid,
detecting the concentration of the sample, separating,
staining, taking a water bath at 90°C for 5∼10minutes,
cooling it to room temperature, and determining the
quantity after 30minutes.

2.5. UPDRS-III Scoring. Patients in groups A and B received
the unified Parkinson’s disease rating scale part III (UPDRS-
III) before and after drug intervention, which includes the
following 14 aspects of language (score 0–4), facial ex-
pression, static signs, handshaking or postural signs, mus-
cular tension, symptoms of fingers and knees, hand
movements, rapid alternating hand movements, knee
bending, range of motion of lower limbs, lifting ability of
arms, stability of gait, slow bending position, and scores on
each side (score 0–4). ,e higher the score, the more de-
veloped the patient’s motor nerve.

2.6. MOCA Scale Examination. Patients in groups A and B
received the Montreal cognitive assessment scale (MOCA)
test before and after the drug intervention. MOCA consists
of the following components of visuospatial and executive
action (one to five), language function (a 6-point scale from
one to six that evaluates the patient’s language ability), di-
rections (on a scale of one to six), memory (on a scale of one
to six), sensitivity to numbers (on a scale of one to four), and
abstraction of graphics (on a scale of one to two). To assess
cognitive function and the degree of cognitive dysfunction,
the evaluation process was performed by two physicians
selected from the medical school.

2.7. Statistical Analysis. SPSS 20.0 was used for statistical
analysis. Normally distributed measurement data were
expressed as mean plus or minus standard deviation. One-
way analysis of variance was used for intergroup compar-
ison. An independent sample t-test was used for general
data. Paired sample t-test was used to compare lung LUS
scores of healthy volunteers at different time points. P< 0.05
meant that the difference was statistically considerable.

3. Results

3.1. Visual Comparison of Efficiency of Natural Noise Re-
duction and BF Image Noise Reduction. Different ultrasound
images were denoised in the natural image simulation ex-
periment. To obtain the noise image, the average value 0 and
Gaussian noise 0.002 were added to the test image, re-
spectively, and the noise reduction experiment was carried
out on the noise image. For the noise removal ability of BF,
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the subjective visual evaluation and objective evaluation
indicators MAE, PSNR, and MSSIM were used to evaluate
and analyze the image quality with reduced noise. ,e
parameters of each comparison model in the experiment
were set according to the best experimental results. ,e
subjective visual effects are shown in Figure 1, and the
comparison of objective evaluation performance indicators
is shown in Figure 2. Analysis of Figure 2 showed that the
values of MSSIM, PSNR/dB, and MAE of ultrasound images
processed by the BF noise reduction algorithm were 0.915,
32.7, and 4.2, respectively; the values of MSSIM, PSNR/dB,
and MAE of ultrasound images processed by the conven-
tional noise reduction algorithm were 0.86, 32, and 4.43,
respectively; and the values of MSSIM, PSNR/dB, and MAE
of original ultrasound images were 0.84, 31.75, and 4.66,
respectively. ,e performance of the BF noise reduction
algorithm in ultrasonic image processing was better than
that of the conventional noise reduction algorithm.

In the normal noise reduction process shown in Figure 1,
the edge information of the image was well preserved, but
the resulting noise had a poor visual effect. ,e BF pro-
cessing result had a good visual effect, the image noise was
effectively suppressed, and the edge details were maintained
well. Some weak edges and texture information in the image
were eliminated, the visual effect became better, and the
accuracy of the edges of the picture remained good.

3.2. Comparison of Plasma Phospholipid Levels in the Four
Groups of Subjects before Intervention. ,e blood phos-
pholipid levels of the four groups before the drug inter-
vention were measured and compared. ,e blood
phospholipid levels of the four groups before intervention
were 7.46, 7.88, 5.38, and 4.72, respectively (Figure 3). ,ere
was no considerable difference in blood phospholipid levels
between the two groups (P> 0.05).,e plasma phospholipid
levels of group A and group B were greatly higher than group
C. ,e level of blood phospholipids in group D was greatly
lower than in the first three groups. ,e results showed that
Parkinson’s patients had cell membrane damage, and their
blood phospholipid levels were higher than normal. ,e
increase in blood levels of small phospholipids in Parkin-
son’s patients was associated with the use of ketamine an-
esthesia. Plasma phospholipid concentrations were high in
ketamine-anesthetized Parkinson’s patients. ,erefore, the
plasma phospholipid level can be used as a potential bio-
chemical marker to study the early diagnosis of GM1 in
patients with Parkinson’s anesthesia with ketamine.

3.3. UPDRS-III and MOCA Scores of Patients in Groups A
and B before Intervention. Before treatment with GM1, AB
group patients were scored on the UPDRS-III and MOCA
scales. UPDRS-III andMOCA scores were 21.74 and 22.17 in
group A and 20.65 and 25.66 in group B, respectively. From
the comparison of the scores of group A and group B, there
was no considerable difference in UPDRS-III, and there was
a considerable difference in the interference of MOCA by
drugs (P> 0.05). It showed that the severity of motor
symptoms and cognitive dysfunction of the two groups of

patients before receiving the intervention was similar and
comparable (Figure 4).

3.4. UPDRS-III and MOCA Scores after GM1 Treatment of
KetamineAnesthesia in Parkinson’s Patients. After GM1 was
adopted to treat ketamine-anesthetized Parkinson’s patients,
the UPDRS-III and MOCA scores were recorded again and
compared with the previously measured ones (Figures 5 and
6). After treatment, the MOCA and UPDRS-III scores in
group A were 23.88 and 20.93, respectively, and the MOCA
and UPDRS-III scores in group B were 22.13 and 20.27,
respectively. In addition, the MOCA score was greatly
different between the two groups before and after GM1
treatment. Compared with that before treatment, theMOCA
score of group A was not greatly different from the previous
record (P> 0.05). Compared with that before GM1 treat-
ment, theMOCA score of group B decreased after treatment,
with a considerable difference (P< 0.05). At the end of
treatment, the MOCA score of group A increased greatly
(P< 0.05), and there was no considerable difference in
UPDRS-III scores. ,e results showed that GM1 can slow
down the speed of nerve paralysis in Parkinson’s patients
anesthetized by ketamine and have a protective effect on the
brain nerves of Parkinson’s patients. ,e specific results are
shown in Figure 7.

3.5. Plasma Phospholipid Levels of Two Groups of Patients
after GM1 Treatment of Ketamine Anesthesia for Parkinson’s
Patients. After six weeks of treatment, the blood phos-
pholipid levels of the AB groups were measured again. At the
end of treatment, the blood phospholipids of group A and
group B were 6.55 and 7.84, respectively (Figure 7). Com-
pared with the blood phospholipid level before GM1
treatment, the serotonin lipid level in group A was greatly
lower than the serum phospholipid level in group B after
GM1 treatment (P< 0.05). Compared with that before
treatment, the serotonin lipid level of patients in group A
decreased after treatment, and the difference was consid-
erable (P< 0.05). It showed that GM1 treatment can reduce
the serotonin lipid level and protect the cell membrane of
nerve cells.

4. Discussion

According to the World Survey of Neurological Diseases,
about 0.3% of developed countries have Parkinson’s disease.
With the increase of age, one percent of the elder people have
Parkinson’s disease, and four percent of the elder people
aged 60–80 have Parkinson’s disease. Age is a major risk
factor for Parkinson’s disease [18]. Anesthesia plays an
important role in the diagnosis and treatment of Parkinson’s
disease, but improper anesthesia can cause serious conse-
quences, and the whole body may have fatal reactions after
general anesthesia. ,e improper use of anesthesia also
causes irreversible damage to the central spirit of the brain.
During the rapid development of the brain, the number of
synapses is developing and maturing [19]. Finding a
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substance that protects nerves damaged by anesthesia in the
brain is crucial.

At present, the most common anesthetic drug in clinical
practice is ketamine. However, a large number of clinical
studies showed that ketamine anesthesia can induce neu-
ronal apoptosis in the developing brain, causing damage to
the patient’s brain and not conducive to the patient’s re-
covery. ,erefore, in recent years, scientists have been

working on excavating drugs that can reduce ketamine
toxicity. At present, some progress has been made in related
research. GM1 is one of the important substances that has
attracted much attention. GM1 consists of a hydrophobic
ceramide and a hydrophilic sugar chain, which contains a
molecule of sialic acid. Its hydrophilic groups are outside the
cell membrane, and the hydrophobic group GM1 plays a
variety of roles in the physiology and pathology of nerve

(a) (b) (c)

Figure 1: Visual comparison diagram after different methods of noise reduction processing. (a) original ultrasonic image; (b) conventional
noise reduction ultrasonic image; (c) BF noise reduction ultrasonic image.

4.66

4.43

4.2

31.75

32

32.7

0.84

0.86

0.9125

Untreated

Natural noise
reduction

BF model
noise reduction

MSSIM
PSNR/dB
MAE

5 10 15 20 25 30 350

Figure 2: Comparison of objective performance evaluation indicators corresponding to unprocessed, normal noise reduction, and BF noise
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Figure 3: Comparison of plasma phospholipid levels of subjects in groups A, B, C, and D before treatment.
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cells. A large number of biological and clinical studies in-
dicated that GM1 can not only effectively reduce the toxicity
of ketamine to the brain but also relieve parkinsonian
symptoms [20]. Although some progress has been made in
the current research on GM1 to reduce ketamine toxicity
and relieve parkinsonian symptoms, it is not comprehensive
and in-depth enough.

Many clinical studies suggested that Parkinson’s patients
mostly have metabolic disorders in the nervous system, with

abnormal deposition of iron, most significantly in the
substantia nigra. Transcranial ultrasound can detect
hyperechoic signals in the substantia nigra. Based on the
above characteristics, cranial ultrasound was widely used in
the diagnosis of Parkinson’s disease and the evaluation of
efficacy. With the more and more widespread use of ul-
trasound technology and the more and more profound
understanding of diseases [21], the quality requirements for
ultrasound images have been further improved. Traditional

Comparison of plasma phospholipid levels in groups

22.17

21.74
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20.65

Group A MoCA score
prior to intervention

Group A UPDRS-III
score prior to intervention
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score prior to intervention
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10 20 300

Figure 4: UPDRS-III and MOCA scores of patients in groups A and B before using GM1.
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Figure 5: Comparison of UPDRS-III and MOCA scores before and after treatment in group A. ∗P< 0.05 compared with that before
treatment.
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Figure 6: Comparison of UPDRS-III and MOCA scores before and after treatment in group B. ∗P< 0.05 compared with that before
treatment.
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image processing technology was unable to meet people’s
needs. In recent years, computer and Internet technology
has been continuously advanced and developed. Medical
image processing technology has also been greatly devel-
oped. Many image processing algorithms have emerged.
According to the characteristics of more noise in ultrasonic
images, the bilateral filtered noise elimination algorithm is
most widely used in the processing of ultrasonic images, for
example, the reconstruction of three-dimensional ultra-
sound images using bilateral filtering noise elimination al-
gorithms. However, there is little application of bilateral
filtered noise elimination algorithms in ultrasound image
processing in Parkinson’s patients [22].

In this study, Parkinson’s patients were selected as the
study subjects, and ultrasound technology based on the
bilateral filtered noise elimination algorithm was used to
diagnose the patients and explore the neuroprotective
effect of GM1 in ketamine-anesthetized Parkinson’s dis-
ease patients on this basis. It was found that the processing
results of BF have a good visual effect, the image noise is
effectively suppressed, the details of the edge are well
maintained, some weak edges and texture information in
the image are eliminated, the visual effect becomes better,
and the accuracy of the edge of the picture is well
maintained. ,e blood phospholipids of groups A and B
were 6.55, 7.84, and 5.39, respectively. Blood phospholipid
levels were compared with those before GM1 treatment,
and serotonin levels in group A were significantly lower
than serum phospholipid levels in group B after GM1
treatment (P< 0.05). Serotonin levels decreased after
treatment in group A patients compared to before
treatment, and the difference was statistically significant
(P< 0.05).

5. Conclusion

In this study, Parkinson’s patients were diagnosed by the
ultrasound technique based on the bilateral filtered noise
elimination algorithm, and the neuroprotective effect of
GM1 in ketamine-anesthetized Parkinson’s disease patients
was explored on this basis. ,e results of the study showed
that GM1 relieved parkinsonian symptoms and ketamine
neurotoxicity. ,e bilateral filtered noise elimination algo-
rithm has a better performance in ultrasound image

processing in Parkinson’s patients. ,erefore, the bilateral
filtered noise elimination algorithm and GM1 have high
application value in neuroprotection of ketamine-anes-
thetized Parkinson’s disease patients. Due to the limited
sample and length, this study is not comprehensive and has
no in-depth research. In the future study and work, it will
expand the sample to study this problem further compre-
hensively and deeply.

Data Availability

,e data used to support the findings of this study are
available from the corresponding author upon request.
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