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,is study was to investigate the application value of ultrasound images optimized by support vector machine (SVM) algorithm
in the efficacy analysis of holmium laser lithotripsy in the treatment of urinary calculi. 92 patients for treatment of UC were
selected as research subjects, with 46 cases in each group. ,e control group received pneumatic lithotripsy for diagnosis and
treatment. ,e observation group received holmium laser lithotripsy for calculus treatment. ,e perimeter and area of the
defect and the length and width of the external distance of the most effective area of the defect were used as classification
features, and a classifier based on SVM was constructed and applied to it. After treatment, the success rate, operation duration,
stone clearance time, and hospital stay of the two groups were comprehensively evaluated. ,e results showed that the success
rate of the observation group adopting holmium laser lithotripsy was 100%.,e duration of operation in the observation group
was (29.7 ± 7.65) min, and the time to clear calculus was (6.99± 5.29) days. ,e length of hospital stay was (3.67± 2.9) days. ,e
probability of complications in the observation group was 3.11%.,e observation group was superior to the control group in all
surgical indicators (95%, 40.7 ± 8.36 minutes, 14.1 ± 7.21 days, and 5.12± 3.72 days), with considerable differences between
groups (P< 0.05). ,e strong support structure similarity information improved the detection and diagnostic analysis ability of
ultrasonic images. In conclusion, after ultrasound image evaluation based on SVM algorithm, the adoption of holmium laser
lithotripsy can effectively improve the success rate of patients with urinary system disease, which was worthy of clinical
adoption and promotion.

1. Introduction

With the continuous acceleration of the modern process,
various environmental pollution and life and work pressure
will cause health problems to people. Urinary calculus has
become a common urinary system disease that threatens
people’s health. Urinary calculus is one of the most common
diseases of the urinary system [1], whose main symptoms are
hematuria, dysuria, pain, frequent urination, urgency, and
painful urination. When urinary problems occur, routine
urine tests as well as color Doppler ultrasound, CT, or MRI
are needed to confirm the diagnosis, and the appropriate
treatment is selected after the diagnosis [2]. According to the
current survey results in China, the number of patients

suffering from urinary system disease in China is increasing
year by year, which affects the life, work, and study of pa-
tients to a certain extent [3]. Moreover, the disease is cur-
rently being transferred from elderly patients to young
adults [4]. Related research suggested that urinary system
disease was more likely to occur in men. ,e incidence rate
of male to female reached 5 :1. ,e incidence of calculus in
the upper urinary tract such as ureter and kidney showed an
upward trend, and the incidence of calculus in the lower
urinary tract such as the bladder showed a downward trend
[5]. If the UC cannot be effectively treated, it will cause great
damage to the human kidney function, and it may cause
uremia in the later stage [6]. In some patients with severe
renal calculus, the kidney tissue was found to be replaced by
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fat and even disappeared completely. If renal calculus pa-
tients are not treated for a long time, they will eventually
develop into renal failure, endangering the patient’s life.

In recent years, there aremany ways to treat urinary system
disease. Extracorporeal shock wave lithotripsy, traditional
Chinesemedicine, and surgical treatment are all common ones.
Surgical treatment is an effective method for clinical treatment
of urinary calculi in China. Early surgical techniques were low,
and open surgery was mostly used. With the continuous
progress of surgical techniques, the surgical treatment of
urinary calculi has become minimally invasive. At present,
titanium laser lithotripsy is a laser lithotripsy used in the
treatment of urinary calculi in China [7].

In the process of examining the patient’s urinary system,
the classification of ultrasound images has always been a
problem studied and discussed by medical experts and
scholars. How to quickly and effectively screen the available
images in the process of identifying ultrasound images is the
research focus. Problems such as the unclear boundaries of the
pathological characteristics and the variety of samples will
affect the doctor’s diagnosis and treatment of patients, which
will also delay the best treatment time for patients. In response
to these problems, the adoption of genetic algorithms to op-
timize the ultrasound image classification method of support
vector machine (SVM) can solve the above problems to a
certain extent, improve the comprehensive recognition rate,
and effectively assist medical staff to classify and recognize
ultrasound image defects. Technicians utilize ultrasonic non-
destructive testing technology to detect defects [8, 9], which is
effective, fast, and convenient to identify defects in ultrasound
images. It is of great significance to reduce the error of manual
identification for the manufacture of metal workpiece. In
solving the problem of small sample, nonlinear, and high-
dimensional pattern recognition, SVM has great advantages
[10, 11]. In this study, 92 patients were selected as the research
objects, and the genetic algorithm was used to optimize the
SVM to obtain an effective classifier. ,e ultrasonic image
defects of urinary system diseases were classified and diagnosed
to analyze the application of ultrasonic images based on SVM
algorithm in the treatment of urinary calculi by holmium laser
lithotripsy and provide certain reference for the clinical
treatment of urinary calculi.

2. Materials and Methods

2.1. Selection of Research Sample. 92 patients who came to
the hospital for treatment of UC from July 2016 to July 2018
were selected as research subjects. 46 patients in the control
group were diagnosed and treated with pneumatic litho-
tripsy. 46 patients in the observation group adopted hol-
mium laser lithotripsy for calculus treatment. ,en, the
efficacy of the two groups was observed. ,e research had
been approved by the medical ethics committee of the
hospital, and the patients and their family members also
understood the specific situation of the research and had
signed inform consent forms.

Inclusion criteria: i) patient’s age range was 20–65 years
old; ii) urolithiasis was diagnosed by ultrasound; iii) patients

were with no complication of cardiovascular diseases and
liver and kidney dysfunction.

Exclusion criteria were as follows: patients with severe
cardiopulmonary disease or liver and kidney dysfunction;
patients with diabetes, chronic nephritis, or hypertension;
patients with urinary system infection, severe renal hydrops,
urethral stricture, or staghorn-shaped calculus; and patients
with other serious systemic diseases.

2.2. SupportVectorMachineClassifier. ,e basic principle of
the SVM algorithm is finding a hyperplane for a given
sample set, and this hyperplane can correctly classify the
unseen test set into two categories.,e perimeter and area of
the ultrasound image defect and the length and width of the
circumscribed distance of the most effective area of the
defect are deemed as classification features, and x1 is a vector
containing four kinds of data information [12].

,e classification hyperplane of ultrasonic image defects
is expressed as follows:

f(z) � α1z + b � 0, (1)

where α1 is the normal vector of the hyperplane and b is the
translation distance of the hyperplane. Since the edges and
corners of the ultrasound image are not clear and the dis-
crimination is poor, the distance between the sample and the
hyperplane should be as large as possible. To reduce the
human error, slack variables need to be added to the ob-
jective function, so the objective function can be expressed as
follows:

min
1
2
‖α‖

2
+ A 

i

r�1
ω1,

t.f, h α1zr + b ≥ + 1,

ω1 ≥ 0, r � 1, 2 . . . , n.

(2)

where A represents the error cost coefficient, which will
affect the accuracy of ultrasound image defect classifi-
cation and the fault tolerance to noise, and ω1 is the slack
variable corresponding to the data point zr. When facing
the problem of nonlinear segmentation, the SVM algo-
rithm needs to transform the variables into a high-di-
mensional space to solve them. ,e kernel function
appears to solve the dimensional explosion problem,
which is represented by M (sr, s). Any function that
satisfies the theorem can be regarded as a kernel function.
In this work, the Gaussian meridional basis kernel
function is adopted.

M sr, s(  � exp −
s, sr( 

2

δ2
 , (3)

where δ is the mapping that affects the sample space to the
feature space. ,e generalized Grange multiplier is intro-
duced to the objective function again, and when the AAT
condition is met, the objective function can be transformed
into the following equation:
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where c1 is the Lagrange coefficient; then, the score function
is shown in the following equation:

f(z) � 
n

r�1
cmhm sr, s(  + b. (5)

Based on the SVM algorithm, the problem can be
searched and solved globally without falling into a local
optimal solution. ,e inherent parallelism in the calcu-
lation process can improve the solution speed. Figure 1
shows the process of genetic algorithm optimization based
on support vector machine algorithm.

2.3. Surgical Methods. In the two groups of patients, pa-
tients in the observation group were treated with titanium
laser lithotripsy. AGCO Kaineng 30W holmium laser
made in China was used, and the cystoscope sheath, tube,
and urethroscope were placed through the urethral
opening of the patient under anesthesia. Under anes-
thesia, the cystoscope sheath, tubescope, and urethro-
scope were inserted into the body from the urethral
opening. ,en, the brightness, light source system, and
focal length were adjusted. ,e adsorption pump and the
attention pump were opened, and the ureteroscope water
filling connection pipe was connected [13]. After the
position of calculus was determined, the laser fiber was
inserted and observed under the uretero-nephroscope.
,e fiber diameter range was 550–600 μm. When the fiber
head reached calculus, the power would be adjusted to
0.8–1.2 J/(5–10 Hz). Under the condition of direct vision,
the small calculus powder smaller than 3mm was washed
and crushed by manual continuous pulse and then taken
out. If there were hyperplastic polyps at the calculus site,
holmium laser ablation was required first, and then pa-
tients should stay in the hospital for observation for about
a week [14].

Patients in the control group were treated with
pneumatic lithotripsy. Epidural anesthesia was per-
formed on patients. After successful anesthesia, vital
signs of patients were observed, lithotomy position was
taken, and ureteroscope was inserted into the bladder
through urethra. ,en, the ureteroscope was slowly
placed to the diseased ureter side along the guide wire.
After the stone was fully exposed, the lithotripsy needle
can be inserted at the operation port of ureteroscope, so
that it can fully contact the stone site, and then the
pressure was gradually increased. After starting the
pressure, the lithotripsy operation can be performed.
Smaller stones can be discharged by themselves. Larger
stones were removed by baskets. After the operation, the

patency of the ureter should be carefully examined, and
finally double J tube and urethral catheter should be
placed.

2.4. Evaluation Indexes. ,e operation time, calculus
clearance, and intraoperative blood loss of the two groups of
patients were compared, so were the length of stay of the two
groups of patients, the time of indwelling catheter, and the
occurrence of complications after the operation. ,en, the
clinical effects of different treatments could be compared.

2.5. Statistical Methods. Data processing was analyzed by
SPSS19.0 version statistical software. Measurement data
were expressed bymean± standard deviation. Counting data
were expressed by percentage (%). One-way analysis of
variance was employed for pairwise comparison of running
time. ,e comparison of age, height, weight, course of
disease, ratio of male to female, and diagnostic accuracy
between groups was performed by paired t-test. ,e dif-
ference was statistically significant at P< 0.05.

3. Results

3.1. Basic Information of Patients. Among 92 patients with
urinary system disease, 67 weremales and 25 were females.,e
average age of 92 patients was (53.3± 4.01) years.,ere were 31
males and 15 females in the control group. ,e average height
of males was (177.4± 7.2) cm, and the average height of females
was (160.8± 6.08) cm. ,e average weight of females was
(51.8± 9.1) kg, and the average weight of males was (69.3± 9.7)
kg. ,e average age of males was (49.2± 6.1) years and the
average age of females was (47.1± 4.3) years (Figure 2). ,ere
were 36male patients and 10 female patients in the observation
group. ,e average height of males was (171.3± 9.4) cm, and
the average height of females was (159.4± 7.8) cm.,e average
weight of females was (52.9.8± 7.5) kg, and the average weight
of males was (70.3± 7.7) kg. ,e average age of females was
(49.8± 5.1) years, and the average age of males was (52.7± 7.9)
years (Figures 3 and 4).

From Table 1, the calculus position of most patients was
on the left side, the left-side diameter of calculus was
(2.09± 1.23) cm, and the right-side diameter was
(2.39± 0.57) cm.

According to Table 1, there were no statistically sig-
nificant differences in age, height, weight, or male and female
ratio between the control group and the observation group
(P>0.05).

Figures 5 and 6 show ultrasound images of patients with
typical urinary system diseases. Figure 5 shows a male pa-
tient (47 years old); Figure 6 shows a female patient (49 years
old). Both were diagnosed with ureteral calculi by Doppler
ultrasonography.

3.2. Comparison of Intraoperative and Postoperative Indica-
tors between the Two Groups of Patients. ,e number of
successful operations in the observation group of 46
patients was 46, and the success rate reached 100%. In the
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Figure 4: Basic indexes of patients in the observation group.

Table 1: Basic pathological conditions of patients.

Cases Course (days) Calculus position (cases) Calculus size (cm)
92 (11.76± 8.19) Left (74) Right (22) Left side (2.09± 1.23) Right side (2.39± 0.57)

Figure 5: Ultrasound image of calculus in patient’s ureter (male, 47 years old).

Figure 6: Ultrasound image of calculus in patient’s ureter (female, 49 years old).
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control group, the number of successful operations in 46
patients was 44, and the success rate was over 95%
(Figure 7). ,e duration of operation for calculus in the
observation group was (29.7 ± 7.65) min, while that in
control group was (40.7 ± 8.36) min (Figure 8). ,e cal-
culus excretion time of observation group was
(6.99 ± 5.29) days, while that of control group was
(14.1 ± 7.21) days (Figure 9). ,e length of hospital stay
between the two groups was compared; the length of
hospital stay of the observation group was (3.67 ± 2.9)
days, and that of the control group was (5.12 ± 3.72) days
(Figure 10). Based on the above data, the observation
group was superior to the control group in terms of
surgical success rate, operation duration, calculus clear-
ance time, and length of hospital stay, with remarkable
differences between the two (P< 0.05).

3.3. Comparison of Treatment Effects between the TwoGroups.
In Figure 11, the effective rate of the observation group was
97.7% and that of the control group was 84.3%. ,e ob-
servation group was obviously superior to the control group,
and the difference between the two groups was considerable
(P< 0.05).

3.4. Comparison of Complications in the Two Groups.
Among the complications of the two groups, the incidence of
adverse reactions such as urinary tract infection, secondary
hematuria, mucosal avulsion, and ureter perforation in the
observation group was inferior to that in the control group.
Both groups had complications after treatment. ,e com-
plication rate in the observation group was 3.11%, which was
considerably lower than 19.1% in the control group. ,e
difference between the two groups was great (P< 0.05)
(Figure 12).

4. Discussion

Pneumatic lithotripsy first appeared in the 1990s as a
novel type of intracavitary lithotripsy system. With
continuous improvement and development, its utilization
in various clinical fields has begun [15]. It is a safe, effi-
cient, and affordable surgical method. In the treatment of
urinary system disease, the adoption of pneumatic lith-
otripsy under flexible ureteroscope is more effective, and
the damage to the ureteral mucosa is small, and the in-
cidence of complications is also low. Holmium laser
lithotripsy is a pulsed laser produced by holmium element
[16]. ,e wavelength of holmium laser is in the absorption
range of water, and surgery is also performed in a watery
environment. When it irradiates local tissues, it will
generate nearly kilowatt peak energy in an instant, which
can cut and ablate local tissues. It has the characteristics of
precise cutting, effective hemostasis, and small damage.
Based on these physical and chemical properties, it can
crush calculus of various compositions and densities [17].
,e advantage of holmium laser lithotripsy is that it has
high crushing efficiency, high speed, and ability to crush
crushed stones of various compositions into 1∼3mm

particles. In this way, calculus can be expelled from the
patient’s body quickly, and the success rate of lithotripsy
of the operation is improved, especially for calculus in the
upper ureter. ,e holmium laser can accurately cut and
stop bleeding and can also deal with the problems of
combined polyps, stenosis, and bleeding during the
lithotripsy process. In the laser treatment adopted before,
there were big shortcomings [18]. For example, nonpulsed
carbon dioxide laser surgery’s main principle is vapor-
izing calculus through the thermal effect. ,is surgical
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Figure 7: Comparison of the number of successful operations
between the two groups (∗meant that the observation group was
evidently different from the control group).
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Figure 8: Comparison of operation duration between the two
groups (∗meant that the observation group was evidently different
from the control group).
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Figure 9: Comparison of calculus excretion time between the two
groups (∗meant that the observation group was evidently different
from the control group).
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method will produce a higher temperature during the
surgical treatment, up to 3000 °C, which is extremely
harmful to the patient’s body. Moreover, the applicability
of nonpulsed CO2 laser is also limited, which cannot crush
acid calculus, and its accuracy is not ideal, so it is not
recommended for clinical treatment [19].

For patients with urinary system examination, ultra-
sound technology is widely used, but there are many
shortcomings such as blurred boundaries of pathological
characteristics and many types of samples, which will affect
the diagnosis of the disease. SVM is a classification method
based on VC dimension theory and structural risk mini-
mization principle dimension. According to the limited
sample information, the best compromise between the
complexity of the model (the learning accuracy of specific
training samples) and the learning ability (the ability to
identify any sample without error) is sought to obtain the
best generalization ability. ,e technology of pattern rec-
ognition can be used in ultrasonic image segmentation, so it
is widely used in medical image processing in recent years.

At present, the most commonly adopted clinical treat-
ment of urinary system disease is surgical treatment. Tradi-
tional surgery for the treatment of UC involves
dermatophytes, extracorporeal shock wave lithotripsy, and
open surgery. However, these surgical methods will cause
great surgical trauma to the patient’s body, and the probability
of postoperative complications is also high, such as postop-
erative bleeding, postoperative wound infection, and urine
leakage.,e adoption of holmium laser lithotripsy to treat UC
can effectively increase the clearance rate of lithotripsy.
Domestic studies revealed that utilizing holmium laser lith-
otripsy to treat calculus can have a single lithotripsy success
rate as high as 93.7%. Li et al. suggested that the combined soft
ureteroscope combined with holmium laser treatment of
kidney and upper ureter calculus can achieve 100% lithotripsy
clearance. Sun et al. found that in the treatment of holmium
laser lithotripsy under flexible ureteroscopy, the success rate
of lithotripsy in the upper calculus was higher than that of
calculus in the lower calculus, and the safety was better.
Winship et al. [20] studied the clinical efficacy of holmium
laser lithotripsy, with 120 patients as the survey objects, and
the maximum calculus size of the patient was 3.2 cm. When
holmium laser lithotripsy was utilized, the removal rate of a
single operation using holmium laser lithotripsy was 63%, and
the secondary surgical clearance rate was 98%.

In this research, holmium laser lithotripsy and pneu-
matic lithotripsy were employed to treat patients with UC.
Both surgical methods had ideal lithotripsy clearance rate,
and the lithotripsy clearance rate of holmium laser litho-
tripsy was more than 95%, which can effectively crush the
calculus in the patient and finally exclude it from the body,
and it was also very safe. In the comparisons between groups,
it was found that holmium laser lithotripsy had higher safety
than pneumatic lithotripsy surgery. It can coagulate and stop
bleeding while crushing calculus through pulsed laser.
Under the action of the endoscope, the holmium laser can
quickly find the specific position of the UC and directly
crush the calculus. ,e results of this study were in line with
expectations because holmium laser caused low physical
damage to patients, which could largely promote the rapid
rehabilitation of patients with stones and reduce the oc-
currence of complications. For the low resolution and low
signal-to-noise ratio of ultrasonic images, the SVM algo-
rithm used in this study can identify the clear part of the
image and measure it, and the part with missing boundary
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Figure 10: Comparison of length of hospital stay between two
groups of patients (∗meant that the observation group was evi-
dently different from the control group).
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the two groups (A: urinary tract infection, B: secondary hematuria,
C: mucosal avulsion, and D: ureteral perforation) (∗meant that the
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was removed and not measured. It has high work efficiency.
Holmium laser lithotripsy is currently widely adopted in
clinical practice, and the treatment effect is more significant,
which also has obvious advantages for calculus in other
parts.

5. Conclusion

,e postoperative treatment results of 92 UC patients were
taken as a research sample. ,e results showed that after
ultrasound image classification based on SVMwas employed
to select patient ultrasound images, under such auxiliary
diagnosis and treatment, the speed and efficiency of diag-
nosis and treatment were effectively improved. ,e obser-
vation group that received holmium laser lithotripsy to treat
UC was superior to the control group in terms of the success
rate of surgery, the duration of surgery, the time of calculus
discharge, the length of hospital stay, and the occurrence of
postoperative complications. ,e test proved that the
treatment of UC with holmium laser lithotripsy can effec-
tively promote the recovery of urinary function in patients
with UC. Moreover, it can effectively reduce the length of
hospital stay, which had high clinical promotion value and
significance.

,e disadvantage of this study is that the sample size of
selected patients is small and there is a certain deviation.,e
scope of adoption of the research results is also relatively
small. In subsequent studies, the sample size of patients will
be increased and the scope of the study will be expanded to
further explore the clinical adoption value of holmium laser
lithotripsy in various diseases. In short, the results provide a
certain reference and significance for the treatment of UC
patients.
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