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Objective. To explore the image enhancement model based on deep learning on the effect of ureteroscopy with double J tube
placement and drainage on ureteral stones during pregnancy. We compare the clinical effect of ureteroscopy with double ]
tube placement on pregnancy complicated with ureteral stones and use medical imaging to diagnose the patient’s condition
and design a treatment plan. Methods. The image enhancement model is constructed using deep learning and implemented for
quality improvement in terms of image clarity. In the way, the relationship of the media transmittance and the image with
blurring artifacts was established, and the model can estimate the ureteral stone predicted map of each region. Firstly, we
proposed the evolution-based detail enhancement method. Then, the feature extraction network is used to capture blurring
artifact-related features. Finally, the regression subnetwork is used to predict the media transmittance in the local area. Eighty
pregnant patients with ureteral calculi treated in our hospital were selected as the research object and were divided into a test
group and a control group according to the random number table method, 40 cases in each group. The test group underwent
ureteroscopy double ] tube placement, and the control group underwent ureteroscopy lithotripsy. Combined with the
ultrasound scan results of the patients before and after the operation, the operation time, time to get out of bed, and
hospitalization time of the two groups of patients were compared. The operation success rate and the incidence of
complications within 1 month after surgery were counted in the two groups of patients. Results. We are able to improve the
quality of the images prior to medical diagnosis. The total effective rate of the observation group was 100.0%, which is higher
than that of the control group (90.0%). The difference between the two groups was statistically significant (P <0.05). The
adverse reaction rate in the observation group was 5.0%, which was lower than 17.5% in the control group. The difference
between the two groups was statistically significant (P <0.05). The comparison results are then prepared. Conclusions. The
image enhancement model based on deep learning is able to improve medical diagnosis which can assist radiologists to better
locate the ureteral stones. Based on our method, double J tube placement under ureteroscopy has a significant effect on the
treatment of ureteral stones during pregnancy, and it has good safety and is worthy of widespread application.

1. Introduction standing of its related models, related theories, and current

research status, so as to complete the modeling of image
To study the problem of medical image enhancement, it is ~ enhancement. In this paper, we mainly focus on the research
necessary to have a comprehensive and accurate under-  of medical image deblur enhancement technology and
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underwater medical image enhancement technology. This
paper is mainly divided into two parts. As for medical image
deblur enhancement technology, we mainly introduce med-
ical deep learning based on a convolutional neural network
model. The deep learning model is the main model of med-
ical image deblur enhancement technology, and the color
theory and color balance are applied in the medical image
enhancement method proposed by us. This paper uses this
method to study the application of deep learning in ureteral
calculi during pregnancy.

Ureteral stones are one of the most common diseases in
urology, and it is not uncommon in clinical work for ureteral
stones to progress to urosepsis. Such patients have a rapid
onset, rapid progress, and a dangerous condition. Some
patients even have systemic inflammatory response syn-
drome even before the hospital admission. The vital signs
have been unstable. If they are not treated promptly and cor-
rectly, the condition will quickly get out of control and dete-
riorate. The case fatality rate is as high as 22%-76%.
Pregnant women often develop urinary calculi due to
changes in endocrine status in the body, but considering
the safety of mothers and infants, conservative medical treat-
ment is often used; for pregnant women who do not respond
to medical treatment, appropriate surgical procedures for
gravel are very important to ensure the safety of mothers
and infants [1].

The incidence of ureteral stones during pregnancy is
about 0.026% to 0.0531%. The incidence of menopausal
women is higher than that of primiparous women, with an
average age of 27 years [2-4]. The incidence during preg-
nancy is almost the same as that during nonpregnancy, with
a ratio of 1:1500 to 1:200 [5]. 80% to 90% of patients have
stone-related clinical manifestations in the second trimester
(13 to 27 weeks of gestation) and the third trimester (28 to
40 weeks of gestation) [6-9], and stone-related clinical man-
ifestations in the first trimester (1 to 12 weeks of pregnancy)
are rare. Changes in special physiological anatomy during
pregnancy lead to a higher incidence of stones on the right
than on the left, and calcium phosphate stones are more
common [10]. Although the incidence of ureteral stones
during pregnancy is relatively low, renal colic caused by ure-
teral stones is the main reason for nonobstetric hospital
admission during pregnancy [11]. The diagnosis and treat-
ment of ureteral stones during pregnancy are special and
complicated and often require joint diagnosis and treatment
of multiple departments. In the diagnosis and treatment of
patients with ureteral stones during pregnancy, the safety
of pregnant women and fetuses must be considered. Because
radiation (CT) has a clear detrimental effect on fetal devel-
opment, it is not recommended as a routine diagnosis and
treatment technique for urinary stones during pregnancy.
Ultrasound examination has no damage to fetal develop-
ment, so it can be used as a first-line method for diagnosing
ureteral stones. Most patients with symptomatic ureteral
stones during pregnancy can be relieved by conservative
treatments such as spasmolysis, analgesia, and anti-
infection. However, for patients with unsatisfactory results
of conservative treatment, surgical intervention should be
actively given to minimize the potential harm of surgery

Computational and Mathematical Methods in Medicine

on pregnant women and fetuses and surgical stimulation-
induced threatened abortion.

Ultrasound is a sound wave with a frequency higher than
20000 Hz. It has good directivity and strong reflection abil-
ity, and it obtains more concentrated acoustic energy easily.
The propagation distance in water is farther than that in air.
It can be used for distance measurement, speed measure-
ment, cleaning, sterilization, etc. There are many applica-
tions in medicine. Ultrasound is named because its lower
frequency limit exceeds the upper limit of human hearing.
The working principle of medical ultrasound examination
is similar to that of sonar; that is, the ultrasound is emitted
into the human body. When it meets the interface in the
body, it will reflect and refract, and it may be absorbed and
attenuated in human tissue. Because the shape and structure
of various tissues of the human body are different, the degree
of reflection and refraction and absorption of ultrasonic
waves are also different. Doctors are distinguishing by the
characteristics of the wave mode, curve, or image reflected
by the instrument.

In recent years, the number of patients with ureteral cal-
culus obstruction has also increased in recent years. Ureteral
calculi obstruction disease itself will not have a great impact
on pregnancy, but complications such as urinary tract infec-
tions caused by stones may cause premature delivery or even
miscarriage.

For patients with ureteral calculi obstruction in late
pregnancy, minimally invasive surgery should be taken in
time. In the diagnosis and treatment of patients with ureteral
calculi during pregnancy, the safety of pregnant women and
fetuses must be considered. Because radiation (CT) has a
clear detrimental effect on fetal development, it is not rec-
ommended as a routine diagnosis and treatment technique
for urinary stones during pregnancy. Ultrasound examina-
tion has no damage to fetal development, so it can be used
as a first-line method for diagnosing ureteral stones. Most
patients with symptomatic ureteral stones during pregnancy
can be relieved by conservative treatments such as spasmoly-
sis, analgesia, and anti-infection. However, for patients who
are not satisfied with conservative treatment, surgical inter-
vention should be actively given to minimize the potential
harm of surgery on pregnant women and fetuses and surgi-
cal stimulation-induced threatened abortion.

2. Materials and Methods

2.1. Image Enhancement Based on the Regional
Neural Network

2.1.1. Overview of Image Deblur and Enhancement Methods.
In order to improve the effect and stability of the blurring
artifact removal and enhancement work, to obtain blurring
artifact-free images with complete details and saturation
and contrast restored, and to improve the efficiency of the
work, we introduce the convolutional neural network model
into the blurring artifact removal and enhancement work.
By establishing the relationship between the media transmit-
tance and the image with blurring artifacts, the model can
estimate the media transmittance map of each region in
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FIGURE 1: The deblur and image enhancement method.
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FIGURE 2: Region-based neural network model processing flow.

the image with blurring artifacts. In order to preserve the
integrity of the restored blurring artifact-free image in detail,
we also added the detail enhancement operation. In order to
enable the operation to complete the autonomous parameter
adjustment, we combined this method with the evolutionary
algorithm and proposed the evolution-based detail enhance-
ment method. The deblur artifact enhancement method pro-
posed is shown in Figure 1, where the left box is the neural
network deblur artifact model, which is used to estimate
the media transmittance of the input image with blurring
artifacts and the right box is the blurring artifact removal
and enhancement image. The left box part is the detail
enhancement part, which carries out the detail enhancement
operation on the image after the blurring artifact removal
enhancement.

2.1.2. Deblurring and Identification of Ureteral Stones in
Images Using Region-Based Neural Networks. The region-
based neural network model of blurring artifact removal
takes the blur images as input and outputs the media trans-
missivities of blurring artifacts, in which each point corre-
sponds to a local region in the input image. In our design,
the neural network model is a full convolution structure, as
shown in Figure 2.

The network structure consists of a feature extraction
network and a regression subnetwork. The feature extraction
network is used to capture blurring artifact-related features
in the input image, while the regression subnetwork is used
to predict the media transmittance in the local area. In order
to connect the two network structures, each position on the
N-channel feature map output by the feature extraction net-

work will be transmitted to the sliding windows of the cl
group, and the size of each sliding window is 3 x 3. For each
sliding window, the output is a feature vector in dimension
cl, and each feature vector corresponds to a local region in
the input image with blurring artifacts. Then, all the eigen-
vectors are mapped to a set of features in c2 dimension by
a set of 1x 1 convolution. Obtain the final prediction of
the ureteral stone predicted map. The connection between
the sliding window and the local region of the blurring arti-
fact image is called the anchor connection. The correspond-
ing local region in the input image can be regarded as the
anchor point, and the media transmittance in an anchor
point can be approximately a constant. The process is
described as follows:

t(p) = F(I(i)), ilw,(P), (1)

where F is the deblur artifact neural network model,
which takes blurring artifact image I as its input. t(p) is
the value of transmittance in the R R region centered
on P.

3. Feature Extraction through the
Convolutional Neural Network

In this stage, the network structure is mainly composed of
two basic network units, which are used to extract relevant
features from input images.



(1) We designed and integrated multiple levels of fea-
tures. The input x is passed through two separate
branches, and the outputs of these branches are then
recombined. The specific operation can be expressed

as follows:
Yo =f(x) +9(x), (2)
f(x) = W\x\ * 9(W3*3 * 0(.9()), (3)
g(x) =W * G(WM * x), (4)

where W ,; and W, represent 1 x 1 and 3 x 3 convolu-
tion kernels, respectively.

Specifically, f(x) is a convolutional neural network
structure based on heterogeneous convolutional kernels,
which are composed of 3 x 3 and 1 x 1 convolutional layers.
Among them, 1 x 1 convolution operation can capture more
details of blurring artifacts, while 3 x 3 convolution opera-
tion can better extract the overall distribution features of
blurring artifacts.

(2) A module has a residual structure. Networks with
residual modules are easier to optimize and can
achieve better performance as the number of layers
of the network model increases as defined as follows:

Yy =f(x) +x (5)

where y, represents the underlying mapping and f(x) is
a residual mapping constructed by stacking nonlinear layers.

3.1. Patient Information. Eighty pregnant patients with ure-
teral stones treated in the urology department of our hospi-
tal from December 2018 to October 2019 were selected as
the research subjects, and all patients met the diagnostic cri-
teria of pregnancy with ureteral stones [12-14]. Exclusion
criteria were as follows: suffering from pregnancy combined
with hypertension, diabetes, etc; combined with severe
organic and mental diseases such as heart, liver, kidney,
and other organs; and combined with other surgical contra-
indications. Patients and their families signed an informed
consent form.

The study was approved by the hospital ethics commit-
tee and was filed by the medical department. All patients
were divided into the test group and control group according
to random number table method, 40 cases in each group.
The age of the test group was 24 years to 39 years, the aver-
age age was 29.31 + 3.65 years, the gestational week was 5
weeks to 35 weeks, and the average was 28.63 + 5.64 weeks.
Among them, there were 12 cases in the early pregnancy, 17
cases in the middle period, and 11 cases in the late period; in
the control group, the age was 25-40 years, the average age
was 29.41 + 3.55 years, the gestational week was 5 weeks to
36 weeks, and the average was 28.71 + 5.58 weeks, including
11 cases in early pregnancy, 19 cases in the midterm, and 10
cases in the late period. There was no statistically significant
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difference in the basic conditions such as age and gestational
age between the two groups (P>0.05), and they were
comparable.

3.2. Treatment Method. All patients were given symptomatic
treatment such as antispasmodic and analgesic after admis-
sion. Patients with lower urinary tract infection were treated
with conventional anti-infective treatment. Before the oper-
ation, routine care was performed [15-17]. Progesterone was
injected intramuscularly 20 minutes before the operation.
The experimental group underwent cystoscopy double J tube
placement: the patient took the bladder lithotomy position
for local anesthesia of the urethral mucosa, and we placed
the cystoscope through the urethral opening, looked for
stones under the endoscope, and guided the guidewire to
guide the ureteral opening into the 6F double J tube, and
observed the urine drainage situation and routine postoper-
ative B-ultrasound to confirm the placement of the double J
tube. The images were then further improved in terms of
better resolution and quality by our proposed image
enhancement and deblur technique. The control group
underwent ureteroscopy lithotripsy: the patient took the
bladder lithotomy position and received epidural anesthesia
after routine disinfection. A ureteroscope was placed
through the urethral orifice, under the guidance of the
guidewire into the affected ureter, and a lithotripsy probe
was inserted. Continuous pulses are used to crush stones,
and the size of the stones does not exceed 3mm. Large
stones can be removed by foreign body forceps, and double
J catheters are routinely placed. All patients had double |
catheters removed through ureteroscopy 4 weeks after sur-
gery and were given routine anti-infective and symptomatic
treatment after surgery.

3.3. Observation Index. Comparing the operation time, time
to get out of bed, and hospitalization time of the 2 groups of
patients, the operation success rate of the 2 groups of
patients and the incidence of complications within 1 month
after surgery were counted. Reexamination of B-ultrasound
1 month after the operation revealed that the diameter of
the remaining stones was <3 mm, and the patient’s symp-
toms such as nausea, vomiting, and hematuria disappeared,
indicating successful operation.

3.4. Statistical Method. SPSS19.0 statistical software was used
to process the data. The measurement data was expressed as
x s, the t-test was used, the count data was expressed as a
percentage, and the X test was used. P <0.05 means that
the difference was statistically significant.

4. Results

4.1. Comparative Analysis. As shown in Figure 3, the original
images (Figure 3(a)) are improved by our proposed image
enhancement and deblur technique, which results in images
(Figure 3(b)) with better resolution and quality.

4.2. Comparative Analysis of Medical Images. In order to
make the treatment of ureteral stones during pregnancy with
double J tube placement under ureteroscopy better and more
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F1GURE 4: Ultrasound scan image of ureteral stones in subject 1 ((a) original scan image and (b) postoperative scan image). The arrow points
to the location of the ureteral stones. Note that the stones were located much easier by the radiologists after image quality enhancement. This
demonstrates that the medical image deblur and denoising algorithms are useful and have strong clinical applicability in accurate medical

image diagnosis.

Pre-opera
ﬁ\"\\_\,. v

.“ x..;‘._; -
S

L .

>

()

-

(b)

FiGurek 5: Ultrasound scan image of ureteral stones in subject 2 ((a) original scan image and (b) postoperative scan image). The arrows in the
medical images point to the ureteral stones, which show up clearly after image enhancement.

obvious, this study selected two sample patients for in-depth
study and demonstration, which we denote as subject 1 and
subject 2. Figure 4 is an ultrasound scan image of subject 1,
and Figure 5 is an ultrasound scan image of subject 2. Note
that this image comparison is performed after performing
denoising and deblur.

4.3. Comparison of Treatment Effect. The total effective rate
of the observation group was 100.0%, which is higher than
that of the control group (90.0%). The difference between
the two groups was statistically significant (P < 0.05). The
treatment situation is shown in Table 1. The statistical graph
of treatment effect is shown in Figure 6.

TABLE 1: Treatment effect statistics (n = 40).

Group Né;iid Effective Invalid . fgc?zicy
grt(’)ie;vauon 32 8 0 40 (100.0%)
Control group 27 9 4 36 (90.0%)
X? 10.384 0.323  11.982 11.982

P value 0.001 0.426 0.001 0.001

4.4. Comparison of Adverse Reactions. The adverse reaction
rate in the observation group was 5.0%, which was lower
than 17.5% in the control group. The difference between
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FIGURE 6: Statistics of the treatment effect.
TaBLE 2: Statistics of the occurrence of adverse reactions (1 = 40).
Group Bleeding in the vagina Mild urinary system infection Abortion Premature delivery Total adverse reaction rate
Observation group 1(2.5%) 1 (2.5%) 0 0 2 (5.0%)
Control group 3 (7.5%) 2 (5.0%) 1 (2.5%) 1 (2.5%) 7 (17.5%)
X? 1.094 0.358 1.024 2.093 4.601
P value 0.294 0.540 0.311 0.149 0.032

the two groups was statistically significant (P < 0.05). The
comparison results are shown in Table 2.

5. Discussion

Ureteral calculi and renal colic during pregnancy are two of
the common emergencies for nonobstetric causes of preg-
nant women. The incidence of ureteral stones in pregnant
women is reported to be from 0.04% to 0.5% [18]. Decreased
estrogen levels during pregnancy will lead to increased blood
calcium, while increased progesterone levels will cause ure-
teral smooth muscle tension to decrease, thicken the wall,
and reduce peristalsis, which will increase the probability
of stones staying in the ureter. In addition, the enlarged
uterus during pregnancy and the right-handed uterus will
also compress the ureter, resulting in obstruction of urinary
flow and dilation of the ureter. It is also an important factor
that induces the formation of stones and affects the dis-
charge of stones [19, 20]. However, renal colic, urinary tract
obstruction, and urinary tract infections caused by ureteral
stones during pregnancy may cause miscarriage and prema-
ture delivery of pregnant women, and timely and effective
treatment is urgently needed. For patients with ureteral cal-
culi during pregnancy with small stone diameters and mild
symptoms, conservative treatment can be tried first, includ-
ing anti-infection, antispasmodic analgesia, and hydration.
Some ureteral stones can be discharged by themselves.

Due to changes in hormone levels and physiological
structure in pregnant women, ureteral stones are a common
disease of pregnant women. In addition to the current die-

tary changes, the incidence of ureteral stones has also
increased year by year. Pregnancy combined with ureteral
stones has often multiple stones, which is easy to cause uri-
nary tract obstruction and severe pain. If it is not diagnosed
in time and no appropriate treatment is taken, it will cause
patients with hydronephrosis [21-23]. Clinical treatment of
pregnancy combined with ureteral calculi often adopts con-
servative medical methods. For patients who do not respond
to medical treatment, two surgical methods cystoscopy
double ] tube placement and ureteroscopy lithotripsy are
commonly used [24, 25]. The purpose of this study is to
compare the clinical effects of these two surgical methods
in the treatment of pregnancy with ureteral stones and to
provide a reference for clinical treatment.

In recent years, the incidence of ureteral calculi obstruc-
tion has increased in the second and third trimesters of preg-
nancy. Patients have symptoms such as dysuria, pain, and
even hematuria [26, 27]. Mainly due to the increase in kid-
ney circulation during pregnancy, it leads to an increase in
water-soluble vitamins in patients’ urine, which leads to
urinary tract infection [28]. It has also been suggested in
the study that an excessively large uterus may also cause
compression of the ureter, making it difficult for stones to
be expelled. And in recent years, it has been clinically pro-
posed that the incidence of ureteral calculi obstruction in
the second and third trimesters of pregnancy is also affected
by factors such as physiological changes in pregnant women
during pregnancy. For patients with ureteral stone obstruc-
tion in the second and third trimesters of pregnancy, early
treatment can improve the patient’s prognosis and reduce
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the incidence of adverse pregnancy outcomes. Clinically,
ureteroscopy double ] tube placement, ballistic lithotripsy,
etc. are commonly used in the treatment of late pregnancy
with ureteral calculi obstruction, but the effect after ballistic
lithotripsy is not satisfactory, and the stone removal rate is
low, so the residual stones are more common. And there
are many postoperative complications, which are easy to
cause urinary tract infection and affect the prognosis [29].

This paper shows that the operation time of the experi-
mental group with double J tube placement under cystos-
copy was significantly shorter than that of the control
group, but the hospitalization time was significantly longer
than that of the control group; there was no difference in
the average time to get out of bed and the success rate of sur-
gery between the two groups.

And there were no postoperative complications. The
purpose of surgical treatment of ureteral stones is to relieve
urethral obstruction, thereby alleviating the symptoms. The
improved ultrasound scans in terms of image quality can
assist the radiologists to better locate the ureteral stones.
Ureteroscopic lithotripsy is the first surgical method for clin-
ical treatment of ureteral calculi because of its simple opera-
tion, accurate treatment effect, and few postoperative
complications. It is widely used in clinic, and the surgical
method is relatively mature [30]. It can manually adjust
the ultrasonic amplitude to ensure the safety of the mother
and baby, the treatment time is short, and the hospitalization
cost can be reduced. Cystoscopy double J tube placement is a
new surgical method that has emerged with the rapid devel-
opment of material technology in recent years. Some studies
have shown that its treatment of pregnancy with ureteral
calculi has a significant effect and not only can relieve uri-
nary tract obstruction but also can effectively reduce the
renal pelvis. Internal pressure can also drain urine, thereby
reducing the risk of infection. Double J tube placement sur-
gery can avoid ultrasonic lithotripsy, maximize the safety of
pregnant women and fetuses, and ensure continued preg-
nancy. The material of the double J tube is stable, and it is
not easy to produce stimulation and rejection reaction to
the human body and can be left in the body for a long time.
Cystoscopy double J tube placement and ureteroscopy litho-
tripsy have significant effects and safety in the treatment of
pregnancy with ureteral calculi [31]. We also realize that it
is important that deep learning-based frameworks [32-34]
be implemented to deblur or even segment the regions of
interest in the medical images for a better analysis. In sum-
mary, cystoscopy double J-tube placement and ureteroscopy
lithotripsy have significant effects on pregnancy and ureteral
calculi, and they have good safety. The clinical method can
be selected according to the patient’s wishes and specific
circumstances.

6. Conclusion

The ureteroscope has the advantages of less trauma and less
infection, and if residual gravel is found in the actual litho-
tripsy treatment or the ureter is twisted, it can be reinserted
into the soft ureteroscope to clean it again, which can signif-
icantly improve the rate of stone removal and prevent the

recurrence of stones. At the same time, the double J tube is
placed in the lithotripsy, the lens body and the optical fiber
are always unified, and the advantage of treating ureteral
stone obstruction is more obvious.

The results of the study show that after ureteroscopy
double J tube implantation, the patient’s stone removal and
drainage are significantly better than those of patients with
sinus lithotripsy, suggesting that the treatment effect of ure-
teroscopy double J tube implantation is more ideal. The
results of this study are consistent with this. And in this
study, the observation group had a higher success rate of
lithotripsy than the control group, and the total adverse
reaction rate was lower than that of the control group, sug-
gesting that ureteroscopy double ] tube placement surgery
has higher safety and successful operation.

According to the influence of medical image quality, we
propose the deblur enhancement method and medical image
enhancement method, respectively. In medical image
enhancement methods to the blurring modeling based on a
deep learning problem by a deep neural network model to
estimate the blurring image transmission rate of media and
through the inverse operation of deep learning, restore clear
medical images and put forward a detail enhancement algo-
rithm based on evolutionary finish to restore clear details of
medical image enhancement operation. Finally, we apply the
simplified deblur model to low computing power.

In summary, combined with medical image deblur tech-
niques and ultrasound scanning, the effect of ureteroscopy
double ] tube implantation in the treatment of midlate preg-
nancy with ureteral stone obstruction is ideal, which greatly
improves clinical symptoms, promotes recovery, and
reduces the incidence of adverse reactions.

Data Availability

The image data used to support the findings of this study
have been deposited in the renal and ureteral stone dataset
(https://www.payititi.com/nlpdataset/show-1437.html).

Conflicts of Interest

The authors declare that there is no conflict of interest in
this paper.

Acknowledgments

The authors are thankful for the relevant information of
patients provided by the urology department of their
hospital.

References

[1] S. T. Tan, X. N. Chen, M. Sun, and B. Wu, “Reply to letter to
the editor entitled "replay to the comparation of effects and
security of double-J stent retention and ureteroscopy litho-
tripsy in the treatment of symptomatic ureteral calculi during

pregnancy",” European Journal of Obstetrics & Gynecology,
vol. 229, p. 199, 2018.


https://www.payititi.com/nlpdataset/show-1437.html

(2]

(3]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

P. Soma-Pillay, C. Nelson-Piercy, H. Tolppanen, and
A. Mebazaa, “Physiological changes in pregnancy,” Cardiovas-
cular Journal of Africa, vol. 27, no. 2, pp. 89-94, 2016.

G. Masselli, M. Derme, M. G. Bernieri et al., “Stone disease in
pregnancy: imaging-guided therapy,” Insights into Imaging,
vol. 5, no. 6, pp. 691-696, 2014.

M. E. Rivera, K. L. McAlvany, T. S. Brinton, M. T. Gettman,
and A. E. Krambeck, “Anesthetic exposure in the treatment
of symptomatic urinary calculi in pregnant women,” Urology,
vol. 84, no. 6, pp. 1275-1278, 2014.

B. Matlaga and M. Semins, “Management of urolithiasis in
pregnancy,” International Journal of Women’s Health, vol. 4,
pp. 77-79, 2013.

Y. Bozkurt, M. Atar, N. Penbegul, H. Soylemez, and A. A. San-
caktutar, “The efficacy and safety of ureteroscopy for ureteral
calculi in pregnancy: our experience in 32 patients,” Urological
Research, vol. 6, pp. 66-70, 2012.

E. B. Johnson, A. E. Krambeck, W. M. White et al., “Obstetric
complications of ureteroscopy during pregnancy,” The Journal
of Urology, vol. 188, pp. 89-92, 2012.

H.J.Evansand T. A. Wollin, “The management of urinary cal-
culi in pregnancy,” Current Opinion in Urology, vol. 11, no. 4,
pp. 379-384, 2001.

A. A. Shokeir, M. R. Mahran, and M. Abdulmaaboud, “Renal
colic in pregnant women: role of renal resistive index,” Urol-
0gy, vol. 55, no. 3, pp- 344-347, 2000.

M.J. Semins and B. R. Matlaga, “Management of stone disease
in pregnancy,” Current Opinion in Urology, vol. 20, no. 2,
pp. 174-177, 2010.

A.E. Ross, H. Shelly, and B. R. Matlaga, “Kidney stones during
pregnancy: an investigation into stone composition,” Urologi-
cal Research, vol. 3, pp. 22-29, 2008.

R. H. Wachsberg, “Unilateral absence of ureteral jets in the
third trimester of pregnancy: pitfall in color Doppler US diag-
nosis of urinary obstruction,” Radiology, vol. 209, no. 1,
pp. 279-281, 1998.

M. Mitterberger, G. M. Pinggera, E. Maier et al., “Value of 3-
dimensional transrectal/transvaginal sonography in diagnosis
of distal ureteral calculi,” Journal of Ultrasound in Medicine,
vol. 26, no. 1, pp. 19-27, 2007.

B. S. Hertzberg, B. A. Carroll, ]. D. Bowie, S. S. Paine, and M. A.
Kliewer, “Doppler US assessment of maternal kidneys: analysis
of intrarenal resistivity indexes in normal pregnancy and phys-
iologic pelvicaliectasis,” Radiology, vol. 4, pp. 34-40, 1993.

A. A. Thomas, A. Z. Thomas, S. C. Campbell, and J. S. Palmer,
“Urologic emergencies in pregnancy,” Urology, vol. 76, no. 2,
pp. 453-460, 2010.

S. Goldberg-Stein, B. Liu, and F. Peter, “Body CT during preg-
nancy: utilization trends, examination indications, and fetal
radiation doses,” American Journal of Roentgenology, vol. 2,
pp. 30-40, 2011.

N. Tirada, D. Dreizin, and N. J. Khati, “Imaging pregnant and
lactating patients,” Radiographics, vol. 4, pp. 78-82, 2015.

S. A. Goldberg-Stein, B. Liu, and P. F. Hahn, “Radiation dose
management: part 2, estimating fetal radiation risk from CT
during pregnancy,” American Journal of Roentgenology,
vol. 11, pp. 92-97, 2008.

F. M. Smaill and J. C. Vazquez, “Antibiotics for asymptomatic

bacteriuria in pregnancy,” Cochrane Database of Systematic
Reviews, vol. 1, pp. 34-40, 2019.

(20]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

Computational and Mathematical Methods in Medicine

K. L. Burgess, M. T. Gettman, L. J. Rangel, and A. Krambeck,
“Diagnosis of urolithiasis and rate of spontaneous passage dur-
ing pregnancy,” The Journal of Urology, vol. 186, no. 6,
pp. 2280-2284, 2011.

B. K. Somani, A. Dellis, E. Liatsikos, and A. Skolarikos,
“Review on diagnosis and management of urolithiasis in preg-
nancy: an ESUT practical guide for urologists,” World Journal
of Urology, vol. 35, no. 11, pp. 1637-1649, 2017.

P. B. Bookstaver, C. M. Bland, B. Griffin, K. R. Stover, L. S.
Eiland, and M. McLaughlin, “A review of antibiotic use in
pregnancy,” Pharmacotherapy, vol. 35, no. 11, pp. 1052-
1062, 2015.

M. E. Rivera, K. L. McAlvany, T. S. Brinton, M. T. Gettman,
and A. Krambeck, “Anesthetic exposure in the treatment of
symptomatic urinary calculi in pregnant women,” Urology,
vol. 84, no. 6, pp- 1275-1278, 2014.

G. Masselli, M. Derme, F. Laghi, E. Polettini, R. Brunelli, and
M. L. Framarino, “Imaging of stone disease in pregnancy,”
Abdominal Imaging, vol. 38, no. 6, pp. 1409-1414, 2013.

Z. F. Wang, L. Xu, Z. X. Su, C. Yao, and Z. Chen, “Invasive
management of proximal ureteral calculi during pregnancy,”
Urology, vol. 7, pp. 23-28, 2013.

Y. Song, X. Fei, and Y. S. Song, “Diagnosis and operative inter-
vention for problematic ureteral calculi during pregnancy,”
International Journal of Gynecology & Obstetrics, vol. 1,
pp. 33-36, 2013.

M. J. Semins and B. R. Matlaga, “Kidney stones and preg-
nancy,” Advances in Chronic Kidney Disease, vol. 20, no. 3,
pp. 260-264, 2013.

C. Roger, “Definitions for sepsis and organ failure,” Critical
Care Medicine, vol. 20, no. 6, pp. 724-726, 1992.

C. L. Xu, H. Tang, X. F. Gao, X. Gao, B. Yang, and Y. B. Sun,
“Management of forgotten ureteral stents with holmium
laser,” Lasers in Medical Science, vol. 2, pp. 89-92, 2009.

B. H. Chew, B. E. Knudsen, and J. D. Denstedt, “The use of
stents in contemporary urology,” Current Opinion in Urology,
vol. 14, no. 2, pp. 111-115, 2004.

O. Fainaru, B. Almog, R. Gamzu, J. B. Lessing, and
M. Kupferminc, “The management of symptomatic hydrone-
phrosis in pregnancy,” BJOG: An International Journal of
Obstetrics and Gynaecology, vol. 109, no. 12, pp. 1385-1387,
2002.

H. Z. Tang, G. Zhao, and T. Ouyang, “Two-phase deep learn-
ing model for short-term wind direction forecasting,” Renew-
able Energy, vol. 173, pp. 1005-1016, 2021.

J. S. Shi, Y. G. Ye, D. X. Zhu, L. T. Su, Y. F. Huang, and J. L.
Huang, “Automatic segmentation of cardiac magnetic reso-
nance images based on multi-input fusion network,” Com-
puter Methods and Programs in Biomedicine, vol. 209, article
106323, 2021.

J. S. Shi, Y. G. Ye, D. X. Zhu, L. T. Su, Y. F. Huang, and J. L.
Huang, “Comparative analysis of pulmonary nodules segmen-
tation using multiscale residual U-Net and fuzzy C-means
clustering,” Computer Methods and Programs in Biomedicine,
vol. 209, article 106332, 2021.



	Image Enhancement Model Based on Deep Learning Applied to the Ureteroscopic Diagnosis of Ureteral Stones during Pregnancy
	1. Introduction
	2. Materials and Methods
	2.1. Image Enhancement Based on the Regional Neural Network
	2.1.1. Overview of Image Deblur and Enhancement Methods
	2.1.2. Deblurring and Identification of Ureteral Stones in Images Using Region-Based Neural Networks


	3. Feature Extraction through the Convolutional Neural Network
	3.1. Patient Information
	3.2. Treatment Method
	3.3. Observation Index
	3.4. Statistical Method

	4. Results
	4.1. Comparative Analysis
	4.2. Comparative Analysis of Medical Images
	4.3. Comparison of Treatment Effect
	4.4. Comparison of Adverse Reactions

	5. Discussion
	6. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

