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This study was aimed to enhance and detect the characteristics of three-dimensional transvaginal ultrasound images based on the
partial differential algorithm and HSegNet algorithm under deep learning. Thereby, the effect of quantitative parameter values of
optimized three-dimensional ultrasound image was analyzed on the diagnosis and evaluation of intrauterine adhesions. Spe-
cifically, 75 patients with suspected intrauterine adhesion in hospital who underwent the hysteroscopic diagnosis were selected as
the research subjects. The three-dimensional transvaginal ultrasound image was enhanced and optimized by the partial differential
equation algorithm and processed by the deep learning algorithm. Subsequently, three-dimensional transvaginal ultrasound
examinations were performed on the study subjects that met the standards. The March classification method was used to classify
the patients with intrauterine adhesion. Finally, the results by the three-dimensional transvaginal ultrasound were compared with
the diagnosis results in hysteroscope surgery. The results showed that the HSegNet algorithm model realized the automatic
labeling of intrauterine adhesion in the transvaginal ultrasound image and the final accuracy coefficient was 97.3%. It suggested
that the three-dimensional transvaginal ultrasound diagnosis based on deep learning was efficient and accurate. The accuracy of
the three-dimensional transvaginal ultrasound was 97.14%, the sensitivity was 96.6%, and the specificity was 72%. In conclusion,
the three-dimensional transvaginal examination can effectively improve the diagnostic efficiency of intrauterine adhesion,

providing theoretical support for the subsequent diagnosis and grading of intrauterine adhesion.

1. Introduction

Intrauterine adhesion is a common gynecological disease,
also known as Asherman syndrome in clinical practice. Its
symptoms were first described by Fritsch in 1894 and were
not reported in detail by Asherman for the first time until
1948 [1-4]. The main reason for intrauterine adhesion is the
trauma of the pregnant or nonpregnant uterus, resulting in
damage to the base of the endometrium and then partial
occlusion of the uterine cavity. The intrauterine adhesions
caused by nonpregnancy only accounted for 9% of the total
[5]. Intrauterine adhesion in different parts and of different
degrees differs in clinical manifestations, but the essence of
intrauterine adhesion is the fibrosis of the endometrium.
In recent years, the incidence of intrauterine adhesion
has increased significantly due to the annual increase in
abortion and medical abortion. In China, intrauterine

adhesion has become the second leading cause of female
infertility following fallopian tube factors. Studies have
shown that the incidence of intrauterine adhesion is as high
as 25% ~ 30% after multiple abortions and curettage after a
miscarriage can cause [6, 7]. The symptoms such as ab-
dominal pain, reduced menstruation, and infertility caused
by intrauterine adhesion are extremely difficult to treat and
the recurrence rate is high, seriously threatening women’s
reproductive health and mental health [8]. Intrauterine
adhesion is generally divided into mild, moderate, and se-
vere stages. Intrauterine adhesion in different stages has
different treatment options and prognoses. For mild in-
trauterine adhesion, equipment blunt separation or uterine
cavity liquid injection expansion program are mainly used
and good curative effects and prognostic effects have been
realized; for moderate intrauterine adhesion, hand hys-
teroscopy is performed for deadhesion and postoperative
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estrogen adjuvant treatment is required; for severe intra-
uterine adhesion, hysteroscopic intrauterine adhesion sep-
aration is required. However, there is a high probability of
complications and perforation bleeding during the opera-
tion, the postoperative prognosis is not optimistic, and the
probability of a successful pregnancy is only 22.5% ~ 33.3%
[9, 10]. Therefore, the early diagnosis and early treatment of
intrauterine adhesion are of great significance. Correct di-
agnosis and staging evaluation can provide an effective basis
for the diagnosis and treatment of intrauterine adhesion.

Currently, the main diagnostic methods for intrauterine
adhesion include hysteroscopy and transvaginal ultrasound.
Hysteroscopy has been clinically determined to be the gold
standard for the diagnosis and treatment of such diseases
[11]. It has high specificity and enables the doctor to observe
the characteristics of the uterine cavity under direct vision so
that the location and range of intrauterine adhesion can be
accurately and effectively evaluated, which is an important
basis for the prognosis of subsequent treatment. However,
hysteroscopy is invasive, which will affect the patient’s body
and spirit and has high requirements on the experience of
the operator. At the same time, there exists the risk of
perforation bleeding during the operation. Therefore, its
applications are limited in the clinic. The vaginal three-di-
mensional ultrasound examination is a widely used clinical
imaging method. In addition to intrauterine adhesion, it has
high specificity for a variety of gynecological diseases. It is
characterized by simple operation, noninvasiveness, and low
examination cost [12, 13] and is thus generally accepted by
patients. Nevertheless, in practice, factors, such as physical
movement, special examination parts, heartbeat, and
breathing, will cause blur, artifacts, and noise in the image.
Deep learning has been widely used in search, data mining,
natural language processing, and image analysis [14].

The image restoration method based on deep learning
can restore the damaged image well and the restored image
contains rich image feature information. In the process of
transmitting and acquiring digital images, the signal may
change due to the imaging principle, sensor defects, im-
perfect instruments, changes in the surrounding environ-
ment, various other human factors, etc. In addition,
transmission errors and image compression will cause noise,
which will pollute the original image, blur the image in-
formation, and reduce the image quality. It affects the ob-
servation, processing, understanding, and use of image
information, and ultimately the image will lose the basic
function and significance of information storage. The sub-
sequent processing of the image will also be affected. Thus, it
has become one of the key steps in image and video pro-
cessing to denoise for the image quality improvement. The
noise and detail texture are in the high-frequency area of the
image, but most of the image information is stored in the
edge part. In the process of denoising, the texture infor-
mation will be mistakenly filtered out as being considered to
be the noise, which will result in blur for image information
loss. Therefore, there is an irreconcilable contradiction be-
tween detail texture information protection and image
denoising. The goal of image denoising is to maintain the
edge and texture detail information as much as possible
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while removing noise. The traditional image denoising al-
gorithm cannot balance the contradiction, but the partial
image denoising algorithm under deep learning could
achieve the selective smooth to balance the contradiction. As
a result, it can directly reflect the degree of cervical adhesion
and provide important parameters such as the volume of the
endometrium in the uterine cavity.

In this study, the partial differential algorithm and
HSegNet algorithm under deep learning were applied for the
processing of three-dimensional transvaginal ultrasound
images. As the diagnosis of intrauterine adhesions was done
based on it, its application effects were evaluated, which
provided reference for the improvement of the clinical di-
agnosis of intrauterine adhesions.

2. Materials and Methods

2.1. Research Subject. Seventy-five patients with suspected
intrauterine adhesion in hospital who underwent hystero-
scopic diagnosis were selected as the research subjects. They
were between 24-45 years old and the average age was
36.4 £ 2.3 years old. All patients did not have other diseases
on the uterine cavity such as uterine cavity polyps and
submucosal fibroids.

Inclusion criteria: (I) patients with clinical symptoms
related to intrauterine adhesion, (II) routine ultrasound
examinations confirmed that the patient had no other
uterine cavity diseases, (III) patients with infertility, oligo-
menorrhea, and other problems requiring hysteroscopic
surgery, and (IV) patients who have signed an informed
consent form for treatment.

Exclusion criteria: patients who cannot undergo hys-
teroscopic surgery for other reasons.

2.2. Three-Dimensional ~ Transvaginal — Ultrasound
Examination. The specific steps were as follows. Step (I):
before the examination, the patient needed to empty the
urine in the bladder. Step (II): the patient was in the li-
thotomy position. RIC5-9H transvaginal probe was dis-
infected with an iodine cotton ball and an appropriate
amount of couplant was squeezed into the condom which
was put on the probe. Step (III): the operator put on the
gloves, told the patient to relax, held the probe handle in the
right hand, and slowly sent the probe into the vaginal vault.
Step (IV): the pelvic cavity was scanned layer by layer using
basic techniques such as rotation, tilting, and pumping to
observe the general condition of the uterus and appendages,
and then, the diagnosis was determined by color Doppler
ultrasound apparatus. Step (V): if the position of the uterus is
high, the operator can use the left hand to gently press the
lower abdomen for better display.

2.3. Hysteroscope Examination Methods. The patients knew
clearly the experiment and singed the informed consents
after sufficient preoperative consultation. Before the surgery,
the patients had an absolute diet; the vulva, vagina, and
cervix were disinfected with covering disinfection towels, in
the bladder lithotomy position. The anterior lip of the cervix
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was clamped with cervical forceps to explore the depth of the
uterine cavity, and the cervix was expanded to a half size
larger than the diameter of the outer sheath of the hys-
teroscope. The hysteroscope was connected to the television
camera, light source, and uterine dilation system. The air
bubbles in the uterine dilation fluid were drained out, and
the hysteroscope was put into the uterine cavity slowly while
swelling the uterus. The uterine cavity was inspected in
detail, in the order of the fundus, the uterus walls, the
corners, the ostium of the fallopian tube, the internal cervix,
and the cervical canal. If a viable tissue needed to be taken,
the microforceps was used to locate and pick the sample
through the operating hole.

The general condition of the patients must be concerned
all the time during the surgery. When there was shortness of
breath or coughing, the surgery was stopped immediately;
meanwhile, the gas was released and the symptomatic
treatment was given. When the cervical canal of patients was
tight, forcible expansion was inadvisable to prevent bleeding
from the rupture of the cervical canal. The examination time
was preferably within 5 minutes. Injury in the uterine cavity
was avoided; otherwise, there would be a risk of air
embolism.

2.4. Staging Criteria of Intrauterine Adhesion. Nowadays,
there are three main clinical classification and scoring
standards for intrauterine adhesion [15, 16]. In this study,
the AFS classification method by the American Reproduc-
tive Association is mainly used and the March classification
method is used as the basis for three-dimensional ultrasound
classification evaluation.

As per the AFS classification, the narrow range of the
uterine cavity <1/3 scores 1, with 1/3 ~2/3 scoring 2 and > 2/
3 scoring 4. According to the type of adhesion, 1 point was
for film-like adhesions, adhesion between the thin film and
dense scores 2 points, and dense adhesion scores 4 points.
According to menstrual condition, menstrual increase
scores 0, minor menstruation scores 2 points, and amen-
orrhea scores 4 points. 1-4 points are considered mild; 5-8
points are considered moderate; 9-12 points are considered
severe.

2.5. Differential Equation Algorithm to Restore Transvaginal
Ultrasound Images. The overall variational image restora-
tion model (TV model) in the differential equation algo-
rithm has excellent anisotropic diffusion. It can also perform
denoising while restoring the image, and it is relatively
simple in terms of calculation and solution.

Assuming that the restored image is F=RUE, the
cost function of the image to be restored is expressed as
follows:

T(f) = jfr<|vf|>dx dy. (1)

At the edge of the area that needs to be repaired, there is
an impact function. At this time V.. Then, the standby
function needs to satisfy the following conditions:

Jfr<|Vf'>dx dy <oo. (2)

In the differential equation algorithm model,
r( IVfI) =7( IVf |). Then, the function at this time is expressed
as follows:

T(f) = va|dx dy. 3)

If denoising is performed in the process of restoring the
image, the following conditions must be met:

> 1 Nt
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where 8? is the variance of Gaussian noise, s (E) represents
the undamaged part of the image, f is the restored image,
and f is the original image with noise. Combining equa-
tions (3) and (4), we can obtain the overall energy functional
function:

GA<f)=j |V |dx dy + j \f = fol’dx dy,  (5)

where A represents the Lagrange multiplier. Next, the
minimum value of the energy functional function of this
model is solved:

E(f) = xy,f(p > dx dy. (6)
J ¢x’ gy

To take the minimum value, the following conditions
should be met:

D,-—D, --D, =0. 7
f ¢JC fx by fy (7)

In the TV model in the differential algorithm equation,

D( L 60 m 9, 9y Z(f Jo)
(8)

Combining equations (8) and (7), we can obtain the
minimum energy functional equation of the TV model:
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For a certain point z = (x, y) € w on the image, the
Lagrange multiplier in equation (9) satisfies the following

conditions:
A, zE€E,
A= { (10)

O, zeD.

2.6. HSegNet Algorithm for Marking Intrauterine Adhesion in
Transvaginal Ultrasound Images. In this study, the



HSegNet algorithm is used to judge and label the intra-
uterine adhesion parts in the ultrasound image. The
HSegNet algorithm is based on a deep learning framework
and consists of a two-level network, using an automatic
context model [12]. The overall framework is shown in
Figure 1.

The HSegNet algorithm takes a three-dimensional
transvaginal ultrasound image as input, uses the encoder
part of the network model to encode it to obtain high-di-
mensional features, and then uses the existing doctor marks
for learning. The HSegNet algorithm is a typical deep
learning convolutional neural network (CNN). In the
HSegNet algorithm, we need to correct the error value
obtained in the calculation using the cross-entropy loss
function Softmax. If F, is the output of x;, then the cross-
entropy loss function is expressed as follows:

e
F, = ST (11)

Next, the cross entropy of each pixel is further calculated
as follows:

T(i) =) y,log(d,a), (12)

a=1

where T (i) represents the cross entropy of the ith pixel, y;,
represents the true label of the ith pixel, and d;and a rep-
resent the probability of the ith pixel. Then, the final loss cost
function is expressed as follows:

EXFxP

> T (13)

Loss = ——
ExFxp &

2.7. Statistical Standards. SPSS19.0 software was used for
statistical analysis. Measurement data conforming to normal
distribution were expressed as mean + standard deviation
and comparisons between groups were realized by inde-
pendent sample ¢-test; measurement data that did not
conform to normal distribution were expressed by the
median value and four-point position representation, and
the nonparametric rank-sum test was used to analyze the
difference between groups. Count data were expressed by n
(%) and the comparison of differences between groups was
analyzed by the chi-square test. P <0.05 indicated that the
difference was statistically significant.

3. Results

3.1. The Repair Effects of the Differential Equation Algorithm
on the Three-Dimensional Transvaginal Ultrasound Image.
The differential equation model image restoration algorithm
of deep learning was used to optimize the undersampled
three-dimensional transvaginal ultrasound image. As shown
in Figure 2, the undersampled three-dimensional trans-
vaginal ultrasound image contained more noise and blur.
After the image was reconstructed by the differential
equation algorithm model, the structure was clearer.
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3.2. The Effectiveness of HSegNet Algorithm Model to Label the
Transvaginal ~Ultrasound Image. In this study, the
HSegNet algorithm model was used to realize the automatic
labeling of intrauterine adhesion in the transvaginal ultra-
sound image. To solve the serious fuzzy shadow problem in
the three-dimensional ultrasound image, a differential
equation algorithm was used to repair and enhance the
original image, and the automatic context model was used to
improve the final automatic labeling accuracy. After com-
parison with the manual labeling by the doctor, the algo-
rithm was found to reach an accuracy rate of 97.3%. Figure 3
was the schematic diagram of automatic labeling, and
Figure 4 was the manual labeling by the doctor.

3.3. Three-Dimensional Transvaginal Ultrasound Diagnosis
and Hysteroscopy Diagnosis Results. Three-dimensional
transvaginal ultrasound imaging and hysteroscopy were
performed on 75 patients included in the study, and the
diagnosis results were compared and analyzed. It was
found that 68 of the 75 patients were judged as intra-
uterine adhesion through three-dimensional ultrasound.
Compared with the diagnosis results of 70 cases of hys-
teroscopy, the accuracy of three-dimensional transvaginal
ultrasound images was 97.14%, the sensitivity was 96.6%,
and the specificity was 72%. As for the degree of intra-
uterine adhesion for 75 patients, there were 39 cases of
mild patients, accounting for 57.35%, 20 cases of moderate
patients, accounting for 29.41%, and 9 cases of severe
patients, accounting for 13.23%. As shown in Figure 5,
there was no statistical difference in the diagnosis rates
(P>0.05) of the two methods and the accuracy of three-
dimensional transvaginal ultrasound alignment was 100%
in the diagnosis of moderate and severe intrauterine
adhesion.

3.4. Analysis of the Value of Each Parameter of Three-Di-
mensional Transvaginal Ultrasound in the Diagnosis of In-
trauterine Adhesion. After the diagnosis by three-
dimensional transvaginal ultrasound imaging on 75 pa-
tients included in this study, several indexes of endometrial
volume (V) and endometrial blood flow parameters (VI, FI,
VEFI) were collected. The average endometrial volume of 7
subjects with normal uterine cavity was 4.13 + 0.66 cm’,
and the average endometrial blood flow parameters (V1, FI,
VFI) were 4.25+1.30%, 27.76 + 4.87, and 1.37 + 0.62, re-
spectively. There were 39 patients with mild intrauterine
adhesion. The mean endometrial volume was
2.38+0.74cm’, and the mean endometrial blood flow
parameters (VI, FI, VFI) were 3.47 £+ 1.19%, 24.69 + 4.13,
and 0.73 + 0.37, respectively. There were 20 patients with
moderate intrauterine adhesion. The average endometrial
volume was 1.73 + 0.54 cm”’, and the average endometrial
blood flow parameters (VI, FI, VFI) were 2.47 + 0.59%,
20.26 + 4.83, and 0.53 £ 0.29, respectively. There were 9
patients with severe intrauterine adhesion. The mean en-
dometrial volume was 1.12 + 0.34cm’, and the mean en-
dometrial blood flow parameters (VI, FI, VFI) were
1.47 £ 0.39%, 16.56 +1.13, and 0.25 + 0.57, respectively.
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FIGURE 1: The overall framework of the HSegNet algorithm.

FIGURE 3: Schematic diagram of automatic labeling by the HSegNet algorithm model ((a) unlabeled and (b) automatically labeled in-
trauterine adhesion).
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FIGURE 4: Comparison of automatic labeling by the HSegNet algorithm model and manual labeling ((a) unlabeled, (b) manual labeling by

the doctor, and (c) the automatic labeling by the algorithm).
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FIGURE 5: Three-dimensional transvaginal ultrasound diagnosis
and hysteroscopy diagnosis results and intrauterine adhesion
classification.

The parameters of different degrees of intrauterine adhe-
sion are shown in Figures 6 and 7.

3.5. Accuracy of the Three-Dimensional Transvaginal Ultra-
sound Quantitative Measurement to Diagnose the Intrauterine
Adhesion. The accuracy of the three-dimensional trans-
vaginal ultrasound quantitative measurement was evaluated
based on the endometrial volume (V) and endometrial blood
flow parameters (VI, FI, VFI) parameters. Figure 8 shows the
specific results.

4., Discussion

Intrauterine adhesion is a common stubborn gynecological
disease, also known as Ashman syndrome, arising from the
partial or complete occlusion of the uterine cavity due to the
damage of the endometrium. In general, infection or im-
proper abortion surgery may cause damage to the endo-
metrium, which will cause the damaged endometrium to
adhere to each other. The main clinical symptoms include

Endometrial volume (cm?)
= g e =
— wul [38) w W w > w

e
w

4.13
- - - - .‘\'1;\7‘-3 - - - -
- - el 112

Normal Mild Moderate Severe
group adhesion adhesion adhesion

(=]

Classification of intrauterine adhesions

FIGURE 6: The endometrial volume of different degrees of intra-
uterine adhesion.

Severe h
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adhesions
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0 5 10 15 20 25 30 35
Intimal blood flow parameters
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F1Gure 7: The intimal blood flow parameters of different degrees of
intrauterine adhesion.

abnormal menstruation or amenorrhea, infertility, and
abdomen pain. At present, ultrasound examination is mainly
used to diagnose intrauterine adhesion in clinical practice
because of its convenient operation, noninvasiveness, low
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FIGURE 8: Accuracy of the three-dimensional transvaginal ultra-
sound quantitative measurement.

price, and high repeatability. In the past, two-dimensional
examinations were often used in clinical practice. Nowadays,
three-dimensional ultrasound is mostly used. Three-di-
mensional ultrasound examinations have precise electron-
ically controlled probes and three-dimensional image
acquisition programs, which can achieve the automatic
acquisition of three-dimensional images [17].

The traditional two-dimensional transvaginal ultrasound
can accurately measure the thickness of the patient’s en-
dometrium and can observe the echo changes of the en-
dometrium and intrauterine effusion. However, the overall
shape of the uterine cavity cannot be judged. In the diagnosis
of intrauterine adhesion, traditional two-dimensional ul-
trasonography has great limitations, and it is prone to
missed diagnoses and misdiagnoses [18]. As the intrauterine
adhesions in 75 patients were graded, the mild patients
accounted for 57.35%, moderate patients accounted for
29.41%, and severe ones accounted for 13.23%. According to
hysteroscopy diagnosis, there were 61.42% of mild patients,
28.57% of moderate patients, and 13.23% of severe patients.
The results of three-dimensional transvaginal ultrasound
and hysteroscopy and the grades of intrauterine adhesions
are shown in Figure 5, and there was no statistical difference
between the diagnosis rates under the two methods
(P>0.05). The transvaginal three-dimensional ultrasound
examination makes it possible to observe the coronal section
that is difficult to detect by two-dimensional ultrasound
when diagnosing patients with intrauterine adhesion.
Hence, it makes up for the limitations of two-dimensional
ultrasound. In addition, three-dimensional ultrasound can
effectively observe the patient’s uterus and the anatomical
relationship and location of the lesion so that the doctor can
observe the endometrium at various angles, which greatly
reduces the occurrence of missed diagnoses and misdiag-
noses. The automatic labeling of the intrauterine adhesions
was achieved in the transvaginal ultrasound images under
the HSegNet algorithm model, with the final accuracy co-
efficient of 97.3%. It also had a good consistency with the
doctors’ manual labeling. It was suggested that the three-
dimensional transvaginal ultrasound image diagnosis under
deep learning was efficient and accurate currently. The ac-
curacy of transvaginal three-dimensional ultrasound

imaging was 97.14%, together with a sensitivity of 96.6% and
a specificity of 72%.

At present, the main classification methods for intra-
uterine adhesion include the European Society of Gyneco-
logical Endoscopy SGE classification [19], the American
Society of Reproductive Society AFS classification, and
March classification. They all divide the intrauterine adhe-
sion into three levels: mild, moderate, and severe according
to the scope and characteristics of intrauterine adhesion.
There has not been a unified classification standard, but
March classification is often used in China. The precise
grading of intrauterine adhesion can effectively improve the
clinical treatment effects of intrauterine adhesion. Clinically,
three-dimensional transvaginal ultrasound mainly judges
the specific conditions of the uterine cavity by observing data
such as endometrial thickness, endometrial echo, intra-
uterine adhesion site, and adhesion range. Compared with
traditional two-dimensional ultrasound, three-dimensional
transvaginal ultrasound has obvious advantages in observing
the scope and details of the surface in the uterine cavity.

Compared with traditional two-dimensional ultrasound,
the three-dimensional transvaginal ultrasound under deep
learning had obvious advantages in the diagnosis of intra-
uterine adhesions. However, there were also some short-
comings, such as the limitations when targeting at peripheral
intrauterine adhesions and mild adhesions [20, 21]. There
appear missed diagnoses in the diagnosis of mild adhesions.
Therefore, in the diagnosis of clinically suspected intrauterine
adhesion, a more comprehensive observation method is re-
quired. In the study, it was found that the intrauterine ad-
hesions and their degrees could be diagnosed more effectively
and accurately, as three-dimensional transvaginal ultrasound
under deep learning was combined with data analysis of en-
dometrial volume (V) and endometrial blood flow parameters
(VL FIL, VFI). There was a positive and effective significance for
the development of grading standards for intrauterine adhe-
sions, and a practical theoretical basis for the subsequent di-
agnosis and treatment of intrauterine adhesions was provided.

5. Conclusion

The objective of this study was to use deep learning tech-
nology to optimize the three-dimensional transvaginal ul-
trasound image to diagnose intrauterine adhesion. The results
showed that the transvaginal three-dimensional examination
image processed by the partial differential algorithm had less
noise and clearer structure. However, some limitations in the
study should be noted. The sample size is small, which will
reduce the power of the study. In the follow-up, expanded
sample size is necessary to strengthen the findings of the
study. In conclusion, the three-dimensional transvaginal
examination can effectively improve the diagnostic efficiency
of intrauterine adhesion, providing theoretical support for the
subsequent diagnosis and grading of intrauterine adhesion.

Data Availability

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