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To explore the diagnostic value of MRI image features based on convolutional neural network for tubal unobstructed infertility, 30
infertile female patients were first selected as the research objects, who admitted to the hospital from May 2018 to January 2020.
They all underwent routine MRI examinations and CNN-based MR-hysteron-salpingography (HSG) examinations, in order to
discuss the diagnostic accuracy of the two examinations. In the research, it was necessary to observe the patients’ imaging results,
calculate the diagnosis rate of the two examination results, and analyze the application effect of the CNN algorithm, thereby
selecting the best reconstruction method. In this study, the analysis was conducted on the basis of no statistical difference in the
baseline data of the included patients. The results of undersampling reconstruction at 2-fold, 4-fold, and 6-fold showed that CNN
for data consistency layer (CNN_DC) had a better effect, and its peak signal-to-noise ratio (PSNR) was lower sharply than that of
the other two reconstruction methods, while the normalized mean square error (NMSE) and structural similarity index measure
(SSIM) were higher markedly than the values of the other two reconstruction methods. The diagnostic rate of routine MRI
examination of the fallopian tube and other parts of the uterus was lower than or equal to that of MR-HSG examination by CNN.
Routine MRI examinations of fallopian tube imaging artifacts were large, and the definition was reduced, which increased the
difficulty of identification. However, MR-HSG examination by CNN indicated that the imaging artifacts were low, the clarity was
high, and the influence of noise was small, which was conducive to clinical diagnosis and identification. For endometriosis, the
accuracy of MR-HSG was 33.33% and the accuracy of MRI was 46.67%. CNN MR-HSG inspection method was significantly better
than the conventional MRI inspection method (P < 0.05). Therefore, the results of this study revealed that MR-HSG examination
by CNN had a clear imaging effect and obvious inhibition effect on background signals and rapid image generation without the
need for reconstruction with the same spatial resolution, which improved the imaging quality and could provide a reference value
for clinical diagnosis and subsequent related studies.

1. Introduction

The medical definition of female infertility is that no con-
traceptive measures have been taken for more than one year,
and the sexual life is normal without a successful pregnancy.
Besides, it is mainly divided into primary infertility and
secondary infertility [1]. There are many causes of female
infertility, mainly including ovulation disorders, fallopian
tube factors, and abnormal endometrial receptivity. In
clinical diagnostic examinations, imaging examinations are

mainly relied on, combined with other examination
methods, to improve the accuracy of diagnosis [2]. More-
over, fallopian tube obstruction is the most common ana-
tomical cause of female infertility; imaging is the most
common way to detect infertility in women, so the medical
examination is used as the gold standard for evaluating the
patency of the fallopian tube [3-5].

At present, the commonly applied clinical imaging ex-
amination methods mainly include hysterosalpingo-con-
trast-sonography (HSS) and HSG. The accuracy of these two


mailto:yfy0047@njucm.edu.cn
https://orcid.org/0000-0002-5157-7091
https://orcid.org/0000-0002-7383-9873
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5175072

methods is relatively similar, and the operation is simple and
rapid, but only for patients with simple lesions. If accom-
panied by intrauterine fibroids endometriosis and other
diseases, the status of the fallopian tube cannot be clearly
evaluated [6].

MRI is the phenomenon of spin magnetic resonance,
which has been discovered on the basis of solid-state
microscopic quantum theory and the development of
radio microwave electronics technology. Paramagnetic
resonance was first observed in a water solution of
paramagnetic Mn salt in 1945, and then, cyclotron res-
onance of electrons and holes was observed in semi-
conductor silicon and germanium. After these magnetic
resonances have been discovered, they have been exten-
sively used in basic disciplines such as physics, chemistry,
biology, and new technologies such as microwave tech-
nology and quantum electronics [7]. Some advanced
equipment manufacturers and researchers continue to
optimize the performance of magnetic resonance scanners
to further expand their advantages for better clinical
application [8]. MRI has the advantages of simple oper-
ation and noninvasiveness. It is widely used in the field of
obstetrics and gynecology and is a very mature technol-
ogy. There are very rich adipose tissues around the female
reproductive system. MRI can present multidirectional
and high-resolution tissue imaging. Compared with in-
spection, it has obvious advantages. MRI can semi-
quantitatively study the endometrium, diffusion-weighted
imaging, and reflect the changes around the endometrium
through the movement of water molecules in the tissue.
MRI has a good application prospect in the evaluation of
the endometrium. MR-HSG is an examination method
combining magnetic resonance with obstetrics and gy-
necology examination technology, which can analyze the
causes of female infertility while evaluating the fallopian
tube normality, and this technology has become a com-
prehensive method for evaluating female infertility [9].

Deep learning technology is to directly obtain data
features from neural networks through the constructed
deep-level network and perform adaptive extraction of
features. It is widely used in medical image disease di-
agnosis. Some scholars apply the deep learning model to
the computer. In the convolutional layer, define a con-
volution kernel, which can be regarded as a “receptive
field.” When performing convolution operations, they
are input in a certain order. After this processing, the
characteristic of the input image can be obtained. As the
depth of the network increases, the abstraction degree of
the extracted image also increases, and the expressive
ability becomes stronger and stronger. In order to im-
prove the accuracy of the examination results, MRI
image reconstruction technology based on CNN was
applied in this study, which could add newly constructed
network layers to the original convolutional network to
achieve image reconstruction [10]. Therefore, 30 female
patients with infertility were included in this study, all of
which were examined by routine MRI and CNN-based
MR-HSG to explore the diagnostic accuracy of the two
examinations.
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2. Materials and Methods

2.1. Research Objects. A total of 30 female patients with
infertility, who were admitted to the hospital from May 2018
to January 2020, were selected as the research objects in this
study. They were 23-35 years old, with an average age of
27.54+5.24 years. The diagnostic criteria were referred to
the relevant diagnostic criteria in Diagnostic Criteria and
Interpretation of Infertility (Fertilization). The inclusion
criteria were defined to include patients who met the above
diagnostic criteria, had normal hormone levels and ovula-
tion cycles, did not receive traditional HSG examinations,
were not allergic to the relevant treatment and examination
drugs used in the treatment or examination in this study,
and were aware of and signed the informed consent forms
(their family members also known and signed the informed
consent forms). The exclusion criteria were defined to in-
clude patients who were combined with cognitive impair-
ment, had poor compliance and were unable to cooperate
with the researchers, recently received relevant medications,
were accompanied with malignant tumors of the repro-
ductive system, suffered from severe liver and kidney
damage, and had contraindications to MRI examination.
There is no significant difference compared with the general
data of patients (P <0.05).

2.2. Routine MRI Examination Method. Patients should
receive routine MRI and MR-HSG examinations during the
7™-13™ day of the menstrual cycle. The patients should
know the following instructions. Unprotected sex life should
be avoided for two weeks before the examination to prevent
pregnancy. Antibiotics should be taken or intravenously
dropped before the examination, and oral sedatives could be
taken to prevent nervousness and to avoid excessive artifacts
during the procedure. Routine MRI examinations were
performed using MRI diagnostic instrument (manufacturer:
Siemens Avanto; model: Optima 360). According to testing
parts, the body phase array surface coil was determined, and
the desired scanning range was wrapped, so that it covered
all the target area. The center of the front and rear coils
should be in a straight line, and then, the belly strap should
be fixed with moderate strength. The abdominal band should
be tightened as far as possible to ensure that the patient felt
comfortable without affecting the patient’s breathing
movement. The patient was asked to conduct breath-holding
training, and the breath-holding time should be greater than
18 seconds. All sequences were performed with deep in-
halation breath-hold scanning, including TIWI and T2WI
sequences with transverse fast spin echo (FSE) sequences
and axial FSE/T2WI sequences with short reversal time. The
scanning layer spacing and thickness were set as 5.3 mm, and
some patients could receive enhanced scanning after routine
scanning. Accurate lesion scanning was performed
according to the location of the lesion on the locator, and it
took about 6-8 minutes to complete the routine scanning.
The status of the patient was observed; if there was any
abnormality, stop immediately and give appropriate
treatment.
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2.3. MR-HSG Examination Method. During the MR-HSG
examination, it was necessary to prepare the contrast agent
first. 25 mL of mixed contrast agent was adopted to add 2 mL
of nuclear magnetic resonance contrast agent (Gd-DTPA) to
100 mL of iohexol. HSG applied 15 mL of iohexol so that the
configuration was completed 30 minutes before operation
and was stored in a 37°C incubator. 3-7 days after the end of
the menstruation, each patient received the examination.
Patients needed to take 20 mg of scopolamine butyrate orally
1 hour before surgery. After routine vulvar disinfection, a
guiding speculum was introduced to expose the cervix. Then,
the salpingography catheter was placed in the uterine cavity
and injected with 2-3 mL of normal saline for fixation. These
operations were performed by a radiologist with more than 5
years of routine HSG experience.

The German WideTEK 36 Art Scanner and 6-channel
torso phased array surface coil were used for MRI image
collection. Each patient was instructed to take a supine
position and underwent a routine pelvic scanning. The
scanning parameters were set as follows: in the axial SE
T1WT sequence, repetition time (TR) was 709 ms, echo
time (TE) was 16ms, reversal angle was 138° layer
thickness was 3mm, field of view (FOV) was
181 mm x 269 mm, and matrix was 224 x 320. In the axial
SE T2WI sequence, TR was 5,799 ms, TE was 95 ms, re-
versal angle was 140°, layer thickness was 4 mm, FOV was
181 mm x273 mm, and matrix was 256x320. In the
sagittal SE T2WI sequence, TR was 3,020ms, TE was
83 ms, reversal angle was 144°, layer thickness was 4 mm,
FOV was 223 mm x 281 mm, and matrix was 255 x 321.
The field of view of the dynamic enhanced scanning was
positioned on this sequence, and 25 mL of contrast agent
was manually injected, while the three-dimensional (3D)
TIWI gradient echo dynamic enhanced scanning was
performed simultaneously. Besides, TR was 3.24 ms, TE
was 1.25ms, reversal angle was 25°, layer thickness was
0.6 mm, FOV was 205mm x 500 mm, and matrix was
360 x 384, with 4 periods of scanning (17 seconds of each
period). Subtraction and maximum signal projection
images were generated by reconstruction. Five minutes
later, fast TIWI fat suppression sequence scanning (TR
3.78ms, TE 1.41 ms, reverse angle 10°, layer thickness
4mm, FOV 127 mm x 500 mm, and matrix 180 x 320) was
performed to show pelvic contrast diffusion.

2.4. MRI Image Reconstruction Model Based on Convolutional
Neural Network. Assuming that x€A” was a 2D MR image
complex signal spread into a column vector, n=n,n,, y=A,,
(m < n) was the observation sample, i€A” was the noise in the
frequency-domain sampling process, and it was usually
Gaussian noise. The imaging process of MR was as follows:

y=G,x+i. (1)

Among them, G, €A™" belonged to undersampling
calculation, and G, =mG. The equation included two steps.
Firstly, the Fourier operator was employed to transform the
MR signal into the domain, then the frequency-domain
signal was for undersampling through the frequency-

domain undersampling sample template m€A™*", and the
index corresponding to the above sampling points was set as
set C. The process of obtaining the original MRI signal x
from the observation signal y was MRI image
reconstruction.

The solution of equation (1) belonged to the reverse
process of the image seeking problem. Since G, was singular,
the result obtained by direct inversion was not accurate.
Therefore, in order to obtain stable and accurate results, it
was necessary to use the prior knowledge of the image to
solve, and the range of the solution can be restricted by
adding a regular term, which could be expressed as follows:

xS (x) + Ay - Gux”;. (2)

In equation (2), S (x) stood for the regular term about x
and A represented the adjustment factor. The consistency of
the reconstructed image and observed signal in the fre-
quency domain was adjusted based on the noise level. In this
process, CNN learned the abstract representation of the label
sample (real image) and the abstract representation learned
by the trained CNN could be used as the prior knowledge of
the MR image and added to the optimization equation as a
regular term as follows:

) = g (G )G - 103 3

In equation (3), 8 means the adjustable parameter, g,
stood for the forward propagation operation, the observa-
tion signal y was the aliased image obtained by the direct
inverse Fourier transform, x,, was the input of CNN, and the
reconstructed image was obtained through forward
propagation.

In equation (3), x,, was obtained from undersampling,
which violated the sampling theorem and caused aliasing in
the time domain. Therefore, the reconstruction of CNN
could be regarded as a time-domain antialiasing problem.
The reconstructed image of the entire network could be
expressed as follows:

Saun = Genn (o 1 C ). 4)

In order to promote the accuracy of reconstruction, this
process was generally subdivided into two steps: recon-
struction and data consistent operation.

During reconstruction, the training data W was input
(Xu> Xgnd)> Xgna could represent the real image, and the
network parameters were adjusted through the following
equation to finally obtain the optimal network:

9{(9)= Z A(xgnd’xcnn)' (5)

In equation (5), A stood for the loss function, considering
the mean square error loss:

2
g (6)

A(xgnd’ xcnn) = ||xgnd ~ Xenn

Consistent data operation required the least square
evaluation of equation (3):
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<x - 9cnn<g)> +1G,(G,x - y) =0. (7)
Equation (7) was simplified to get equation (8):
(P+)GLG,)x = gmn<x—é‘> +AGLy. (8)

Fourier operator G was adopted to convert the data to
frequency-domain calculation as follows:
xu

(P +1GG,G,G")Gx = chnn< 5

) +AGGLy,  (9)
where Y= Gxcyy = Ggenn(x,/0) and T = GGf4 y, so equation
(9) could be written as the main element operation form,
which could be expressed as follows:
Tenn (1) + ATo () (11) +;T° @D fiec,
Y (i) = " (10)

Tenn (),

During the image analysis, two physicians at the deputy
director level would independently evaluate the patency of
the fallopian tubes and other abnormalities. If the two sides
disagreed, a third physician of the same level would par-
ticipate in the evaluation.

ifi ¢ C.

2.5. MRI Image Structure Model Based on CNN. The con-
volutional neural network for MR image reconstruction
mainly consists of an input layer, a convolutional layer, an
activation layer, and an output layer. It contains three
convolutional layers. The convolutional layer is composed of
multiple feature surfaces, which are composed of multiple
neurons. Each neuron is connected to the local area of the
feature surface of the previous layer through the defined
convolution kernel. The undersampled multichannel image
block is used as the input of the network, and all fully
sampled images are obtained through SOS (square root of
the sum-of-squares) to acquire a single-channel fully sam-
pled image, which is then used as the output label of the
network (Figure 1).

2.6. Statistical Methods. Statistical analysis was performed
using SPSS23.0 software. The Kolmogorov-Smirnov test
was employed to test whether the measurement data
conformed to the normal distribution. Normally dis-
tributed data were represented by (X + s), and those with
skewed distribution were represented by the median
(upper and lower quartiles) [M(Q1, Q3)]. The count data
were represented by the number of cases and percentages.
The Kappa value was applied to evaluate the consistency of
MR-HSG and HSG in the diagnosis of fallopian tube
patency. The Kappa value of 0.41-0.60 was moderately
consistent, 0.61-0.80 was good, and 0.81-1.00 was good.
The y° test was adopted to compare the differences be-
tween MRI and MR-HSG in the diagnosis of fallopian
tubes. In addition, P <0.05 indicated that the difference
was statistically substantial.
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MR image
F1GUre 1: CNN-based MRI reconstruction model training struc-
ture diagram.

3. Results

3.1. Evaluation of Reconstruction Results. The PSNR, NMSE,
and SSIM of the inverse fast Fourier transform (IFFT),
CNN_DC, and CNN with nondata conformance layer
(CNN_NDC) were calculated, and the results are shown in
Tables 1-3. It was found that the undersampling recon-
struction results at 2, 4, and 6 times all showed that
CNN_DC had a better effect, and its PSNR was lower steeply
than the other two reconstruction methods. However,
NMSE and SSIM were higher markedly than the index
values of the other two reconstruction methods, and the
differences were statistically huge (P <0.05).

3.2. Comparison on the Two Examination Results.
Figures 2 and 3 indicate that the diagnostic rate of routine
MRI examination of fallopian tubes and other parts of the
uterus was lower than or equal to the rate of MR-HSG
examination by CNN, with a statistically marked difference
(P<0.05).

3.3. Comparison of the Two Imaging Examination Results.
There is no significant difference compared with the general
data of patients. The results of MRI and MR-HSG detection
of fallopian tubes by randomly selected patients are shown in
Figures 4 and 5. Figures 4 and 5 disclose that the routine MRI
examination of the fallopian tube had large imaging artifacts,
and the definition was reduced, which increased the diffi-
culty of identification. What is more, the MR-HSG exam-
ination by CNN indicated that the imaging artifacts were
low, the definition was high, and the impact of noise was
small, which was conducive to clinical diagnosis.

4. Discussion

In recent years, fallopian tube lesions have gradually become
the main cause of female infertility. Current clinical ex-
amination methods can clearly understand uterine-related
lesions and fallopian tube morphology. However, routine
imaging examinations have many shortcomings, including
radiation, iodine-containing contrast agent, allergy, and
infection, which have a great impact on patients [11-13].
MRI is a means of tomography examination and the use of
static magnetic fields and protons in the body together to
generate radio frequency pulses, thereby being secondary to
the phenomenon of magnetic resonance. When the reaction
stops, the MR signal can appear. The amount of information
provided by MRI is far greater than that of many other
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TaBLE 1: Evaluation of MRI image reconstruction results based on
CNN (2-time undersampling reconstruction).

Reconstruction methods/indicators PSNR ~ NMSE  SSIM
IFFT 0.132 30.69 0.785
CNN_DC 0.015 48.76 0.996
CNN_NDC 0.059 37.72 0.971

TaBLE 2: Evaluation of MRI image reconstruction results based on
CNN (4-time undersampling reconstruction).

Reconstruction methods/indicators PSNR ~ NMSE  SSIM
IFFT 0.310 23.62 0.668
CNN_DC 0.056 38.89 0.943
CNN_NDC 0.137 30.16 0.901

TaBLE 3: Evaluation of MRI image reconstruction results based on
CNN (6-time undersampling reconstruction).

Reconstruction methods/indicators PSNR ~ NMSE  SSIM
IFFT 0.276 24.55 0.672
CNN_DC 0.068 36.31 0.941
CNN_NDC 0.147 29.92 0.892
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F1GURE 2: Comparison of the examination results of fallopian tubes
(note: A: bilateral obstruction of fallopian tubes; B: bilateral partial
obstruction; C: unilateral obstruction + unilateral partial obstruc-
tion; D: unilateral obstruction + unilateral partial obstruction; E:
hydrosalpinx).

imaging examinations. Therefore, it has great potential
advantages for the diagnosis of diseases. It can directly make
transverse, sagittal, coronal, and inclined plane images and
will not produce artifacts similar to CT detection. The de-
tection effect of the craniocerebral tumor, hematoma, hy-
drocephalus, and other common diseases is good, and it is
also effective in diagnosing diseases such as lumbar posterior
disc protrusion and primary liver cancer. This study showed
that the accuracy rate of MR-HSG for endometriosis was
33.33%, the accuracy rate of MRI was 46.67%, the proportion
of pelvic inflammatory cases detected by MR-HSG was
43.3%, and the proportion of cases detected by MRI was
43.3%. The ratio was 30%. The detection rate of MR-HSG for
uterine fibroids was 23.33%, and the detection rate of MRI
was 16.67%. The detection accuracy of MR-HSG was
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F1GURE 3: Comparison of the examination results of other lesions of
the uterus (note: A: uterine adenomyosis; B: endometriosis; C:
pelvic inflammatory disease; D: uterine fibroids; E: contrast
countercurrent).

significantly higher than that of MRI. Compared with the
routine examination of obstetrics and gynecology, MRI
greatly reduces radiation damage [14] and can accurately
display the internal organs and surrounding tissue structure
of the pelvic cavity [15, 16], thus showing significant ad-
vantages in the differential diagnosis of some reproductive
system diseases. MR-HSG combines MRI technology with
the gynecological examination, which greatly reduces ra-
diation damage and greatly improves the accuracy of de-
tection results [17].

MR-HSG is an imaging examination method that uses
multisequence and thick-layer projection, which gener-
ates images while scanning, which accurately records the
scanning process, with the advantage of high spatial
resolution [18, 19]. MR-HSG technology makes the fal-
lopian tube visible, which is convenient for doctors’
clinical differential diagnosis. At present, this examina-
tion method has become a research hotspot. The CNN in
the deep learning algorithm was adopted in this study to
reconstruct the MR-HSG imaging, which could markedly
improve the imaging quality. The results of this study
revealed that the undersampling reconstruction results at
2, 4, and 6 times all showed that CNN_DC had a better
effect, and its PSNR was sharply lower than the other two
reconstruction methods, while NMSE and SSIM were
higher hugely than the other two reconstruction methods.
Thus, it showed that the reconstruction effect of CNN_DC
based on CNN was good, which was conducive to im-
proving the clarity of imaging, reducing artifacts, and
decreasing other interference.

Volondat et al. [20] compared and analyzed the diag-
nostic accuracy of MRI hysterosalpingography and con-
ventional hysterosalpingography for female infertility. The
scores for the detection of the fallopian tube or intraluminal
abnormalities between patients and scorers were 0.92 and
0.76 uterus. Salpingogram can be used for a single com-
prehensive examination of female infertility. In this study,
the currently applied contrast agent was adopted, and the
contrast agent injection method was emphasized. During
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(®)

FIGURE 4: Results of routine MRI examination. (a) The obstructed left fallopian tube; (b) the poorly obstructed left fallopian tube.

(©)

FIGURE 5: MR-HSG examination results. (a) Left fallopian tube obstruction; (b) bilateral fallopian tube obstruction; (c) proximal fallopian

tube obstruction.

the examination, it was found that the intrauterine envi-
ronment and the fallopian tube under the dynamic scan-
ning were clearly visible, and the continuity was good. This
technology had an obvious inhibition effect on background
signal, relatively rapid image generation, and no need for
reconstruction. The imaging results suggested that the
imaging artifacts of routine MRI examination of the fal-
lopian tube were larger, and the definition was reduced,
which rose the difficulty of identification. The MR-HSG
examination by CNN found that the imaging artifacts were
low, the definition was high, and the noise influence was
small, which was conducive to clinical diagnosis and dis-
crimination, thereby confirming the superiority of the MR-
HSG examination. Through the analysis of the imaging
results, it was found that the diagnosis rate of routine MRI
examination of the fallopian tube and other parts of the
uterus was lower than or equal to the diagnosis rate of the
MR-HSG examination by CNN. Therefore, the MR-HSG
examination by CNN was applicable for the clinical di-
agnosis of infertility.

5. Conclusion

This study used the convolution neural network-based MRI
image reconstruction technology, adding a new network
layer to the original convolution network to achieve image
reconstruction. 30 cases of female infertility patients were
selected, all underwent conventional magnetic resonance,
and convolution neural network-based magnetic resonance
salpingography was undertaken to explore the diagnostic
accuracy of the two methods. The results showed that the
imaging effect of MR-HSG examination by CNN was clear,
the background signal suppression effect was obvious, the
image was generated quickly, no reconstruction was re-
quired, the spatial resolution was the same, the imaging
quality was improved, and it was worthy of further clinical
promotion and use.

The disadvantage of this study is that it fails to record the
imaging results completely, which results in the loss of part
of the data and could not fully reflect the entire research
process.
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The sample size in the research is too small, and it needs
to be expanded to illustrate the accuracy of the research
results. Therefore, further research is needed to improve the
clinical reference value.

Data Availability

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