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This study was to analyze the diagnostic value of magnetic resonance imaging (MRI) for gastric cancer (GC) lesions and the
treatment eﬀect of complete laparoscopic radical resection (CLSRR). A malignant tumor recognition algorithm was constructed in
this study based on the backprojection (BP) and support vector machine (SVM), which was named BPS. 78 GC patients were
divided into an experimental group (received CLSRR) and a control group (received assisted laparoscopic radical resection
(ALSRR)), with 39 cases in each group. It was found that the BPS algorithm showed lower relative mean square error (MSE) in axle
x (OMSE, x) and axle y (OMSE, x), but the classiﬁcation accuracy (CA) was the opposite (P < 0.05). The postoperative hospital stay,
analgesia duration, ﬁrst exhaust time (FET), and ﬁrst oﬀ-bed activity time (FOBA) for patients in the experimental group were less
(P < 0.05). The operation time of the experimental group (270.56 ± 90.55 min) was signiﬁcantly longer than that of the control
group (228.07 ± 75.26 min) (P < 0.05). There were 3 cases of anastomotic ﬁstula, 1 case of acute peritonitis, and 2 cases of lung
infections in the experimental group, which were greatly less than those in the control group (7 cases, 4 cases, and 3 cases)
(P < 0.05). In short, the BPS algorithm was superior in processing MRI images and could improve the diagnostic eﬀect of MRI
images. The CLSRR could reduce the length of hospital stay and the probability of complications in GC patients, so it could be used
as a surgical plan for the clinical treatment of advanced GC.

1. Introduction
Gastric cancer (GC) is a malignant tumor originating from
the epithelium of the gastric mucosa. It ranks the ﬁrst in the
incidence of various malignant tumors in China. With the
changes in people’s lifestyle and eating habits in recent years,
the incidence has also increased year by year. It has become
one of the major diseases that threaten people’s lives
worldwide [1, 2]. Nearly half of early GC patients have no
obvious clinical symptoms; only some of them have mild
indigestion and other symptoms, such as upper abdominal
pain, discomfort, slight fullness, pain, nausea, and belching.
In addition, these symptoms are not unique to GC [3, 4]. It is
not completely clear what causes GC, but most studies have
shown that the cause of GC may be mainly related to
Helicobacter pylori infection and long-term chronic benign
gastric diseases. At present, surgical treatment is still the

basis of GC clinical treatment, and chemotherapy and radiotherapy are all adjuvant treatments [5]. Among them, GC
radical resection refers to the complete resection of the
cancerous tissues of the stomach and the surrounding tissues
that may be involved in the inﬁltration. It is mainly divided
into three types: total gastrectomy, partial gastrectomy of the
upper root, and partial gastrectomy of the lower root [6].
Traditional examinations for GC in clinic mainly rely on
gastric endoscopy. Unfortunately, although gastroscopy is
the currently recognized the gold standard for GC diagnosis,
it has a low degree of clarity on gastric mucosal lesions,
cannot well evaluate submucosal lesions and tumor inﬁltration depth, and aﬀects adjacent organ. Thus, more accurate examination methods are urgently needed. Magnetic
resonance imaging (MRI), as a relatively new imaging
method in imaging technology, is widely used in clinical
practice and has also become an important evaluation
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method for GC diagnosis and staging [7, 8]. MRI can clearly
show the structure of each layer of the stomach and the
degree of GC inﬁltration, which is almost the same as the
histological results. It has the advantages of multiparameter,
high resolution, and high accuracy. Of course, MRI also has
corresponding shortcomings, such as a long scan time, poor
scan results for elderly patients, and being prone to artifacts
and noise [9, 10]. Backprojection (BP) is an accurate timedomain imaging algorithm, which can be applied to image
focusing of echo data under any conﬁguration and nonlinear
aperture. It has a better image presentation, but the running
time is long. Support vector machine (SVM) is a supervised
learning model using classiﬁcation and regression analysis to
analyze data, which can identify the size and shape of tumors
[11]. Therefore, it considered combining the SVM and BP
algorithm in this study to build a GC tumor detection model.
In summary, the BP algorithm has a wide range of
application values in image processing. Based on this, a
malignant tumor recognition algorithm named BPS was
constructed based on the BP and SVM algorithms, and the
traditional BP imaging algorithm and SVM algorithm were
introduced for comparative analysis. In addition, the BPS
algorithm was applied to MRI diagnosis of 78 GC patients,
and the treatment eﬀects of 39 cases in the experimental
group and 39 cases in the control group were compared so as
to comprehensively evaluate the diagnostic value of MRI for
GC lesions and the treatment eﬀect of complete laparoscopic
radical resection (CLSRR).

2. Materials and Methods
2.1. Selection of Research Samples. A total of 78 GC patients
who were admitted to the hospital from March 20, 2018, to
April 15, 2020, were selected as the research objects.
According to the diﬀerent surgical methods selected based
on the MRI image diagnosis results, they were divided into
an experimental group and a control group, with 39 cased in
each group. There were 25 males and 14 females in the
experimental group, aged 21–69 years old, and 25 males and
14 females in the control group, aged 18–73 years old. The
Tumor Node Metastasis (TNM) Staging System (the eighth
edition) established by the American Joint Committee on
Cancer (AJCC) and the International Union Against Cancer
(UICC) was used to evaluate the T1, T2, T3, and T4 staging
of patients with GC. The experiment had been approved by
the Medical Ethics Committee of the hospital, and the patients and their families had understood the situation of the
experiment and signed the informed consent forms.
The inclusion criteria include patients diagnosed with
primary GC by pathology; patients older than 18 years old;
patients who had not received relevant chemotherapy or
drug treatment before surgery; and patients with clear
consciousness.
The exclusion criteria include patients with other malignant tumors; patients with tumor metastasis; patients
undergoing palliative surgery; patients who withdrew from
the experiment due to their own reasons; and patients requiring open surgery from laparoscopic surgery.
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2.2. Treatment Methods
2.2.1. CLSRR. Lymph node dissection, tissue freeing, and
digestive tract should be reconstructed under laparoscopy.
Firstly, a longitudinal incision of about 3 cm was cut at the
umbilicus of the patient, and the excised specimen was taken
out; a linear cutting closer was adopted to separate the
stomach, duodenum, and other parts; the duodenum and
remnant stomach were closed, and the ﬁnal anastomosis was
completed. Next, a linear cutting closer was placed to close
the distal jejunum and remnant stomach and close the
common opening. Then, a reverse puncture was used to
complete the Roux-en-Y anastomosis of the esophagus and
jejunum, and the proximal jejunum stump and the distal
jejunum were anastomosed side to side about 50 cm from the
gastrointestinal anastomosis.
2.2.2. Assisted Laparoscopic Radical Resection (ALSRR).
After the lymph node dissection and tissue dissociation were
completed under laparoscopy, an incision about 6 cm below
the xiphoid process was selected for gastrectomy and the
specimen was taken out to complete the gastrointestinal
anastomosis.
2.3. MRI. The Magnetom Avanto 3.0 T superconducting
high-ﬁeld MRI scanner produced by Siemens in Germany
was adopted to scan the patients. During the scan, the
patient was in a supine position with steady breathing. The
scan was started from 10 cm from the diaphragm to the
lower pole of the kidney. The scanning parameters were
deﬁned as follows: the matrix was 356 × 356, the layer
thickness was 2.5 mm, the layer spacing was 0.25 mm, the
ﬁeld of view was 15 × 15 cm, the TR was 450 ms, and the TE
was 15 ms. After the scan is completed, the images are sent to
Siemens Syngo software for image reconstruction and diagnostic analysis, and the thickness of normal and diseased
stomach walls is recorded.
2.4. BPS Algorithm Based on BP and SVM. The diagnosis of
malignant tumors could be regarded as a binary classiﬁcation issue, such as treating healthy tissues as a positive
category and tumor tissues as a negative category, respectively. SVM was the latest technology applied to classiﬁcation, and it was the best at handling two classiﬁcation issues.
Therefore, the ﬁnite diﬀerence time domain (FDTD) was
introduced ﬁrstly in this study [12] to obtain the simulated
radar data, the obtained data were undertaken as the machine learning input data of SVM, and then the output data
were the category label (positive or negative). It was assumed
that the output label of tumor cells was 1, the output label of
normal tissue cells was 0, and the imaging area was divided
into multiple grids; then the amplitude value of each grid
could be calculated using the BP algorithm. The following
equation could be obtained:
l(s) �

T(s)
.
V

(1)
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In equation (1), T (s) represented the actual propagation
path of electromagnetic waves, l (s) represented the actual
propagation distance of electromagnetic waves, and V referred to the propagation speed of electromagnetic waves.
The propagation of electromagnetic waves was impossible to
be a straight line due to the existence of various organs and
tissues in the human body, so it was assumed that there were
multiple media in the human body in this study, which were
recorded as air medium a (the relative dielectric constant
was θ1 and the conductivity was κ1 ) and organ tissue medium b (the relative dielectric constant was θ2 and the
conductivity was κ2 ); then the ﬁeld distributions in the air
medium a could be expressed as follows:
E1 � ex Ep1 e− um1 z + Eq1 eum1 z ,
W1 � ey

Ep1 e− um1 z + Eq1 eum1 z
.
ω0

W2 � ey

Ep2 e− um2 z + Eq2 eum2 z
.
ω1

(5)

In equations (4) and (5), Ep2 and Eq2 represented the
amplitude of the incident wave and the reﬂected wave, respectively, m2 represented the wavenumber of the organ
tissue, and ω1 
represented
the wave
impedance
in the organ
����
�
����
tissue. m1 � r θ2 κ2 and ω1 � κ2 /θ2 . The actual propagation distance of electromagnetic waves in the human body
could be calculated according to the above methods:
l(s)∗ �

T(s)∗
.
V∗

(6)

In the above equation (6), l(s)∗ represented the actual
propagation distance of electromagnetic waves in the human
body, T(s)∗ indicated the actual propagation path of electromagnetic waves in the human body, and V∗ referred to
the propagation speed of electromagnetic waves in the
human body. Then, the electric ﬁeld amplitude value of each
grid could be calculated with the following equation:
e(x, y) �  e l(s)∗ .
s

Simulation
experiment

Collecting
received signal of
antenna

(7)

In equation (7), e (x, y) represented the electric ﬁeld
amplitude value of each grid, and e(l(s)∗ ) represented the
electric ﬁeld amplitude value of each receiving antenna.
Then, the background subtraction method [13] was adopted
to extract the signal of the tumor scatterer. The speciﬁc steps
are shown in Figure 1. Firstly, a simulation experiment was
developed under normal stomach conditions, and all the

Collecting received
signal of antenna

Subtraction of two
signals
Output
Tumor scatterer
signal

(3)

(4)

Normal
stomach model

Simulation
experiment

(2)

In equations (2) and (3), Ep1 and Eq1 represented the
amplitude of the incident wave and the reﬂected wave, respectively, m1 referred to the air wave number,
and
� ω0
���
represented
the
airwave
impedance.
m
�
r
θ
κ
1
1
1 and
�����
ω0 � κ1 /θ1 . In addition, r represented the electromagnetic
wave emission frequency. Similarly, the ﬁeld distributions in
the organ tissue medium b could be expressed as follows:
E2 � ex Ep2 e− um2 (z− c) + Eq2 eum2 (z− c) ,

Adding tumor
model

Figure 1: Schematic diagram of the signal ﬂow of the background
subtraction method to calculate the tumor scatterer.

received signals of the antenna were collected; under the
precondition of unchanged parameters, the GC tumor
model was added for a simulation experiment again, and all
the received signals of the antenna were collected certainly;
ﬁnally, the received signals of the tumor model were subtracted from the received signals of the normal stomach to
obtain the scatterer signals of the tumor.
Then, the obtained tumor scatterer signal was set as Et,
which was undertaken as the input feature vector of SVM
learning. The category label of the tumor was supposed as ψ;
then [Et , ψ] could be considered as a data pair. Some of the
data pairs were subjected to the SVM learning, and the
category label of each input feature vector was predicted to
ﬁnally identify the position of the tumor and normal tissue.
The malignant tumor recognition algorithm based on BP
and SVM was deﬁned as BPS in this study.
2.5. Design of Simulation Experiment. The BRATS2017
public data set was undertaken as the training data. In
addition, the traditional BP imaging algorithm [14] and the
SVM algorithm [15] were introduced to compare with the
BPS algorithm for simulation experiments. The deﬁnition
position of relative root mean error (RME) and CA of the
abscissa and ordinate of the tumor center position were
selected as the evaluation indicators of the three algorithms,
which were represented with OMES, x and OMES, y, respectively, and could be calculated with the following equations:
���������������

2
1 G xis − xic
(8)
oMES,x �

,
hx
G i�1

oMES,y

���������������

2
1 G yis − yic
�

.
hy
G i�1

(9)
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In equations (8) and (9), oMES,x and oMES,y referred to the
deﬁnition position relative RME of the tumor abscissa and
ordinate, respectively; xis and yis indicated the abscissa and
ordinate of the actual tumor position, respectively; xic and
yic referred to the abscissa and ordinate of the predicted
tumor position, respectively; hx and hy represented the
length and the width of the tumor, respectively; and G
represented the number of data sets.
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3. Results
3.1. Comparison of Diagnosis Performances of Three
Algorithms. Figures 2 and 3 are the comparison of OMSE, x,
OMSE, y, and classiﬁcation accuracy (CA) of the three algorithms.
OMSE, x, OMSE, y, and CA of BP algorithm were 0.31 ± 0.06,
0.38 ± 0.07, and 88.41%, respectively; those of the SVM algorithm were 0.35 ± 0.04, 0.42 ± 0.08, and 86.65%, respectively;
and those of BPS algorithm were 0.14 ± 0.03, 0.21 ± 0.05, and
94.56%, respectively. Thus, the BPS algorithm showed dramatic
smaller OMSE, x and OMSE, y as well as higher CA in contrast to
the BP and SVM algorithms (P < 0.05).
3.2. Comparison of Basic Groups of the Two Groups.
Figure 4 shows the comparison results of age, BMI, and tumor
size of patients in the two groups, and Figure 5 illustrates the
comparison results for the ratio of males and females between
the two groups. It could be observed that the average age, BMI,
tumor size, proportion of males, and proportion of females of
patients in the experimental group were 54.61 ± 10.42 years old,
23.51 ± 4.74 kg/m2, 4.78 ± 0.16 cm, 65.34%, and 34.66%, respectively, and those in the control group were 53.78 ± 8.65 years
old, 23.89 ± 5.11 kg/m2, 4.95 ± 0.21 cm, 62.85%, and 37.15%,
respectively. Thus, the age, BMI, tumor size, ratio of males and
females in the experimental group were not obviously diﬀerent
from those in the control group (P > 0.05).
3.3. Preoperative MRI Images of Some Patients. Figure 6
shows an MRI image of a male GC patient (46 years old).
It showed that the huge cystic solid mass of the abdominal
cavity was closely related to the inferior wall of the gastric
antrum. The adjacent gastric wall was unevenly thickened.
The solid part of the tumor was mainly distributed in the
periphery. The solid part of the enhanced arterial phase was

0.2

0.1

0.0
OMSE,x

OMSE,y

BP
SVM
BPS

Figure 2: Comparison of OMSE, x and OMSE, y of three algorithms.∗ Statistical diﬀerence in contrast to BPS algorithm
(P < 0.05).
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2.6. Statistical Methods. The data processing in this study
was analyzed by SPSS19.0 version statistical software. The
measurement data were expressed as mean ± standard deviation (x ± s), and the count data were indicated as percentage (%). The pairwise comparisons of BP, SBP, and SVM
algorithms were realized with the single-factor analysis of
variance. The age, body mass index (BMI), tumor size, maleto-female ratio, intraoperative blood loss, number of lymph
nodes, operation duration, postoperative hospital stay, analgesia duration, ﬁrst exhaust time (FET), ﬁrst oﬀ-bed activity time (FOBA), and complications were compared with
the paired t test for patients in the two groups. The diﬀerence
was statistically signiﬁcant at P < 0.05.

60
40
20
0

BPS

Figure 3: Comparison of classiﬁcation accuracy (CA) of three algorithms.∗ Statistical diﬀerence in contrast to BPS algorithm (P < 0.05).

signiﬁcantly enhanced with a small number of small air
bubbles. There were multiple enlarged and ring-shaped
enhanced lymph nodes in the arteries. Thus, it could be
interpreted as poorly diﬀerentiated adenocarcinoma of the
stomach. Figure 7 shows an MRI image of a female GC
patient (55 years old). It is suggested that the stomach wall
was thickened, the submucosal signals were visible, the
cancer tumor involved more than half of the thickness of the
stomach wall, the signals were uniform throughout the layer,
and the serosal surface was smooth. Thus, it could be
interpreted as the GC T3 stage.
3.4. Comparison of the Thickness of the Stomach Wall in the
Diseased Area and the Normal Area. The thicknesses of the
stomach wall in the diseased area and the normal area were
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Figure 4: Comparison of age, BMI, and tumor size of patients in the two groups. (a, b, c) Comparison of age, BMI, and tumor size,
respectively.
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Figure 5: The comparison results for the ratio of males and females between the two groups.
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Figure 6: A MRI image of a male GC patient (46 years old).
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Figure 8: The thicknesses of the stomach walls in the diseased area
and the normal area. ∗ and # indicated that the diﬀerence was great
in contrast to the thickness of the normal stomach wall and the
thickness of the stomach wall in GC T4, respectively.

Figure 7: A MRI image of a female GC patient (55 years old).

compared, as shown in Figure 8. It suggested that the
thickness of the normal stomach wall was 4.52 ± 1.05 mm,
while the thicknesses of the stomach walls with GC T1, T2,
T3, and T4 stage were 10.88 ± 1.53 mm, 12.17 ± 2.56 mm,
19.45 ± 4.78 mm, and 21.06 ± 3.71 mm, respectively. Thus, it
could be concluded that the thickness of the normal stomach
wall was observably smaller than that of the GC T1, T2, T3,
and T4 stages with a huge diﬀerence (P < 0.05); the thickness
of the stomach wall in the GC T4 stage was much smaller
than that of the T1 and T2 stages with a notable diﬀerence
(P < 0.05); the diﬀerence in thickness of stomach wall between GC T1 and T2 stages was not obvious enough
(P > 0.05); and there was no considerable diﬀerence in
thickness of stomach wall between GC T3 and T4 stage
(P > 0.05).
3.5. Comparative Analysis of MRI Examination and Pathological Diagnosis Results. Figure 9 shows the comparison
between MRI and pathological diagnosis results. It indicated
that the diagnostic accuracies of MRI for GC T1, T2, T3, and
T4 stage were 80.55%, 76.15%, 96.44%, and 62.45%, respectively. Among them, MRI showed the highest diagnostic
accuracy for GC T3 stage and the lowest diagnostic accuracy
for GC T4 stage.

experimental group were not greatly diﬀerent from those in
the control group (225.15 ± 80.74 mL and 33.97 ± 8.57)
(P > 0.05), while the operation duration of the experimental
group (270.56 ± 90.55 minutes) was much longer in contrast
to that of the control group (228.07 ± 75.26 minutes)
(P < 0.05).
Figure 11 illustrates a comparison of the postoperative
situations of the two groups of patients. It was clear that the
postoperative hospital stay, analgesia duration, FET, and
FOBA of the experimental group were 6.54 ± 1.53 days,
15.56 ± 1.53 hours, 3.16 ± 0.54 days, and 1.82 ± 0.83 days,
respectively, while those in the control group were
8.94 ± 2.02 days, 25.03 ± 5.11 hours, 5.28 ± 1.11 days, and
3.51 ± 0.74 days, respectively. Thus, the postoperative hospital stay, anchorage duration, FET, and FOBA of the experimental group were all greatly lower than those of the
control group (P < 0.05).
Figure 12 illustrates the comparison of postoperative
complications between the two groups of patients. It disclosed that there were 3 cases of postoperative anastomotic
leakage, 1 case of acute peritonitis, 2 cases of lung infection,
and 2 cases of acute pulmonary embolism in the experimental group, while there were 7 cases of postoperative
anastomotic leakage, 4 cases of acute peritonitis, 3 cases of
lung infection, and 2 cases of acute pulmonary embolism in
the control group. Thus, it was clear that the numbers of
cases with anastomotic leakage, acute peritonitis, and lung
infection in the experimental group were much less
(P < 0.05), while the number of cases with acute pulmonary
embolism in the two groups was not extremely diﬀerent
(P > 0.05).

4. Discussion
3.6. Analysis on Treatment Eﬀect of Radical Resection of the
Two Groups of Patients. The intraoperative conditions between the two groups of patients were analyzed and compared, and the results are illustrated in Figure 10. It disclosed
that the intraoperative blood loss (239.46 ± 69.44 mL) and
the number of lymph nodes (35.28 ± 10.11) in the

LRSR is a widely accepted treatment for GC in clinic, but
most of them are ALRSRs. The high-tech laparoscopic
gastrointestinal reconstruction is still in the preliminary
application stage. MRI can further show the GC lesions, but
the quality of the original image is aﬀected by various objective factors [16]. Therefore, the BPS algorithm was
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Figure 9: The comparison between MRI and pathological diagnosis
results.
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Figure 12: The comparison of postoperative complications between the two groups of patients.∗ Extreme diﬀerence in contrast to
the experimental group (P < 0.05).
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Figure 10: The intraoperative conditions between the two groups
of patients.∗ Dramatic diﬀerence in contrast to the experimental
group (P < 0.05).
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Figure 11: A comparison of the postoperative situations of the two
groups of patients. ∗ The diﬀerence was great in contrast to the
experimental group (P < 0.05).

constructed based on BP and SVM in this study, and the
traditional BP imaging algorithm and SVM algorithm were
introduced for comparative analysis. It was found that the
BPS algorithm showed visible smaller OMSE, x and OMSE, y as
well as higher CA than the BP and SVM algorithms
(P < 0.05), which was similar to the results of Hu et al. [17]. It
indicated that the BPS algorithm constructed in MRI could
show excellent performance in image processing and could
improve the diagnostic eﬀect of MRI images. The BPS algorithm was applied to 78 cases of GC patients for MRI
diagnosis, and the results found that the diagnostic accuracies of MRI for GC T1, T2, T3, and T4 stage were 80.55%,
76.15%, 96.44%, and 62.45%, respectively. Such results were
consistent with the conclusion of Hu et al. [18], revealing
that MRI images based on the BPS algorithm had a good
diagnostic eﬀect for GC staging.
Then, the treatment eﬀects of 39 cases in the experimental
group and 39 cases in the control group were compared
comprehensively. The results showed that the intraoperative
blood loss (239.46 ± 69.44 mL) and the number of lymph nodes
(35.28 ± 10.11 mL) in the experimental group were not greatly
diﬀerent from those in the control group (225.15 ± 80.74 mL
and 33.97 ± 8.57 mL) (P > 0.05), while the operation duration
(270.56 ± 90.55 minutes) was longer in the experiment group in
contrast to the control group (228.07 ± 75.26 minutes)
(P < 0.05). It was diﬀerent from the conclusion of Li et al. [19],
which may be due to the complete technical requirements of the
surgery. Such results showed that the operation duration of
CLSRR was longer, but the eﬀect on intraoperative bleeding was
not obvious. The postoperative hospital stay, analgesia duration,
FET, and FOBA of patients in the experimental group were all
shorter observably (P < 0.05), indicating that the CLSRR
showed a better treatment eﬀect for patients regardless of the
longer operation duration [20]. The numbers of cases suﬀered
from postoperative anastomotic leakage, acute peritonitis, and
lung infection in the experimental group were much less
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(P < 0.05), indicating that the CLSRR could reduce the risk of
postoperative complications in GC patients.

5. Conclusion
A BPS algorithm was constructed based on BP and SVM
algorithms ﬁrstly, and then these three algorithms were
compared for deep analysis. In addition, the BPS algorithm
was applied to 78 GC patients for MRI diagnosis. The
treatment of 39 cases in the experimental group and 39 cases
in the control group was compared. It was found that the
BPS algorithm constructed showed excellent performance in
MRI image processing and could improve the diagnostic
eﬀect of MRI images. Compared with the ALSRR, the
CLSRR could reduce the hospital stay and complications of
GC patients after surgery and could be used as a clinical
treatment for advanced GC. However, there were still some
shortcomings in this study. The sample size of the selected
patients was small, and long-term follow-up records were
not carried out. There was a lack of long-term data on patient
rehabilitation. Therefore, in the follow-up, it will consider
increasing the selection of patient samples, conducting longterm follow-up, and discussing the prognostic eﬀect of
CLSRR. In short, the results of this study provided a theoretical basis for the clinical diagnosis and treatment of GC.
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