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-is study aimed to explore the value of abdominal computerized tomography (CT) three-dimensional reconstruction using the
dense residual single-axis super-resolution algorithm in the diagnosis of nonperitonealized colorectal cancer (CC). 103 patients
with nonperitonealized CC (the lesion was located in the ascending colon or descending colon) were taken as the research subjects.
-e imagological tumor (T) staging, the extramural depth (EMD) of the cancer tissues, and the extramural vascular invasion
(EMVI) grading were analyzed. A dense residual single-axis super-resolution network model was also constructed for enhancing
CT images. It was found that the CT images processed using the algorithm were clear, and the peak signal-to-noise ratio (PSNR)
and structural similarity (SSIM) were 33.828 dB and 0.856, respectively. In the imagological Tstaging of CC patients, there were 17
cases in the T3 stage and 68 cases in the T4 stage. With the EMD increasing, the preoperative carcinoembryonic antigen (CEA)
highly increased, and the difference was statistically significant (P< 0.05). -e postoperative hospital stays of patients were also
different with different grades of EMVI. -e hospital stay of grade 1 patients (19.45 days) was much longer than that of grade 2
patients (13.19 days), grade 3 patients (15.36 days), and grade 4 patients (14.36 days); the differences were of statistical significance
(P< 0.05). It was suggested that CT images under the deep learning algorithm had a high clinical value in the evaluation of T
staging, EMD, and EMVI for the diagnosis of CC.

1. Introduction

Colorectal cancer (CC) is one of the most common ma-
lignant tumors clinically, ranking third in the incidence of
malignant tumors and fourth in the mortality of malignant
tumors around the world [1, 2]. About 1.2 million people
suffer from CC every year, and about 600,000 people lose
their lives as a result. Its incidence is higher in Europe and
America, but lower in Asia; the incidence is higher in men
than in women [3]. In China, the incidence of CC in urban
areas and rural areas is about 31.29/105 and 16.99/105,
respectively, ranking third and sixth among malignant

tumors. In urban areas, the 5-year survival period of CC
patients is about 50%; in rural areas, the 5-year survival
period is less than 40% [4, 5]. So far, even if there is no
specific statistical data on the incidence of CC, the incidence
of CC in China has shown an increasing trend year by year
due to the changes in people’s living standards in recent
years and the westernization of living habits. Surgery is still
the most effective way to treat CC [6]. Nonperitonealized CC
refers to a tumor located on the posterior wall of the as-
cending colon or descending colon, where the posterior wall
of the intestine is not covered by the peritoneum [7]. With
the clinical staging and diagnosis of nonperitonealized CC,
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there have been many studies on the circumferential re-
section margin (CRM) of this disease. However, the CRM is
caused by a sharp separation during surgical resection. -e
scope of surgical resection has a great influence on it, and it
cannot truly reflect the infiltration of cancer tissues [8]. For
the development and popularization of complete mesorectal
excision (CME) surgery in China, the scope of surgical
resection is more thorough than that of traditional radical
surgery, significantly improving the surgery quality. On the
contrary, the CRM of some deeply infiltrated cancer tissues
may still be negatively affecting the correct evaluation of the
CRM [9].

As one of the most commonly used clinical imaging
techniques, computerized tomography (CT) has been ap-
plied in the examination of various diseases. Plain CT
scanning is the basis of all CTexaminations, with a relatively
simple operation and a faster scanning speed. Most diseases
can be detected without injection, such as craniocerebral
hemorrhage, cerebral infarction, brain tumor, and fracture.
Enhanced CT scanning is a further examination of plain CT
scanning. When an issue is found in plain CT scanning,
enhanced CT scanning is required; it is clearer than plain
scanning to evaluate the blood supply of the lesions [10]. In
recent years, deep learning has made great achievements in
digital image processing. -e deep convolutional neural
network can learn the structural feature information of high
and low frequencies in complex images, and it can give better
results than traditional algorithms in the processing of
medical images. -e three-dimensional reconstruction al-
gorithm of tomographic images eliminates the volume effect
to a certain extent on the basis of deep learning, while
maintaining the isotropy of the volume data [11, 12]. In the
method of edge super-resolution depth slice interpolation,
some scholars proposed a single-axis super-resolution
method by combining the content of the orthogonal di-
rection of the slice to obtain the reconstructed imaging
image of the coronal plane and the sagittal plane [13]. From
this, the idea of developing a three-dimensional recon-
struction of abdominal CT images under the single-axis
super-resolution reconstruction algorithm came up. It
aimed to reduce the radiation intensity of CT tomographic
images and improve the quality of the three-dimensional
reconstruction model.

With CT imaging principles and deep learning-based
super-resolution reconstruction technology, it was proposed
to construct a feature-enhanced residual dense network
model with a single axis and super-resolution [14]. -e
uniaxial super-resolution was utilized to perform three-di-
mensional reconstruction of abdominal CT images and
evaluate its application value in the diagnosis of non-
peritonealized CC trying to provide a certain theoretical
basis for the clinical diagnosis of the disease.

2. Data and Methods

2.1. General Data of Patients. One hundred and three pa-
tients with nonperitonealized CC admitted to the hospital
from March 2018 to March 2020 were included. -eir
general information and clinicopathological information

were collected and recorded. -e patients consisted of 49
males and 54 females, with an average age of
67.67± 14.32 years. -ere were 85 cases with lesions in the
ascending colon and 18 cases with that in the descending
colon.-is study had been approved by the ethics committee
of the hospital. -e patients and their family members fully
understood the status and signed the informed consent
forms.

Inclusion criteria were as follows: patients who were
diagnosed with CC according to the pathological diagnosis;
patients who were in phase II of the pathological staging;
patients who underwent the colon surgery for the first time;
the surgery for patients was radical resection.

Exclusion criteria were as follows: patients who un-
derwent emergency surgery; patients who died during the
perioperative period; patients who had cachexia complica-
tions, or did not have the complete data.

2.2. CT Examination and Image Processing. -e 64-slice
spiral CT instrument was used for examinations. Patients
were asked to fast for 4 hours before the examination, and
drink 1L of purified water 30minutes before the examina-
tion. -e injected contrast agent was an iohexol injection
with a dose of 80–100mL, and the injection speed was 3mL
per second. CTscanning was performed 30 seconds after the
start of the injection.-e scanning range was from the top of
the diaphragm to the plane of the pubic symphysis; the slice
thickness was 5mm, the scanning voltage was 125–145 kV,
the scanning current was 150–220mA, the interval was
0.984 :1, and the scanning time was about 5minutes. During
the process, patients needed to minimize their movements,
reduce mood swings, and calm their breathing. Finally, the
obtained image data were uploaded to the computer, and the
dense residual single-axis super-resolution network algo-
rithm was applied to process the images.

2.3.Evaluationof theResults. For the imagological tumor (T)
staging of patients, 2 radiologists with rich clinical imaging
experience were invited, and the multislice spiral CT in-
strument was used [15]. -e staging standards are shown in
Table 1.

In the process of reading the images, both radiologists
divided the stages with the independent double-blind
principle. If the staging results of the two radiologists were
different, a third radiologist was asked to stage. If the result
of the third radiologist was the same as that of one of the first
two radiologists, the stage was determined.

-e imagological grading standards of extramural vas-
cular invasion (EMVI) [16] are shown in Table 2 for details.

Both radiologists determined the EMVI grading inde-
pendently and double-blindly. If the two results were dif-
ferent, a third radiologist was involved. When the result of
the third radiologist was the same as that given by one of the
first two radiologists, the EMVI grade was confirmed.

Two radiologists were invited to measure the extramural
depth (EMD) of cancer tissues.-e vertical distance between
the cancer tissue outside the farthest end of the intestinal
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wall and the intestinal wall was measured, and the EMD was
calculated by taking the average value.

2.4. Model Construction of Dense Residual Single-Axis Super-
Resolution Network. -e original low-resolution image ELR

is the input, and a multiscale feature convolution layer was
used to extract the shallow mapping layer, which is
expressed as

M−1 � GSFE1 E
LR

 . (1)

GSFE1 represents a convolution operation of the multi-
scale feature extraction. -en, it came to the deep feature
learning part of the dense residual block for further ex-
traction of the shallow map and the global residual map. It is
expressed as

M0 � GSFE2 M−1( . (2)

GSFE2 is the convolution operation of the secondary
shallow feature extraction, and M0 is taken as the input of
the deep feature extraction module. -us, (3) is obtained.

Mn � GRDB,n Mn−1(  � GRDB,n GRDB−1 . . . GRDB,1 M0(   . . .  .

(3)

GR DB ,n is the nth dense residual block. GR DB ,n is the
iterative nesting method, including convolution and acti-
vation functions. Each dense residual block had a corre-
sponding Mn; therefore, Mn refers to the local information
in the feature map.

Afterward, the staircase features of a series of dense
residual blocks were learned, and the results of all layer
features extracted in the feature extraction stage were used
for global residual learning and global dense feature fusion.
-e features of different layers were merged using Concat
and convolution operations, and then, they were merged for
dense feature fusion (DFF). In this case, DFF could be
expressed as

MDF � GDFF M−1, M0, M1, . . . , MD( . (4)

F refers to the feature image after depth mapping. It was
sent to the feature enhancement module to obtain the final
feature image, which is expressed as

MLR � GFE MLR−1( . (5)

G stands for the operation of weighted reinforcement
learning in the image. When the feature extraction ended,
the feature map M was regarded as the multiscale upsam-
pling layer VM-Meta of any scaling factor. It is described as

MSR � GV−MMeta MLR( . (6)

In (6), G is the upsampling operation. -e size of the
feature image in the vertical axis direction became n times of
that of the input image (n represented the magnification
times). 3 × 3 convolution was used to perform the feature
compression operation, which is shown as

ESR � GREC MSR( . (7)

-e output of the model was thus obtained, that was, the
high-resolution image SR.

In the model optimizer, the L1 loss function was adopted
for Ei

LR, Ei
HR}

K

i�1 of K pairs of data that were taken as the
training set. -e loss function was then expressed as

L(c) �
1
K



K

i�0
|Gmodel E

i
LR  − E

i
HR|. (8)

c is the network parameter set optimized using the Adam
optimizer algorithm.

2.5. Statistical Analysis. SPSS22.0 was used to perform
statistical analysis on the data. Quantitative data were
compared using the χ2 test or the Fisher exact probability
method. -e relationship among variables was shown by

Table 1: T staging of nonperitonealized CC imaging.

T staging Specific manifestations
T1 stage -ere was no significant imaging change in the intestinal wall of the diseased side

T2 stage -e intestinal wall of the diseased side was thickened asymmetrically, protruding into the intestinal cavity. But the muscular
layer of the intestinal wall was smooth and contiguous, and the surrounding adipose tissues did not change.

T3 stage -e intestinal wall was smooth or thickened by the nodular discontinuously, the muscle layer of the lesion was discrete, and the
adjacent adipose tissues were infiltrated

T4 stage Cancer tissues infiltrated the muscular layer to the peritoneum, or the anterior edge of cancer nodules infiltrated adjacent organs
(when the distance between the cancer tissue and the fused fascia was less than 1mm, it was also present in the T4 stage).

Table 2: Imagological grading of EMVI for CC patients.

EMVI
grading Specific manifestations

Grade 1 No obvious EMVI occurred
Grade 2 -e blood vessels adjacent to the cancer tissues became slightly curved

Grade 3 -e small blood vessels adjacent to the cancer tissues showed nodular changes (the nodular manifestations had the same
enhancement degree within the small blood vessels and the cancer tissues)

Grade 4 -e large blood vessels adjacent to the cancer tissues were significantly infiltrated (tumor embolus could be observed in
large enhanced veins)
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correlation analysis, and the consistency evaluation was
performed by the Kappa test. When P< 0.05, it meant that
the difference was of statistical significance.

3. Results

3.1. General Information. Figures 1–3 show some CT images
of the patients before and after being processed by the single-
axis super-resolution algorithm, as well as the structural
similarity (SSIM) and peak signal-to-noise ratio (PSNR) of
the processed images.

From Figures 1–3, the CT images of patients were
manifested with obvious thickening of the colorectal wall,
showing irregular localization or diffuse thickening. Obvious
enhancement was observed using CT-enhanced scanning,
with colonic lumen stenosis and low-density necrotic zones
inside the cancer tissues. After super-resolution recon-
struction, the obtained images were clearer, and the PSNR
and SSIM were 33.828 dB and 0.856, respectively.

3.2. Imagological T Staging. Figure 4 shows the imagological
T staging results of the 103 patients with CC, which were
determined by two radiologists. It was found that all the
staging results of the two radiologists were in the T3 and T4
stages, having nothing to do with T1 and T2 stages. Radi-
ologist 1 gave the results of 27 cases in the T3 stage and 76
cases in the T4 stage. Radiologist 2 gave the results of 25
cases in the T3 stage and 78 cases in the T4 stage. -e
consistency analysis of the results of the two radiologists was
made for the common staging results, which shows 17 cases
in the T3 stage and 68 cases in the T4 stage. From the Kappa
consistency analysis, it was found that the imagological T
staging of the two radiologists had generally poor consis-
tency (κ� 0.499, P< 0.05).

As shown in Figure 5, the patients were divided into the
T3 stage group and the T4 stage group according to

imagological T staging. -eir age, preoperative body mass
index (BMI), preoperative carcinoembryonic antigen
(CEA), preoperative carbohydrate antigen-199 (CA-199),
time of surgery, postoperative hospital stays, and the sta-
tistical analysis results of lymph node examinations were
compared. It was shown that all the terms of the T3 stage
group were less than those of the T4 stage group, but the
differences between the two groups were not statistically
significant (P> 0.05).

3.3. EMDof Cancer Tissues. Figure 6 shows the imagological
EMD measurement of 103 patients with CC by 2 radiolo-
gists. For the EMD measurement results of radiologist 1,
EMD <1mm was observed in 22 cases, 1<EMD< 5mm in
27 cases, 5<EMD< 15mm in 32 cases, and EMD >15mm in
22 cases. For those of radiologist 2, there were 21, 27, 32, and
23 cases with EMD <1mm, 1<EMD< 5mm,
5<EMD< 15mm, and EMD >15mm, respectively. -e
Kappa method was adopted to analyze the consistency of the
results of the two radiologists, and it was found to be
generally poor (κ� 0.384, P< 0.05).-e average values of the
results of both doctors were taken, thus, there were 16 cases
with EMD <1mm, 34 cases with 1<EMD< 5mm, 31 cases
with 5<EMD< 15mm, and 22 cases with EMD >15mm.

According to the imagological measurement results of
the EMD, the patients were divided into 4 groups, which
were <1mm group, 1–5mm group, 5–15mm group, and
>15mm group. -e age, preoperative BMI, preoperative
CEA, preoperative CA-199, time of surgery, postoperative
hospital stays, and the number of lymph nodes were ob-
tained. As shown in Figure 7, with the increase of the EMD,
the preoperative CEA also increased, and the differences
were statistically significant (P< 0.05). -rough the corre-
lation test, it was found that there was a certain correlation
between the EMD and preoperative CEA (P< 0.05).

Figure 1: CT images of the patients before being processed by the single-axis super-resolution algorithm. All were enhanced arterial-phase
scanning images.
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3.4. EMVI Evaluation Results. Figure 8 shows the imago-
logical EMVI evaluation results of 103 patients with CC
made by the two radiologists. -e EMVI results of radiol-
ogist 1 are as follows: 27 cases were judged in grade 1, 33
cases in grade 2, 28 cases in grade 3, and 15 cases in grade 4.

As for the EMVI results of radiologist 2, 14, 35, 33, and 21
cases were in grade 1, grade 2, grade 3, and grade 4, re-
spectively.-e consistency of the EMVI results of radiologist
1 and radiologist 2 was analyzed using the Kappa method,

Figure 2: CT images of the patients after being processed by the single-axis super-resolution algorithm.
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Figure 3: PSNR and SSIM of the obtained images after being
processed by the single-axis super-resolution algorithm.
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Figure 6: Evaluation results by the two radiologists on the EMD.
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and it was found to be poor (κ� 0.281, P< 0.05). -e final
EMVI results are as follows: 15, 29, 31, and 28 cases were in
grade 1, grade 2, grade 3, and grade 4, respectively.

With the evaluation results of EMVI, Figure 9 shows the
comparisons of the age, preoperative BMI, preoperative
CEA, preoperative CA-199, time of surgery, postoperative
hospital stays, and the number of lymph nodes. -ere were
differences in the postoperative hospital stays of patients in

different EMVI grades, which were statistically significant
(P< 0.05). However, no correlation was found between the
EMVI grading and the postoperative hospital stays
(P< 0.05) via the correlation test.

4. Discussion

-e clinical examinations of CC patients generally include a
barium meal, fiber colonoscopy, and imaging examinations
[17]. A literature suggested that intestinal barium meal
examination can show the characteristics of intestinal
mucosal injury clearly, but there are certain limitations in
showing changes in the outer lumen and the intestinal wall
[18]. With fiber colonoscopy, the color of the intestinal
mucosa and ulcers or bleeding on the surface of the intestinal
mucosa can be observed directly. For suspected lesions, the
tissues can be directly taken for medical examination. But
the lesions outside the intestinal cavity and the infiltration of
the surrounding tissues and organs cannot be shown [19].

Some scholars have proposed that CT scanning can
obtain the data of the entire abdomen of patients and process
them. It can not only clarify the location of the number of
lesions, the situation inside and outside the intestinal cavity
of the lesion, the invasion of adjacent organs and tissues, and
the distant metastasis, etc.; it can also perform the staging of
tumors [20, 21]. To improve the quality of CT images, the
dense residual single-axis super-resolution network model
was also constructed for the processing of CT images. -e
processing performance of this algorithm was analyzed, and
the CT images obtained by this algorithm were clearer, with
the PSNR of 33.828 dB and SSIM of 0.856. -ese indicated
that the algorithm designed in this research had a better
performance in processing CT images, worthy of promotion
and application. It was shown from data analysis that, for CT
imagological T staging of CC patients before surgery, there
were 17 cases in the T3 stage and 68 cases in the T4 stage.-e
age, preoperative BMI, preoperative CEA, preoperative CA-
199, time of surgery, postoperative hospital stays, and the
number of lymph nodes of patients were analyzed. From the
statistical analysis results, all the parameters in the T3 stage
were less than those in the T4 stage. For the EMD of cancer
tissues, EMD <1mm was observed in 16 cases,
1<EMD< 5mm in 34 cases, 5<EMD< 15mm in 31 cases,
and EMD >15mm in 22 cases. Meanwhile, the preoperative
CEA also increased with the increasing EMD, and the
difference was statistically significant (P< 0.05). By the
correlation test, it was discovered that there was a certain
correlation between the EMD and preoperative CEA
(P< 0.05). It was indicated that CT examination had a high
clinical value for the imagological staging of CC and the
diagnosis of cancer tissue invasion, which was exactly similar
to the results of Flor et al. [22].

In the diagnosis of EMVI, 15 cases were assessed in grade
1, 29 cases were in grade 2, 31 cases were in grade 3, and 28
cases were in grade 4. -e patients in different grades of
EMVI had different hospital stays after surgery, and the
differences were statistically significant (P< 0.05). However,
the correlation test found that the EMVI grading had no
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correlation with the postoperative hospital stays (P< 0.05).
-erefore, CT examination had a great clinical value for the
diagnosis of CC invasion before surgery. -ere are also
studies that show that the diagnostic efficiency and the
sensitivity of EMVI evaluation with imaging are relatively
low. For example, poor accuracy is obtained in the preop-
erative evaluation of tumors, so that it is of no clinical
practical significance [23]. Some researchers believe that,
even though imaging is less sensitive to the diagnosis of
EMVI, it has a positive significance in the diagnosis of
adjacent vascular infiltration of cancer tissues, showing an
important significance in improving the prognosis of the
disease [24].

5. Conclusion

-euniaxial super-resolution algorithmwas used to perform
three-dimensional reconstruction of abdominal CT, and its
application value in the diagnosis of nonperitonealized CC
was evaluated by analyzing the imagological T staging, the
EMD of cancer tissues, and the EMVI grading. It was
concluded that the CTimages processed by the deep learning
algorithm were clearer, and the PSNR and SSIM were
measured as 33.828 dB and 0.856, respectively. CT can do
well in preoperative staging of nonperitonealized CC,
imagological T staging, and the evaluation of EMD and
EMVI, having a high clinical value in the diagnosis of CC.
However, some shortcomings were also exposed.-e sample
size was relatively small, and there was not a prospective
experiment with large samples. In the future, the sample
should be expanded for further research. Altogether, the
results provided a theoretical basis for the clinical imaging
diagnosis of nonperitonealized CC.
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