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Objective. (is work aimed to study the application of iterative reconstruction algorithm-based computed tomography (CT)
imaging in the diagnosis of gastric cancer (GC).Methods. 40 cases of GC patients diagnosed by gastroscopy biopsy and pathology
in hospital were retrospectively analyzed. Scanning images of the upper abdomen were obtained after plain scanning and double-
phase enhanced scanning. (en, the image was reconstructed by the iterative reconstruction algorithm, and the CT value under
the algorithm was analyzed statistically. Results. It was revealed that the detection rate of both spiral CT and iterative recon-
struction algorithm-based CTwas 100%. After the iterative reconstruction algorithm, the image quality, image information, and
image mean square error (MSE) were notably improved. (e degree of tumor invasion (T) staging accuracy was 82.6%, lymph
node metastasis (N) staging accuracy was 73.2%, and tumor node metastasis (TNM) staging accuracy was 79.1%. (e accuracy of
the iterative reconstruction algorithm-based CTwas 90% for Tstaging, 83% for N staging, and 85.5% for TNM staging.Conclusion.
Iterative reconstruction algorithm can effectively improve the spatial resolution of CT images in GC diagnosis, with high accuracy.
It can provide reliable and objective imaging data for the diagnosis of GC clinically, which was worthy of further application in
clinical practice.

1. Introduction

GC is one of the most common malignancies in the world,
ranking the 2nd in the line of death of malignancies. Asia,
Japan, South Korea, and China are high incidence areas of
GC, and more than half of the global GC patients are from
East Asia [1]. Studies suggested that the occurrence and
progression of GC is closely related to precancerous lesions
[2]. Preoperative CT examination of GC can stage lymph
node transfer, but the criteria and accuracy are still con-
troversial, and the criteria for lymph node metastasis are not
unified at present [3]. Studies also found that the occurrence
and phylogeny of GC are a multistage and multistep process,
involving the activation of multiple protooncogenes, dele-
tion of tumor suppressor genes, or abnormalities in mo-
lecular biology [4]. Despite advances in surgery and
multidisciplinary treatment, the prognosis of GC patients is
still poor; especially for patients with advanced GC, the
median survival time is only 7.5–12 hours.(erefore, there is

an urgent need for new therapies to improve the prognosis
and survival time of GC patients.

Surgical resection is the most important treatment for
GC at present, and accurate preoperative clinical staging is of
great value and significance for selecting reasonable surgical
methods, guiding treatment, and evaluating prognosis.
Preoperative clinical staging included the extent of tumor
invasion (T), lymph node metastasis (N), and distant me-
tastasis [5]. (e main imaging examinations in clinical
staging included computed tomography (CT) and endo-
scopic ultrasound (EUS) [6]. CT imaging technology has
been widely adopted in medicine, industry, and other fields.
In the actual CT scanning process, due to the limited size of
the detector or the large size of the object, the projection data
projected on the detector is truncated, and the reconstructed
CT image can only reflect part of the object information.
Spiral CT is widely utilized in the clinical staging of GC and
is considered to be the best examination for the assessment
of clinical staging at present. It has the ability to evaluate the
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degree of tumor invasion, lymphatic metastasis, and distant
metastasis in a noninvasive manner [7, 8].

According to the International Commission on Radio-
logical Protection (IRCP) research certification, getting a
full-body CT scan increases a subject’s risk of cancer from
radiation by about 8 percent [9]. CT imaging is based on
Bill’s law; the more the projection data obtained on the
detector, the better the reconstruction of the image. (e
image is reconstructed based on the iterative reconstruction
algorithm, and the image is clear, which can clearly show the
location of the lesion. (erefore, it needs to keep the clinical
X-ray dose as low as possible. However, it will inevitably
result in incomplete projection data, resulting in stripe ar-
tifacts in the reconstructed image and blurred image details.
In addition, in the industry, due to some practical con-
straints, the scanning angle range becomes smaller. In this
case, the reconstructed image will have serious artifacts in
some directions. Based on the original equipment without
affecting the normal diagnosis, how to effectively reduce the
radiation dose of the patients, improve the image resolution,
and bring accurate diagnosis for doctors have become the
major issue facing the imaging industry [10]. Iterative re-
construction algorithm is a new generation of IR technique,
which can obtain images in accordance with diagnostic
requirements under low scanning conditions. Iterative al-
gorithm is considered to be a better reconstruction method
for incomplete projection and projection data with noise,
although it has a large amount of computation and takes a
long time. (e optimization of CT reconstruction algorithm
takes advantage of the original CT data acquisition. It can
greatly reduce the noise on the image and improve the
signal-to-noise ratio through repeated mathematical and
physical operations, thereby reducing the radiation dose
received by patients, and improving the image quality,
spatial resolution, and density resolution of the image [11].
(erefore, it is of great significance to study the efficient CT
reconstruction algorithm, make full use of the advantages of
the algorithm, and flexibly apply it to clinical practice.

In this work, to ensure the quality of CT reconstruction
image, reconstruction algorithm was adopted to further
improve the quality of low-dose CT reconstruction image.
Analytic reconstruction and statistical iterative recon-
struction are the most commonly adopted methods for
processing CT reconstruction. Compared with analytic re-
construction algorithm, the iterative algorithm is more
flexible in calculation. (e original image can be recon-
structed from only the projection data, so as to obtain more
accurate GC diagnosis results.

2. Materials and Methods

2.1. Algorithm Principle. (e projection process equation of
A × A size two-dimensional image is as follows:

D � QH. (1)

In (1), H represents the image vector of size AA × 1, Q
represents the projection coefficient matrix of YW × AA,W
represents the projection angle, Y represents the maximum

number of projections at each projection angle, and D
represents the projection vector of size YW × 1.

(e reconstructed image is shown in the following
equation:

B
∗

� Q
∗
D. (2)

In (2), B∗ is the reconstructed image of size AA × 1 and
Q∗ represents the generalized inverse of the projection
coefficient matrix Q. (e direct calculation of Q∗ will be
slightly complicated and consume reconstruction time. It
can be replaced by other calculations, which can save
computing time.

According to the following principles, the first-order
iterative method is adopted to obtain Q∗. If the initial es-
timate of the generalized inverse Q∗ of the projection co-
efficient matrix Q of YW × AA is set to N0, the residual
S0 � DR(T) − QN0 is set to meet cS0 < 1, where cS0 repre-
sents the spectral radius of S0, and DR(Q) is the orthogonal
matrix of Q. (en, the sequence [N0, N1, . . . NK, NK+1, . . .]

can be expressed by the following equation:

NK+1 � Nk + N0 − N0QNK, K � 0, 1, . . . . (3)

When K⟶∞, the equation converges to Q∗, and then
the corresponding sequence of the residual value meets the
requirements of the following equation:

SK+1
����

����≤ S0
����

����SK, K � 0, 1, . . . . (4)

(e norm of any multiplication matrix conforms to
SK � DR(T) − QNK.

For convenience, the approximate value N0 of the initial
value of Q∗ is simply considered to be equal to

N0 � θQ
t
. (5)

In (5), Qt is the transposition of Q and θ is an actual
value, which conforms to

0< θ<
2

λ1 QQ
t

 
. (6)

In (6), λ1(QQt) is the largest nonzero eigenvalue of QQt.
To avoid the difficulty of calculating the relatively large

values of Q and Qq, both sides of (3) are multiplied by the
projection value D at the same time, and (7) is obtained:

NK+1D � NKD + N0D − N0QNKD, K � 0, 1, . . . .

(7)

NK+1D and NKD represent the (K + 1)-th and K-th
reconstructed images Hi

K+1 and Hi
K, respectively. N0D is the

initial image Hi
0. N0QNKD represents the projection of Hi.

Finally, the reconstruction is performed. In this work, FBP
algorithm is adopted to reconstruct the image θ times to
replace N0QNKD. When AA<YW, θ� 1; when NN>YW,
θ< 2− (AA/YW). Equation (7) can be simplified as follows:

H
i
K+1 � H

i
K + H

i
0 − N0QH

i
K. (8)

To verify the performance of the algorithm, the following
experiments are carried out. In the experiments, the value of
θ is 1.
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(e basic principle of the iterative reconstruction al-
gorithm for image processing is shown in Figure 1.

2.2. Algorithm Steps. According to the principle of the al-
gorithm, the steps of the algorithm as shown in Figure 2 are
as follows. In the first step, initialize θ and termination
conditions φ. In the second step, when K� 0, FBP algorithm
reconstructs the image Hi

fbp to obtain the preprocessed
image Hi

0 � θHi
flp. In the third step, project Hi

K to obtain
the projection value Dk. (e fourth step is to reconstruct the
image according to Dk and FBP and multiply the result
obtained by θ to obtain Hr. (e fifth step is to correct the
image. (e equation is Hi

K+1 � Hi
K + Hi

0 − Hi
r. In the sixth

step, set Δ � ‖Hi
K+1 − Hi

K‖≤K � k + 1. In the last step, if
Δ>φ, it will return to step three; otherwise, the loop will end.

2.3.�ePhysicalBasis ofCTImaging. X-ray is a way for CTto
obtain information about the internal structure of the hu-
man body. (e most important way is to adopt a detector to
capture the attenuated X-rays passing through the human
body. (e acquisition of the CT image is mainly to recon-
struct the projection data acquired by the detector under
different angles by the reconstruction of the algorithm.

For example, if the intensity of the X tube generated by
the device is set to F0 and the weakened X-ray intensity after
passing through the human body is set to Fout, then from
Beer’s law (the diagram of Beer’s law is shown in Figure 3),
the following equation is obtained:

Fout, � F0 exp(− p) � F0 exp(− μL). (9)

P in (9) is the projection data obtained on the detector, L
represents the length of the X-ray passing through the object,
and μ is the attenuation coefficient of the object to X-ray. In
the medical field, the basic unit of CT reconstruction is
generally voxels. Voxels divide the tissue into small blocks
with uniform density, and the resulting uniform blocks are
called voxels. (e finer the division of the tissue, the smaller
the voxel, indicating that the interval between the receivers
on the detector is also smaller. For the same object, the
detector can get more projection data, and the quality of the
reconstructed image becomes better.

2.4. Basic Information. GC patients treated in our hospital
were deemed as the research object. Inclusion criteria were the
following: (1) those whose age is no less than 18 years; (2)
patients diagnosed with GC after examination; (3) patients
without other primary tumor diseases. Exclusion criteria were
the following: (1) those with incomplete clinical data; (2) those
who did not voluntarily participate in this research; (3) those
who suffered from other diseases. According to the standard,
a total of 40 cases were included. Twenty patients were se-
lected as the CT group (including 11 males and 9 females),
aged 45–70 years, with an average of (58.35± 5.11) years. (e
remaining 20 cases were in the iterative algorithm CT group
(Ira), including 12 males and 8 females, aged 45–70 years,
with an average of (59.35± 5.09) years. All patients were
confirmed to be GC by gastroscopy and were examined by

multislice spiral CT within one week before surgery. Post-
operative pathological examination was performed, and the
results were compared with the results of the image recon-
struction by the algorithm. (is research was reviewed and
approved by the hospital ethics committee. All the patients’
family members had signed the informed consent.

2.5. Scanning Methods. All the patients involved in the re-
search were maintained at fasting state before the
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Figure 1: Flow chart of the principle of iterative reconstruction
algorithm.

Initialization

Image update Hi
0 = Hi

flp

DK

Hr
No

Yes

Hi
K+1 = Hi

k +
Hi

0 – Hi
r

Projection

FBP image

Correction image

End

θ

. ∆ > φ . 

Figure 2: Flow chart of algorithm steps.

Fo Fout

Figure 3: Schematic diagram of Beer’s law.

Scientific Programming 3



examination and could drink a moderate amount of water
before the examination. If patient had pyloric obstruction, it
should first suck out the contents of the stomach. Before
scanning, 15mg anisodamine was injected, and oral gas-
producing powder was administered 20–30min later. After
inhalation, the breath was held. Philips 16-slice multislice
spiral CTwas employed to conduct the three-phase dynamic
scanning of the patients. Scanning parameters were 110 kV,
180mAs, pitch 0.8, and layer thickness 5mm, and data
collected was 16× 0.6mm. (e arterial phase was from the
xiphoid process to the umbilical cord and was performed at
75 s after contrast agent injection. (e parenchymal phase
was the scanning range of the whole stomach, which was
carried out at 75 s after contrast agent injection. (e balance
phase was scanned from the diaphragmatic apex to the entire
abdomen at 180 s after contrast agent injection. According to
the patient’s body weight, nonionic contrast agent 1.5mL/kg
was injected intravenously from the elbow at a rate of 3mL/s.
(e whole stomach was scanned by internal artery 20–35 s
after injection. Combined with the scanning image results, a
multiangle and multidirection were selected for careful
observation and reconstruction of the image. (e whole
stomach was scanned from top to bottom, and the scanning
results were recorded. All patients received the first MSCT
scan within 5 days, and the first data were reconstructed by
iterative algorithm, and the sensitive sites of the patients
were protected during each scan.

2.6. Observation Indicators. When the conventional gastric
wall thickness was greater than 5mm, CT scan would show
multilayer structure. If the gastric wall was not consistent
with the conventional gastric wall, GC can be determined.
Clinically, many studies indicated that the length of pe-
ripheral gastric lymph nodes in multislice spiral CT images
was greater than 6mm, and the length of peripheral gastric
lymph nodes was greater than 8mm. According to the
general TNM staging standard, T0 was the thickness of the
stomach below 5mm and had a one to three layers’ struc-
ture. T1: the monolayer gastric wall was thickened, and the
submucosa had a complete low-density zone, and the fat
layer around the stomach can be clearly seen. T2: the
thickened private density zone of the single gastric wall was
destroyed or disappeared, the fat layer around the stomach
and the outer surface of the stomach were clear and smooth,
the multilayer gastric wall was enhanced, and the middle and
outer layers suddenly disappeared. T3: the fat layer around
the stomach became microinfiltrated, the thickened gastric
wall was irregular, or there was a cord-like high-density
shadow on the outer boundary serosal surface. T4: the whole
layer of the gastric wall was spread by the lesion or en-
croaches on the tissues and organs around the stomach, and
the infiltration of the fat layer in the gastric wall disappeared.

N staging took the Japanese GC Research Society “GC
Processing Protocol 13 Edition” as the reference standard. N0
was no lymph node metastasis, and the distance and ana-
tomical location of the primary tumor were three lymph
node metastases. N1 was only transferred to the first station
of the lymph node. N2meant it was transferred to the second

station of the lymph node. N3meant it was transferred to the
third station of the lymph node.

All image data were analyzed and compared by a very
experienced attending physician and a senior physician. (e
reading content included CT image quality, position, and
displacement and pathological analysis of the patient’s T, N,
and TNM staging.

2.7. Statistical Analysis. All data were processed by SPASS
21.0 software. Mean± standard deviation (x ± s) was how
measurement data were expressed. Pearson test was adopted
for correlation analysis.When P< 0.05, statistical differences
were considered.

3. Results

3.1. Comparison of Pathological Analysis. Table 1 is the
comparison of CT staging and pathological staging. (e T,
N, and TNM values of GC patients had no correlation with
pathological grade, and there was no considerable difference
(P> 0.05). (e number of patients in N stage was relatively
large, while the number of patients in Tstage and TNM stage
was relatively small.

3.2. Iterative Clinical Images. In the case of using the same
dose in Figure 4, the FBP algorithm-based image on the left
had relatively large noise and strong graininess. (e image
on the right used iterative reconstruction algorithm, which
greatly improved the image noise level and enhanced the
smoothness of the image.

3.3. Reconstruction Result of Iterative Algorithm for Stomach
CT Image. (e iterative reconstruction algorithm recon-
structed the image based on the estimation of the statistical
model of the observation data. Figure 5(a) shows the imaging
result of the iterative reconstruction algorithm, and
Figure 5(b) on the right shows the marked part in Figure 5(a).

3.4. Comparison of Image Results under Iterative Recon-
struction Algorithms. In Figure 6, the general image quality
and image information of group A reconstructed by the
iterative algorithm were obviously superior to those of the
spiral CT group. (e iterative algorithm showed certain
advantages in reconstructing the image.

3.5. MSE of CT Image Based on Iterative Reconstruction
Algorithm. Figure 7 shows that, after a certain number of
iterations, the iterative reconstruction algorithm can restore
the original image.(e closer theMSE was to zero, the better
the effect was. (e image quality after the reconstruction
algorithm was relatively better.

3.6. Accuracy of T, N, and TNM. Figure 8 shows that the
accuracies of the iterative reconstruction algorithm for CT
images T, N, and TNM were 90%, 83%, and 85.5%, re-
spectively, while those for spiral CT were 82.6%, 73.2%, and
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79.1%, respectively. (erefore, the CT images under the it-
erative reconstruction algorithm were greatly superior to the
spiral CT, indicating that the iterative algorithm CT recon-
struction had relatively higher accuracy in diagnosing GC.

4. Discussion

Compared with single-slice spiral CT, multislice spiral CT
has multiple rows of detectors, which not only improves the

scanning speed, but also reduces the rotation time to 0.5 s. It
can also obtain multilayer images during one revolution
[12]. Due to fast volume scan, data can be collected con-
tinuously over a large area of the body in a short period of
time, and the information obtained can also be increased.
After computer processing, a variety of technology imaging
is completed and the image quality is high. Simulation
endoscopy is true, and the detection rate of smaller lesions
and mucosal lesions is improved, based on which the image

Table 1: Comparison of CT staging and postoperative pathological staging.

T N TNM
Age (x ± s) years (1-2/3-4) (0-1/2-3) (I-II/III-IV)

Iterative algorithms CT (58.35± 5.11) 2 17 1
CT (58.35± 5.11) 1 12 7
Correlation of association 0.413 0.82 0.68 0.76
P 0.623 <0.001 <0.001 <0.001

(a) (b)

Figure 4: Comparison of low-dose original image of stomach and iterative reconstruction algorithm.

(a) (b)

Figure 5: Iterative reconstruction algorithm results of the stomach. (a) Iterative reconstruction algorithm. (b) (e marked portion of A.
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quality can be improved effectively by iterative algorithm
reconstruction. Some researchers utilized dual-source CT
energy to scan the upper abdomen of GC patients under the
condition of different tube voltages and employed different
reconstruction algorithms to reconstruct the images under
the CT dual-energy mode. (e results showed that IRS

technology can effectively reduce image noise [13], which
was also the conclusion of this research. It has been reported
that 28% of GC presented progressive enhancement from
arterial to venous stage [14, 15]. CTenhanced scan can show
the relationship between the gastric wall layer, the lower
layer of the membrane, and the muscular layer, which is
helpful to judge the depth of GC infiltration. In this work,
the gastric surface layer was not thoroughly studied, which
gave a research direction for the next step.

(e low-dose scanning was also adopted in this research,
and the results showed that the iterative reconstruction
algorithm had a detection rate of 100% in GCCT imaging
scans. After optimization by the iterative reconstruction
algorithm, the image quality, image information, and MSE
of the image were all greatly improved. (e closer the MSE
was to zero, the smaller the error was and the more accurate
the calculation result was. (e accuracy of Tstaging of spiral
CTwas 82.6%, the accuracy of N staging was 73.2%, and the
accuracy of TNM staging was 79.1%. (e accuracy of the
iterative reconstruction algorithm was 90% for T staging,
83% for N staging, and 85.5% for TNM staging.(e accuracy
was considerably increased after reconstruction by the al-
gorithm, which meant that the iterative reconstruction al-
gorithm had relatively higher accuracy.

(e diagnosis of TNM staging by GC CT is mainly based
on the structure of the stomach wall, the contour of the
serous membrane, that is, the changes in fat around the
stomach, the invasion of the gastric-around organs, and the
enlargement of lymph nodes. Tirumani et al. (2016) [16]
believed that the accurate prediction of T1 stage can provide
more useful prognostic information compared with the
prognostic information of T3 stage, but for T1 GC patients,
lymph node metastasis was very important, and expansion
of lymph nodes would cause postoperative complications
and mortality. (erefore, the iterative algorithm CT can
provide more effective treatment for this type of patients.
Some studies also deemed that CT tumor volume was sig-
nificantly related to pathological T and N staging. In this
research, there were fewer patients in T1 stage compared
with T3 stage, which was consistent with the results of many
literatures. It may be because, in the same time period, there
were more GC patients at T3 stage. (e low number of early
GC cases may be related to the popularity of GC screening by
the Chinese people and the attention of the public.

5. Conclusion

In this study, patients with gastric cancer were retrospec-
tively analyzed, and the CT images of patients were analyzed
and compared with the reconstructed images based on the
iterative algorithm. (e results showed that the accuracy of
the iterative algorithm was 85.5%, and the accuracy of CT
was 82.6%. Iterative algorithm was better than CT image in
image staging accuracy. (e quality of CT images was im-
proved after optimization by the iterative reconstruction
algorithm. (e visual field was clear and intuitive, the res-
olution was also enhanced, and the operation steps were
simple. (ese advantages effectively improved the tradi-
tional CT diagnosis of GC and laid the foundation for the
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quantitative analysis of GC in the future. (e only short-
coming of this work is that the number of cases is not large,
and the number of subjects included in the experiment is
limited. At a certain time, it will be combined with multiple
centers to conduct experiments.
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