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2is study was to analyze the impacts of the image segmentation model and computed tomography angiography (CTA) on the
clinical diagnosis of aortic constriction under the background of artificial intelligence. In this study, 126 patients with congenital
aortic constriction (CAC) diagnosed by surgery were selected as the research objects and routine digital subtraction angiography
(DSA) and CTA were performed. 2en, the traditional active contour model (AC model) was optimized based on the local area
information to construct a new image segmentation model for intelligent segmentation and reconstruction of the CTA images of
patients. 2e results revealed that compared with the AC model and the image segmentation model based on region growth (RG
model) obtained from angiography segmentation, the algorithm constructed in this study showed a smaller segmentation range
for angiography images and more accurate segmentation results. 2e quantitative data results suggested that the evolution times
and running time of the constructed model were less than those of the AC and RGmodels (P< 0.05). Based on the gold standard
of DSA examination results, there were 122 correctly diagnosed cases, 3 missed diagnosed cases, and 1 misdiagnosed by CTA, so
the diagnosis coincidence rate was 96.83%. Compared with DSA, the average inner diameter and average pressure difference of
patients with precatheter, paracatheter, and postcatheter type were not greatly different in CTA (P> 0.05). 2e CTA examination
suggested there were 154 cases with intracardiac structural abnormalities, with a detection rate of 86.52%; there were 32 cases of
cardiac-vascular connection abnormalities, with a detection rate of 100%; and there were 79 extracardiac vascular abnormalities,
with the detection rate of 95.18%. It indicated that the optimized image segmentation model based on local area information
proposed in this paper has excellent segmentation performance for CTangiography images and has good segmentation effect and
efficiency. 2e CTA based on the artificial intelligence image segmentation model showed a better diagnostic effect on abnormal
heart-vascular connection and abnormal extracardiac blood vessels and can be used as an effective examination method for
clinical diagnosis of CAC.

1. Introduction

Congenital aortic constriction (CAC) is a congenital heart
disease characterized by narrowing of the ductus arteriosus
or near the aortic ligament. It can occur alone, or it can be
combined with the Turner syndrome, two-leaflet aortic
valve, atrial septal defect, ventricular septal defect, and
other congenital heart diseases [1]. Depending on the lo-
cation and degree of stenosis, the symptoms of CAC may
manifest as hypertension, lower extremity arterial ischemia,
heart failure, intracranial aneurysm rupture, etc. [2, 3]. 2e

cause of aortic constriction is not yet fully understood.2ere
are two main theories: one is that during fetal development,
the muscular tissue in the arterial duct extends into the
aortic wall and then shrinks and fibrosis leads to narrowing
of the corresponding part of the aortic lumen; the other is
that during the fetal period, the blood flow pattern of the
fetal heart is different from that of adults due to the presence
of the arterial catheter, the right ventricle pumps the blood
through the arterial catheter to supply the lower body, and
the left ventricle pumps blood directly to the upper limbs
and head, causing it to flow through the aortic isthmus so
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that the blood flow is reduced, leading to dysplasia of the
aorta in the corresponding part [4–7]. 2erefore, when
children or adults have severe headaches, nosebleeds, and
intermittent breaks, it is necessary to go to the hospital for
diagnosis in time.

Early and accurate diagnosis is very important for the
treatment and prognosis of aortic constriction. At present,
the clinical diagnosis of aortic constriction often uses chest
X-ray, computed tomography (CT), magnetic resonance
imaging (MRI), ultrasound, contrast, and other imaging
methods [8]. Among them, chest radiographs are cheap and
suitable for preliminary screening of aortic constriction, but
their diagnostic sensitivity is too low. 2e color Doppler
ultrasound can accurately assess the degree of aortic stenosis
and the corresponding heart and valve abnormalities. CT
images can perform three-dimensional (3D) reconstruction
of diseased blood vessels and clearly identify the location of
the lesion and its surrounding conditions, but there is
ionizing radiation, which is not suitable for repeated ex-
aminations [9]. Computed tomography angiography (CTA)
is a non-invasive method to assess the pressure gradient of
aortic constriction, which can accurately assess the collateral
circulation. When the patient undergoes interventional
treatment, CTA can be used to solve the problem at one
time. In this study, CTA was intended applied to diagnose
and evaluate patients with CAC.

With the rapid development of artificial intelligence and
computer technology, medical intelligent diagnosis has
become an auxiliary means of clinical imaging examination.
Image segmentation refers to the division of regions
according to the color and gray of the image, and then the
use of computer models to merge and adjust the key features,
and finally achieve the purpose of target recognition. In the
field of medicine, intelligent segmentation can improve the
quality of the original image to a certain extent, and assist
physicians in providing the reliability of diagnosis results
[10, 11]. 2erefore, it is very important to choose an ap-
propriate image segmentation model. In this study, 126
patients with CAC diagnosed by surgery were selected as the
research objects and underwent the routine digital sub-
traction angiography (DSA) and CTA examinations. 2en,
the traditional active contour model (AC model) was op-
timized based on the local area information to construct a
new image segmentation model for intelligent segmentation
and reconstruction of the CTA images of patients. 2e DSA
examination result was undertaken as the gold standard to
evaluate the diagnostic performance of the CTA images
based on the image segmentation model for CAC.

2. Materials and Methods

2.1. Research Samples. 126 patients with CAC diagnosed by
surgery who were admitted to the hospital fromMay 1, 2017,
to May 1, 2020, were selected as the research subjects, and all
were examined by conventional DSA and CTA. Among
them, there were 81 males and 45 females, ranging in age
from 15 to 43 years old, with an average age of 26.72± 7.95
years old. 2is study had been approved by the ethics
committee of the hospital, and the patients and their families

had understood the situation of the study and signed the
informed consent forms.

2e inclusion criteria were defined as follows: patients
with clinical symptoms such as heart murmur, dyspnea,
chest tightness, and fatigue; patients with good treatment
compliance; patients under 15 years old; patients with
complete clinical data. 2e exclusion criteria were given as
follows: patients with aortic constriction by pure echocar-
diogram; patients who gave up treatment and had been
discharged; patients who had not been confirmed by surgery;
patients who were older than 70 years old.

2.2. CTA Examination. 64 rows 128-slice Lightspeed spiral
CT was adopted to examine all patients. 2e specific steps
were as follows. 2e patient was required to keep in a supine
position, breathe calmly, and stop swallowing activities, with
the shoulders drooping naturally. 2e head was fixed with a
head frame so that the orbital line was perpendicular to the
bed surface. 2e scan was from the entrance of the patient’s
thorax to the upper mid-abdomen position. After a plain
scan, a 320mg/mL non-ionic contrast agent iopamidol
(injection speed of 2–5mL/s) was injected from the elbow
vein, and relevant data were collected at the same time. 2e
scanning parameters were set as follows: the voltage was
100 kV, the current was 120mA, the matrix was 256× 256,
and the scanning time was 5–7 seconds.

2.3. DSA Examination. 2e patient was required to keep in a
supine position. After local anesthesia with 3% lidocaine, the
vascular puncture was applied at the most obvious right
femoral artery pulsation (the needle angle was about 35°).2en,
the 5F arterial sheath was inserted and fixed and rinsed with
heparin saline. Under the guidance of the loach guidewire, a 5F
Cordis pigtail radiography tube was used for contrast (dose of
26mL, and a flow rate of 15mL/s). Next, 4F Cordis single-
curved catheter was adopted for cerebral angiography (dose of
12mL, and a flow rate of 8mL/s), which can clearly display the
common carotid artery, internal and external carotid arteries,
vertebra-basal artery, middle cerebral artery, anterior cerebral
artery, posterior cerebral artery, and external blood vessels.2e
conventional frontal, lateral, and oblique images were taken to
dynamically observe the condition of blood vessels. 2e
contrast agent was iohexol injection onipex (concentration at
150mg/mL). During the operation, we had to pay attention to
the detection of the patient’s vital signs such as breathing, heart
rate, and blood pressure. Immediately after the operation,
manual compression was adopted to stop bleeding for about 18
minutes until there was no bleeding at the puncture point when
there was no compression. After that, an elastic bandage was
applied to compress for 24 hours.2e patient was instructed to
puncture the lower limbs and brake 24 hours, or a professional
suture device or vascular occluder can be adopted to stop the
bleeding.

2.4. Image Processing and Evaluation. 2e collected original
images were transmitted to the workstation and diagnosed
by two imaging physicians with more than 5 years of work
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experience. 2e aortic arch and the three major branch
vessels of the patient were observed from multiple angles to
check whether there were collateral arteries and analyze the
anatomical structure and adjacent relationship of the heart
and great vessels. In addition, the pathological anatomy of
the patient’s aortic constriction was recorded, and the di-
ameter and length of the constriction were measured.

Image quality evaluation can be graded into three levels:
clear (the vascular shadow was clear and sharp and the image
was complete without artifacts and bone occlusion), good
(the blood vessel wall was smooth, but there was a small
amount of skull base or cervical skeletal artifacts), and poor
(the vascular shadow was blurred, and there were more
multiple bone artifacts).

2.5. Optimized Image Segmentation Model Based on Local
Area Information. 2e traditional AC (active contour) [12]
can detect holes in the image, is insensitive to the position of
the initial contour curve and has nothing to do with the
image gradient information and can better adapt to images
with large and small gradient changes. However, because
this model only uses global information, it cannot correctly
segment images with the uneven grayscale distribution.
2erefore, the local area information was introduced in this
study to optimize the traditional AC model. An original
image was supposed to be P, then its energy function can be
expressed as below equation:

F L, l1 · l2( 􏼁 � α1􏽚
inside

P(x) − l1(x)
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
2dx + α2􏽚

outside
P(x) − l2(x)

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
2dx + βH(L). (1)

In equation (1) , α1 was the internal energy weight pa-
rameter, α2 was the external energy weight parameter, L
represented the contour curve, β referred to the weight
parameter of the perimeter of the contour curve, x was any
point in the image, and F( ) was the energy function. In
addition, different from the traditional active contour (l1(x)
and l2(x) were the mean gray values inside and outside the
contour curve, respectively), both l1(x) and l2(x) were

functions, and their values were related to the image in-
formation of the local area around the x point. Figure 1 is a
schematic diagram of l1(x) and l2(x) of the AC model before
and after optimization, where a was any point inside the
contour curve L, and b was any point outside the contour
curve L.

During the optimization of the AC model, l1(x) and l2(x)
could be expressed as follows:

l1(x) �
P(x)Gv(ϕ(x))􏼂 􏼃

◇
KR(x)

Gv(ϕ(x))
◇

KR(x)
,

l2(x) �
P(x)1 − Gv(ϕ(x))􏼂 􏼃∗KR(x)

1 − Gv(ϕ(x))( 􏼁∗KR(x)
.

(2)

In the abovementioned two equations, ◇ referred to the
convolution symbol, G( ) represented the Heaviside func-
tion, ϕ( ) was the level set function, KR( ) was the kernel
function (KR(x) � (sign(R2 − x2) + 1)/2), and R was the
radius of the kernel function. 2is method enabled the
average gray value of any x point only related to the gray
values of other points near the x point and changed the
uniform constant corresponding to all points of the image

into a function of each point corresponding to the local area
of each point, thereby solving the problem that the tradi-
tional ACmodel can only use global information and cannot
apply to the problem of uneven brightness images. 2en, the
Heaviside function [13] and Dirac function [14] were in-
troduced to transform this function into a level set function,
then the below equation can be obtained:

F ϕ, l1, l2( 􏼁 � η1􏽚
Ω

P(x) − l1(x)
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
2
G(ϕ)dx + η2􏽚

Ω
P(x) − l2(x)

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
2
(1 − G(ϕ))dx + βH(ϕ). (3)

2e level set function would be distorted in actual op-
eration and cannot meet the condition of meeting the signed
distance function, so it was necessary to constantly initialize
the level set function, which greatly increased the workload
of the operation, so a new solution had to be introduced in
actual calculations.

ϕ(x) � sign ϕ0( 􏼁(1 − |Δϕ|). (4)

ϕ(x, y, 0) � ϕ0. (5)

Equations (4) and (5) were the signed distance functions,
and |Δϕ| � 1. In order to further realize the automatic
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orthodontics of the function, the energy constraint was
introduced.

E∗ � 􏽚
Ω

|Δϕ(x) − 1|
2

2
dx. (6)

2e below equation can be obtained by calculating
equation (6) using the gradient descent method [15]:

zϕ
zt

� div 1 −
Δϕ

|Δϕ|
􏼠 􏼡. (7)

In equation (7), 1 − (1/|Δϕ|) was the diffusion factor. If
|Δϕ|> 1, then ϕ would be smoother; if |Δϕ|< 1, then ϕwould
be steeper. 2e equation (8) could be obtained by incor-
porating equation (7) into the level set function.

F∗ ϕ, l1, l2( 􏼁 � F ϕ, l1, l2( 􏼁 + λE∗ ϕ, l1, l2( 􏼁. (8)

λ was the weight parameter of the orthodontic function
in the abovementioned equation. In actual calculations, the
following regularization functions were also introduced [16]:

Gu(x) �
(2 arctan/π)(x/u) + 1

2
,

ζu(x) �
u

π u
2

+ x
2

􏼐 􏼑
.

(9)

2e gradient flow that minimized the energy function
can be obtained by differentiating the equation (8):

zϕ
zt

�
zF

zϕ
,

zϕ
zt

� − δu(ϕ) η1 F − l1( 􏼁
2

− η2 F − l2( 􏼁
2

􏽨 􏽩 + βδu(ϕ)Γ + λ(Δϕ − Γ).

(10)

In the abovementioned equations, − δu(ϕ)η1(F − l1)
2

represented the regional energy, βδu(ϕ)Γ represented the
length term function, λ(Δϕ − Γ) referred to the orthodontic
function, Γ was the curvature of the level set and

Γ(x) � (divΔϕ/|Δϕ|), and Δ represented the Laplacian op-
erator and Δ(ϕ) � ∇(∇(ϕ)). 2us, the final function can be
expressed as follows:

ϕk+1 � ϕk + Δt − δu(ϕ) η1 P − l1( 􏼁
2

− η2 P − l2( 􏼁
2

􏽨 􏽩 + βδu(ϕ)Γ + λ(◇ϕ − Γ)􏽮 􏽯. (11)

In the above equation (11), Δt was the evolution time
step of the level set. 2e basic flow of the model is shown in
Figure 2.

2.6. Image Segmentation Simulation Experiment. 2e ex-
perimental platform was Matlab7.0 software, the central
processing unit (CPU) is 2.5GHz, and the memory was
3GB.2e image segmentationmodel optimized in this study

was adopted for the initial segmentation experiment on the
simple artificially synthesized noisy image. 2e evolution
times of segmentation should be recorded. 2en, the opti-
mized image segmentation model, traditional AC model,
and RG (region growth) model [17] were applied to the
angiography images to verify the effectiveness of segmen-
tation. 2e evolution times and running time required for
the model segmentation were selected as indicators to
quantitatively evaluate the performance of the model.

a

b

L a

b

L

Figure 1: Schematic diagram of l1(x) and l2(x) of the ACmodel before and after optimization.2e left figure shows the schematic diagram of
l1(x) and l2(x) of the traditional AC model, and the right figure shows the schematic diagram of l1(x) and l2(x) of the optimized AC model.
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2.7. Statistical Methods. 2e data processing of this study
was analyzed by SPSS 19.0 version statistical software, the
measurement data was expressed by the mean± standard
deviation (x ± s), and the count data was expressed by the
percentage (%). 2e one-way analysis of variance was used
for pairwise comparison. 2e difference was statistically
significant at P< 0.05.

3. Results

3.1. Image Segmentation Experiment Results. Figure 3 shows
the segmentation effect of the artificially synthesized noise
map by the optimized image segmentation model. 2e
position of the contour curve was constantly changing under
different evolution steps, and the evolution was only related
to the local area of the point. When the evolution was
performed for 95 steps, the segmentation effect of the op-
timized model was the best.

Figure 4 shows the segmentation effect of three models
on CTA. It can be seen that compared with AC and RG
models, the model constructed in this study showed a
smaller segmentation range for angiography images, and the
segmentation results were more accurate, which can display
all important information.

In order to further clarify the image segmentation
performance of the model constructed in this paper,
quantitative index comparisons were performed. Figure 5
illustrates the evolution times and running time required for
the image segmentation of the three models. Figures 5(a)
and 5(b) reveal that the evolution times and running time
required by the construction model were much less than

those of the AC and RG models, and the differences were
statistically significant (P< 0.05).

3.2. Analysis of Constriction Types of Patients. As shown in
Figure 6, the DSA examination confirmed 68 cases of
precatheter, 32 cases of paracatheter, and 26 cases of
postcatheter. If the DSA examination result was undertaken
as the gold standard, there were 122 correctly diagnosed
cases, 3 missed diagnosed cases, and 1 misdiagnosed by
CTA, so the diagnosis coincidence rate was 96.83%.

Figure 7 illustrates the results of DSA and CTA exam-
inations for different types of constriction.2e average inner
diameter and average pressure difference of precatheter,
paracatheter, and postcatheter patients in the CTA exami-
nation were not statistically significant compared with those
of the DSA (P> 0.05).

Figure 8 shows a CTA image of a male patient (42 years
old). 2e clinical symptoms include that precordial squeezing
pain occurred when tired, lasting for 2 hours, which can be
relieved after rest; the image showed the local uterus of the
descending aortic arch, and the cavity was constricted.
2erefore, it was diagnosed as aortic constriction. Figure 9
shows a CTA image of a female patient (35 years old). 2e
clinical symptoms included emotional agitation after a full meal,
or chest tightness and shortness of breath caused by fatigue,
which could be relieved after rest. 2e physical signs were
audible and continuous murmurs in the second intercostal
space on the left edge of the sternum.2e image showed patent
ductus arteriosus, and there were circulating blood vessels
between the aortic arch and the pulmonary artery. 2erefore, it

Input original image

Initialize constant parameters
(η1, η2, Δt, et al)

Initialize level set function (ϕ)

Calculate Δϕ, Г (x), et al
Calculating the gray value of 
each point inside and outside 

the outline curve

Define profile curve

Adjust level set 
function (ϕκ)

Update level set 
function (ϕκ+1)

Check whether the level set 
function converges

Solve the curve of the 
zero level set

End

Figure 2: Optimized image segmentation models based on local area information.
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1 2 3

4 5

Figure 3: 2e segmentation effect of the optimized image segmentation model on the artificially synthesized noise map. 1–5 were the
original image and contour lines, those after 15 steps of evolution, those after 45 steps of evolution, those after 65 steps of evolution, and
those after 95 steps of evolution.
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(a)
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Figure 4: 2e segmentation effect of three models on CTA. (a, b) CT angiography images.
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Figure 5: Evolution times and running time required for image segmentation of the three models. (a) 2e segmentation index; (b) the
segmentation index. ∗ indicates that the difference was statistically obvious in contrast to the constructed model (P< 0.05).
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was diagnosed as aortic constriction with patent ductus
arteriosus.

3.3. Combined Malformations of Patients. Figure 10 shows
the results of the DSA examination of the patients with
abnormalities. 2ere were 293 cases of combined

abnormalities, including 178 cases of intracardiac structural
abnormalities, 32 cases of cardiac-vascular connection ab-
normalities, and 83 cases of extracardiac vascular abnor-
malities. Figure 11 shows the results of the CTA
examination. If the DSA result was undertaken as the gold
standard, the CTA examination suggested that there were
154 cases with intracardiac structural abnormalities, with a

3
20.63%

2
25.4%

1
53.97%

1
2
3

Figure 6: DSA examination results of different constriction types. 1, 2, and 3 referred to precatheter, paracatheter, and postcatheter,
respectively.
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Figure 7: DSA and CTA examination results of different constriction types. (a–c) 2e results of precatheter, paracatheter, and postcatheter
types, respectively.
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detection rate of 86.52%; there were 32 cases of cardiac-
vascular connection abnormalities, with a detection rate of
100%; and there were 79 extracardiac vascular abnormalities,
with the detection rate of 95.18%. In addition, 4 cases were
missed, including 2 cases of patent ductus arteriosus, 1 case
of aortic septal constriction, and 1 case of abnormal bra-
chiocephalic veins.

4. Discussion

Aortic constriction refers to the congenital stenosis of the
local lumen of the aorta, which is generally concentrated
near the junction of the arterial duct and the aortic duct.

According to the positional relationship between the ste-
nosis and the arterial duct, it can be divided into a pre-
catheter constriction, paracatheter constriction, and
postcatheter constriction [18, 19]. 2ere are many clinical
examination methods for aortic constriction, including
echocardiography, CTA, DSA, and MRI. In order to further
improve the diagnostic effect of aortic constriction, the
traditional AC model was optimized in this study based on
local area information to construct a new image segmen-
tation model, which was applied to 126 cases of CAC pa-
tients diagnosed by surgery in the CTA angiography
diagnosis. For the segmentation effect of the simple artifi-
cially synthesized noise map, it can be seen that the position
of the contour curve was constantly changing under dif-
ferent evolution steps, and the evolution was only related to
the local area of the point. When the evolution was 95 steps,
the segmentation effect of the model optimized in this study
achieved the best performance. Compared with the AC and
RG models, the model constructed showed a smaller seg-
mentation range for angiography and more accurate seg-
mentation result, which can display all important
information. 2e quantitative data results suggested that the
evolution times and running time of the constructed model
were less than those of the AC and RG models (P< 0.05),
which was similar to the results of Wang et al. [20], indi-
cating that the image segmentation performance of this
model was better.

2e DSA examination confirmed 68 cases of precatheter,
32 cases of paracatheter, and 26 cases of postcatheter. If the
DSA examination result was undertaken as the gold stan-
dard, there were 122 correctly diagnosed cases, 3 missed
diagnosed cases, and 1 misdiagnosed by the CTA, so the
diagnosis coincidence rate was 96.83%. Such results indi-
cated that CTA imaging shows high accuracy for the

Figure 8: CTA images of a male patient. 2e left image was the CTA image and the right image was the 3D reconstruction image using the
aortic volume reconstruction technology.

Figure 9: CTA images of a female patient.2e left image was the CTA image and the right image was the 3D reconstruction image using the
aortic volume reconstruction technology.

a
60.75%

b
10.92%

c
28.33%

a
b
c

Figure 10: DSA examination results of patients with malforma-
tions. (a–c) 2e percentages of patients with intracardiac structural
abnormalities, cardiac-vascular connection abnormalities, and
extracardiac vascular abnormalities, respectively.
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diagnosis of aortic constriction. 2e individual missed di-
agnosis andmisdiagnosis may be related to the differences in
clinical experience and picture quality of physicians them-
selves [21]. Compared with DSA, the average inner diameter
and average pressure difference of patients with precatheter,
paracatheter, and postcatheter type were not greatly different
in CTA (P> 0.05), suggesting that the CTA imaging based
on the new image segmentation model showed the equiv-
alent accuracy to that of the DSA, and it was also suitable for
clinical diagnosis. 2e results of the DSA examination
showed that there were 293 cases of combined abnormali-
ties, including 178 cases of intracardiac structural abnor-
malities, 32 cases of cardiac-vascular connection
abnormalities, and 83 cases of extracardiac vascular ab-
normalities. 2e DSA is a common method for clinical
observation of vascular diseases, and its diagnostic accuracy
is extremely high [22, 23]. If the DSA result was undertaken
as the gold standard, the CTA examination suggested there
were 154 cases with intracardiac structural abnormalities,
with a detection rate of 86.52%; there were 32 cases of
cardiac-vascular connection abnormalities, with a detection
rate of 100%; and there were 79 extracardiac vascular ab-
normalities, with the detection rate of 95.18%. It revealed
that the CTA based on the new image segmentation model
showed a better diagnostic effect on the cardiovascular-

vascular connection abnormalities and extracardiac vascular
abnormalities [24, 25].

5. Conclusion

In this study, the traditional AC model was optimized based
on the local area information to construct a new image
segmentation model, which was applied to the CTA diag-
nosis of 126 CAC patients diagnosed by surgery. 2e results
found that the CTA imaging based on the artificial intelli-
gence image segmentation model showed a better diagnostic
effect on cardiovascular-vascular connection abnormalities
and extracardiac vascular abnormalities and can be used as
an effective means of clinical diagnosis of CAC. 2e opti-
mized image segmentation model based on local area in-
formation proposed has excellent segmentation
performance for CT angiography images and has good
segmentation effect and efficiency. However, there were
some shortcomings in this study. 2e number of aortic
constriction patient samples was little with a single source,
which may affect the feasibility of the results. In the follow-
up, it will increase the selection of patient samples and
further analyze the new image segmentation model con-
structed, so as to improve the reliability of the model. In a
word, the research of combining artificial intelligence
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Figure 11: CTA examination results of patients with malformations. (a–c) 2e percentages of patients with intracardiac structural ab-
normalities, cardiac-vascular connection abnormalities, and extracardiac vascular abnormalities, respectively. 1–7 represent the valvular
disease, patent foramen ovale, atrial septal defect, endocardial cushion defect, patent ductus arteriosus, aortic diaphragm type constriction,
and abnormal brachiocephalic vein, respectively.
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technology with imaging in this paper provides a reference
for the intelligent evaluation of congenital coarctation of the
aorta.
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