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To evaluate the clinical application effect of spiral computed tomography (CT) three-dimensional (3D) reconstruction based on
artificial intelligence in transcatheter aortic valve implantation (TAVI), a CT 3D reconstruction model based on deep
convolutional neural networks (DCNN) was established in this research, which was compared with the model-based iterative
reconstruction (MBIR) and used in clinical practice. Then, 62 patients with aortic stenosis (AS) who underwent TAVI
surgery were recruited as the research objects. The accuracy, sensitivity, and specificity of the multislice spiral CT scan
(MSCT) and transthoracic echocardiography (TTE) in predicting the type of TAVI surgical valve were compared and
analyzed. The results showed that the mean absolute error (MAE) (0.01) and root mean square error (RMSE) (0.086) of the
MBIR model were higher than the reconstruction model in this research. The structural similarity (SSIM) (0.831) and peak
signal-to noise ratio (PSNR) (32.77 dB) of the MBIR model were lower than the reconstruction model, and the differences
were considerable (P < 0:05). Of the valve models selected based on the TTE measurement results, 35 cases were accurately
predicted and 27 cases were incorrectly predicted. The accuracy of MSCT was 87.1%, the specificity was 98.84%, and the
sensitivity was 92.87%; all of which were significantly higher than TTE (P < 0:05). In summary, compared with the MBIR
reconstruction model, the imaging results of the model established in this research were closer to the real image. Compared
with TTE, MSCT had higher accuracy, sensitivity, and specificity and can provide more accurate preoperative predictions for
patients undergoing TAVI surgery.

1. Introduction

Aortic stenosis (AS) is a common valve disease and its inci-
dence increases with age. Some studies have shown that the
incidence rate in people over 75 years old is about 5% [1, 2].
The clinical manifestations of AS are chest tightness, dys-
pnea, and even myocardial infarction and sudden death in
patients with inflammation [3]. AS can lead to increased
pressure load of the left ventricle, resulting in a shortened
diastolic period and prolonged ejection time [4]. The patho-
genic causes of AS include inflammation, degenerative changes,
and congenital developmental malformations. The most com-
mon lesions of AS abroad are degenerative calcification in old

age, while the most common cause of AS in China is rheumatic
heart disease [5–7].

Surgical aortic valve replacement (SAVR) is the first
choice for patients with severe AS [8–10]. However, since
most patients with AS are elderly people over 70 years
old, they are often accompanied by diseases such as renal
failure and chronic obstructive pulmonary disease, which
greatly increase the risk of surgery [11, 12]. Transcatheter
aortic valve implantation (TAVI) is one of the hot topics
in cardiovascular research in recent years. Compared with
SAVR, this technique has less trauma, lower risk, and fewer
contraindications and is suitable for AS patients who can-
not be treated with SAVR [13, 14]. The operation path of
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TAVI mainly includes the anterograde method and the
method of operation. Both of these surgical methods belong
to the complicated interventional treatments, which have
strict requirements for imaging examinations, requiring
high accuracy and clear imaging [15]. At present, the clin-
ical imaging methods used to assess AS mainly include
transthoracic echocardiography (TTE), nuclear magnetic
resonance (MRI), and multislice spiral CT scan (MSCT)
[16, 17]. Echocardiography is a noninvasive examination,
and there is no radiation damage. The operation is simple,
but the imaging quality is not good, and it is greatly
affected by the operation level of the clinician [18]. Cardiac
MRI is not affected by the gas in the bones and lungs, and
clearly shows the internal conditions of the heart. The
imaging results have better spatial and temporal resolution
and are less affected by the level of the operator. However,
the technology has many contraindications, and the coop-
eration of the examinee is required [19]. MSCT combines
the advantages of ultrasound and MRI technology, can
clearly show the structure and spatial relationship of nor-
mal tissue and lesion tissue, and is widely used in assessing
the degree of calcification and valve stenosis in AS patients
[20, 21].

However, traditional CT imaging is based on a large
amount of projection data, which increases the reconstruc-
tion time while also increasing the radiation dose received
by the patient [22]. Therefore, how to reduce the number
of scans and reduce the radiation dose has become a hot
topic for many scholars [23]. Some scholars used intelligent
algorithms to train image segmentation models in a large
number of datasets, which speeds up imaging and improves
imaging quality [24]. Among them, deep learning is the
most widely used. Kong et al. [25] used the volume neural
network to achieve the segmentation of CT images, and
the effect was good. However, the establishment of the
model is based on a huge dataset. If the data of each patient
is trained, it will greatly increase the training time and
reduce the imaging efficiency [26].

Based on the abovementioned factors, TAVI is one of the
hot topics in cardiovascular research in recent years and
MSCT can accurately reflect the structure and spatial rela-
tionship of the tissues around the lesion. The neural network
can effectively improve the imaging quality. Therefore, the
deep convolutional neural network (DCNN) was employed
in this research to perform CT 3D reconstruction and to

evaluate the application of TAVI in AS treatment and prog-
nostic analysis. This research is aimed at providing a reliable
treatment method for AS patients and reducing mortality
and improving the quality of life of patients.

2. Materials and Methods

2.1. Research Objects. A total of 62 patients with AS in the
hospital from February 2019 to June 2020 were selected as
the research objects. There were 38 males and 24 females,
aged from 49 to 80 years, with an average age of 70:23 ±
5:3 years. All patients underwent preoperative MSCT and
TTE examination. This study had been approved by the
ethics committee of the hospital. Patients and their families
were aware of this research and have signed the informed
consent.

Inclusion criteria are as follows: (i) patients with poor
compliance in examination, (ii) patients with contraindica-
tions for CT examination, and (iii) patients with complete
clinical data.

Exclusion criteria are as follows: (i) patients with mental
diseases, (ii) patients who dropped out of the experimental
group due to personal factors, and (iii) patients who cannot
cooperate with the follow-up.

2.2. Imaging Methods and Image Analysis. In this research,
patients were examined by 64 slice spiral CT. The scanning
layer thickness was 625mm × 64mm, the rack speed was
set to 0.42 s/360°, the tube voltage was set to 120 kV, and
the tube current was set to 100–210mAs. A nonionic iodine
pair agent (iopamidol 370mg I/mL) was used for 52–
140mL, and a contrast agent was used according to the
patient’s body weight and specific conditions. The injection
rate was controlled at 4–5mL/s. The region of interest was
located in the aorta, the trigger threshold was set to
110HU, and the scanning range was from the tracheal
carina to the diaphragmatic surface of the heart. The scan-
ning time was 4.8 to 10 seconds. The reconstruction thick-
ness was set to 0.67mm, and the data was stored after the
scanning was completed. Transthoracic echocardiography
was performed using Philips iE33 and the corresponding
probe (transthoracic SS-1).

Image processing was implemented by the heart software
provided by Excel Brilliance Walkspace (EBW) for image
reconstruction and analysis, including volume present
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Figure 1: Schematic diagram of X-ray attenuation.
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Figure 3: Model performance evaluation. (a) Showed the MAE and RMSE; (b) showed the SSIM and PSNR. ∗ indicated that the difference
was significant compared to the reconstruction model in this research (P < 0:05).
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Figure 2: CT 3D reconstruction model framework.
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(VR), multiplane reconstruction (MPR), surface reconstruc-
tion (CPR), and maximum intensity projection (MIP).

2.3. DCNN CT 3D Reconstruction Model Establishment. The
basis of image reconstruction is that when X-ray irradiates
an object, it interacts with the object and then attenuates.
The attenuating effect is regarded as the absorption of X-
ray by the object, so as to obtain the imaging result of
the object (Figure 1). It is set that N is the intensity of
the incoming X-ray light, N1 is the intensity of attenuated
light after the X-ray passes through the object, μ is the
attenuation coefficient, K is the thickness of the object,
and then, the relation between N and N1 is mapped as
the following equation.

N1 =Ne−μK : ð1Þ

In practical application, the thickness of objects is not
uniform, for example, the thickness and density of human
bones and muscles are inconsistent, so equation (1) does
not meet the actual requirements. The object is subdivided
into m modules, then, there is a thickness k in each mod-
ule, and the attenuation coefficient of the module is
denoted as μ1, μ2,⋯, μi; then, the mapping between N
and N1 is redefined as follows.

N1 =N exp −kΣ
m

i=1
μi

� �
: ð2Þ

To obtain a more accurate reconstruction, as k approaches
infinitely small, the linear integral is derived from the probe
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Figure 5: 3D reconstruction of the cross-sectional CT image of the heart. (a) Showed the real image; (b) showed the image processed by the
reconstruction model proposed; (c) showed the image processed by the MBIR model.
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Figure 4: Heart CT loss curve.
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plate to equation (2), as shown as follows.

P =
ð
μ

N

xð Þkx: ð3Þ

Shen et al. [27] designed a hierarchical neural network and
used it in the structured training process of ultrasparse projec-
tion view data to complete the prediction of 2D images to 3D
images generated by X-ray. The feature space conversion
(encoder-decoder) framework was added to 2D imaging and
3D imaging, and the 3D image of the object was successfully
obtained from 2D imaging after training. Based on Shen
et al.’s work, this work added residual paths of feature images
to the generation network to obtain a CT 3D reconstruction
model framework (Figure 2).

2.4. Observation Indexes. According to the number of aortic
valve rings and the shape of the aortic root of the patient, the
appropriate valve type was selected. Aortic valve annulus
diameter measurement was implemented by the 3D mea-
surement method, which measured the aortic valve annulus
diameter, and the attachment point of aortic valve was delin-
eated on the aortic valve. In the reconstructed 3D image, the
lowest point of three arched aortic valves was taken out to
determine a plane and the long axis diameter and short axis
diameter of the plane were measured.

The collected data samples were adjusted uniformly to a
128 × 128 size, and normalized to obtain 2D network data as
the input image. Mean absolute error (MAE), root mean
square error (RMSE), structural similarity (SSIM), and peak
signal-to-noise ratio (PSNR) were calculated to measure the
quality of the image reconstruction.

2.5. Statistical Treatment. The data processing in this
research was analyzed by SPSS 19.0. Measurement data
was expressed by the mean plus or minus standard deviation
(�x ± s), and the count data was expressed by the percentage
(%). One-way analysis of variance was used for pairwise
comparison. The difference was considerable at P < 0:05.

3. Results

3.1. Model Performance Evaluation. MBIR was introduced
and compared with the proposed model regarding the
MAE, RMSE, SSIM, and PSNR of the two models. The
results were shown in Figure 3. The MAE (0.01) and RMSE
(0.086) of the MBIR model were significantly higher than
those of the reconstruction model in this research. The SSIM
(0.831) and PSNR (32.77 dB) of the MBIR model were sig-
nificantly lower than those of the reconstruction model in
this research, and the differences were substantial (P < 0:05
). It showed that the imaging result of the reconstruction
model in this research was closer to the real image and the
image resolution was relatively higher and the imaging effect
was good.

MSE of the training sample and the validation sample of
cardiac CT was compared during the training process
(Figure 4). The proposed model fitted the training data well
and had a good effect on the data not included in the train-
ing dataset.

3.2. Algorithm Reconstruction Result. Figure 5 showed the
3D reconstruction of the cross-sectional images of the heart
CT processed by the proposed reconstructed model and
MBIR model. The proposed reconstructed model had a bet-
ter effect, and the reconstructed image was closer to the real
image. It further illustrated that deep learning technology
has the potential for development in the application of CT
3D reconstruction applications.

3.3. Measurement Result of the Aortic Valve Annulus
Diameter (MSCT). A total of 62 patients were included.
Among them, 42 patients had tri-leaflet valves and 20
patients had two-leaf valves. The measured annulus diame-
ter of all patients was shown in Figure 6.

3.4. TTE Measurement Results and TAVI Surgery Results.
Valve models selected by 62 patients after TAVI were
counted based on aortic ring diameter measurement results
and compared with TTE measurement results (Figure 7).
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Figure 6: Measurement results of the aortic valve annulus diameter.
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Valve type 23 was used in 4 of 62 patients, while 43 patients
were treated with valve type 26. Valve type 29 was used in 13
patients. The valve model 32 was used in 2 patients. Accord-
ing to the results of TAVI operation, 54 cases were predicted
accurately according to the results of MSCT measurement
and the accuracy was 87.1%. According to the measurement
results of TTE, 35 cases were predicted accurately, the accu-
racy was 56.45%, which was significantly lower than MSCT,
and the difference was considerable (P < 0:05).

Based on the results of MSCT and TTE (predictive value)
and surgical results (true value), the sensitivity and specificity
of MSCT were 92.87% and 98.84%, respectively. The sensitiv-
ity and specificity of TTE were 82.31% and 49.52%, respec-
tively. Receiver operating characteristic (ROC) curves of TTE
and TTE were drawn in Figure 8, and the difference between
TTE and TTE was considerable (P < 0:05).

4. Discussion

AS is a common heart valve disease in the elderly, leading to
heart failure risk, high surgical risk, and poor prognosis. The
development of TAVI technology provides a new path for
patients who cannot be treated with SAVR due to their
own complications. Sehatzadeh et al. [28] evaluated the
safety, efficacy, and cost effectiveness of TAVI in elderly
patients with symptomatic aortic stenosis. The results
showed that the one-year mortality of TAVI and SAVR
was similar and the survival rate of patients who could not
receive SAVR but chose TAVI was significantly improved.
In addition, the diameter of the aortic valve ring should be
obtained through imaging examination before TAVI treat-
ment and the appropriate valve type should be selected
according to the examination results. Inappropriate valve
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Figure 7: Comparison of MSCT and TTE measurement results. (a) Showed the TAVI operation results; (b) showed the comparison of
MSCT and TTE measurement results. ∗ indicated that TTE was considerable compared to MSCT (P < 0:05).
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type and size will lead to pathological changes of surround-
ing annulus and aortic regurgitation, which will seriously
affect the prognosis of patients [29, 30]. In this research, a
3D CT reconstruction model based on DCNN was proposed
based on artificial intelligence and MBIR reconstruction
model was introduced. MAE, RMSE, SSIM, and PSNR of
the two models were compared. The results showed that
the SSIM and PSNR of the reconstruction model presented
in this work were significantly lower than those of MBIR
model, while SSIM and PSNR were significantly higher than
those of the MBIR model, and the difference was statistically
significant (P < 0:05). This indicated that the reconstruction
model had better performance in CT image processing and
the image quality obtained by the reconstruction model
was significantly better than that obtained by traditional
algorithms.

In this research, the trained model was applied into clin-
ical practice. 62 AS patients were selected as research objects,
and the diameter of the aortic valve ring of all patients was
measured by MSCT and TTE. According to the measured
results, a suitable valve type was selected (the predicted
value) and the predicted value was compared with the actual
value of the operation. León Del Pino et al. [31] explored the
risk factors of prosthesis-patient mismatch (PPM) in 185
patients after TAVI surgery. The results showed that the
higher European cardiovascular risk factor score (Euro
Score), smaller prosthesis size, and smaller aortic ring diam-
eter were associated with PPM. After TAVI, 4 of 62 patients
had valve type 23, while 43 patients were treated with valve
type 26. Valve type 29 was used in 13 patients, and valve type

23 was used in 2 patients. The valve type used in TAVI sur-
gery was selected according to the diameter, area, and cir-
cumference of the aortic valve ring, and an appropriate
valve type was the key to successful surgery [32]. In this
research, 54 cases of valve models selected based on MSCT
measurement results were correctly predicted, while 8 cases
were incorrectly predicted. Among the valve models selected
according to TTE measurement results, 35 cases were cor-
rectly predicted and 27 cases were incorrectly predicted.
The accuracy, sensitivity, and specificity of the two methods
were compared based on TAVI results. The results showed
that the accuracy, specificity, and sensitivity of MSCT were
87.1%, 98.84%, and 92.87%, respectively, which were signif-
icantly higher than those of TTE (P < 0:05). Preoperative
evaluation of TTE can measure the internal anatomical
structure and valve size of the heart in real time, but it is eas-
ily affected by the operator level and aortic valve calcifica-
tion, so the measurement results of TTE are small. Doris
et al. [33] evaluated the severity of aortic stenosis in patients
with aortic valve calcification by CT quantification (CT-
AVC) and conducted a comparative study with echocardiog-
raphy. The results showed that CT-AVC was reproducible
and the measurement reproducibility became more stan-
dardized over time, with higher accuracy than echocardiog-
raphy, which was similar to the results of this research.

5. Conclusion

The DCNN-based CT 3D reconstruction model was estab-
lished in this research based on artificial intelligence
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Figure 8: ROC curve for predicting the accuracy of valve models. (a) MSCT; (b) TTE.
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technology, and the MBIR reconstruction model was intro-
duced and applied in clinical practice. The accuracy, sensi-
tivity, and specificity of MSCT and TTE in predicting valve
types after TAVI surgery were compared and analyzed in
62 AS patients who underwent TAVI surgery. The results
showed that compared with the MBIR reconstruction
model, the imaging results of the model established in this
research were closer to the real image and the image quality
was better. Compared with TTE, MSCT had higher accu-
racy, sensitivity, and specificity and can provide more accu-
rate preoperative prediction for patients undergoing TAVI
surgery. However, there is a lack of research on the progno-
sis of TAVI patients in this research. Moreover, due to the
limitation of the sample size, it is difficult to carry out a mul-
ticenter study, so further discussion on clinical application is
needed in the follow-up study. Overall, this research pro-
vides a new approach for the selection of valve types for
AS patients undergoing TAVI surgery.

Data Availability

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

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

Kunpeng Zhang and Yan Gao contributed equally to this
work.

References

[1] F. Hecker, M. Arsalan, W. K. Kim, and T. Walther, “Trans-
catheter aortic valve implantation (TAVI) in 2018: recent
advances and future development,” Minerva Cardioangiolo-
gica, vol. 66, no. 3, pp. 314–328, 2018.

[2] E. Salaun, M. A. Clavel, J. Rodés-Cabau, and P. Pibarot, “Bio-
prosthetic aortic valve durability in the era of transcatheter
aortic valve implantation,” Heart, vol. 104, no. 16, pp. 1323–
1332, 2018.

[3] N. Nalluri, V. Atti, A. B. Munir et al., “Valve in valve transcath-
eter aortic valve implantation (ViV-TAVI) versus redo-
surgical aortic valve replacement (redo-SAVR): a systematic
review and meta-analysis,” Journal of Interventional Cardiol-
ogy, vol. 31, no. 5, pp. 661–671, 2018.

[4] C. Fauvel, R. Capoulade, E. Durand et al., “Durabilite des
valves aortiques percutanees : une revue translationnelle,”
Archives of Cardiovascular Diseases, vol. 113, no. 3, pp. 209–
221, 2020.

[5] S. Arora, J. A. Misenheimer, and R. Ramaraj, “Transcatheter
aortic valve replacement: comprehensive review and present
status,” Texas Heart Institute Journal, vol. 44, pp. 29–38, 2017.

[6] W. K. Kim and C. W. Hamm, “Transcatheter aortic valve
implantation in Germany,” Clinical Research in Cardiology,
vol. 107, Suppl 2, pp. 81–87, 2018.

[7] G. C. M. Siontis, P. Overtchouk, T. J. Cahill et al., “Transcath-
eter aortic valve implantation vs. surgical aortic valve replace-
ment for treatment of symptomatic severe aortic stenosis: an

updated meta-analysis,” European Heart Journal, vol. 40,
no. 38, pp. 3143–3153, 2019.

[8] G. S. Ribeiro, R. D. Melo, L. F. Deresz, P. Dal Lago, M. R. Pon-
tes, and M. Karsten, “Cardiac rehabilitation programme after
transcatheter aortic valve implantation versus surgical aortic
valve replacement: systematic review and meta-analysis,”
European Journal of Preventive Cardiology, vol. 24, no. 7,
pp. 688–697, 2017.

[9] A. van Nieuwkerk, J. Baan, and R. Delewi, “Can transcatheter
aortic valve implantation improve cognition?,” Aging (Albany
NY), vol. 12, no. 4, pp. 3117-3118, 2020.

[10] T. J. Cahill, M. Chen, K. Hayashida et al., “Transcatheter aortic
valve implantation: current status and future perspectives,”
European Heart Journal, vol. 39, no. 28, pp. 2625–2634, 2018.

[11] C. Indolfi, A. L. Bartorelli, S. Berti et al., “Updated clinical indi-
cations for transcatheter aortic valve implantation in patients
with severe aortic stenosis: expert opinion of the Italian Society
of Cardiology and GISE,” Journal of Cardiovascular Medicine
(Hagerstown, Md.), vol. 19, no. 5, pp. 197–210, 2018.

[12] L. Gatto, G. Biondi-Zoccai, E. Romagnoli, G. Frati, F. Prati,
and A. Giordano, “New-generation devices for transcatheter
aortic valve implantation,” Minerva Cardioangiologica,
vol. 66, no. 6, pp. 747–761, 2018.

[13] L. Gaede, J. Blumenstein, C. Liebetrau et al., “Transvascular
transcatheter aortic valve implantation in 2017,” Clinical
Research in Cardiology, vol. 109, no. 3, pp. 303–314, 2020.

[14] P. T. L. Chiam, “Transcatheter aortic valve implantation in
Asia: the first decade,” EuroIntervention, vol. 14, no. 1,
pp. 35–37, 2018.

[15] D. J. Blackman, S. Saraf, P. A. MacCarthy et al., “Long-term dura-
bility of transcatheter aortic valve prostheses,” Journal of the
American College of Cardiology, vol. 73, no. 5, pp. 537–545, 2019.

[16] P. Blanke, J. R. Weir-McCall, S. Achenbach et al., “Computed
tomography imaging in the context of transcatheter aortic
valve implantation (TAVI) / transcatheter aortic valve replace-
ment (TAVR): an expert consensus document of the Society of
Cardiovascular Computed Tomography,” Journal of Cardio-
vascular Computed Tomography, vol. 13, no. 1, pp. 1–20, 2019.

[17] W. K. Kim, C. Hengstenberg, M. Hilker et al., “Transcatheter
aortic valve implantation with the ACURATE neo valve: indi-
cations, procedural aspects and clinical outcomes,” EuroInter-
vention, vol. 15, no. 18, pp. e1571–e1579, 2020, PMID:
31911402.

[18] C. J. Gaultier, “Implications médicolégales de l’implantation
transcathéter de la valve aortique (TAVI) [Medico-legal issues
of transcatheter aortic valve implantation (TAVI)],” Annales
de Cardiologie et d'Angéiologie, vol. 68, pp. 486–489, 2019.

[19] W. Vlastra, J. Vendrik, K. T. Koch, J. Baan, J. J. Piek, and
R. Delewi, “Cerebral protection devices during transcatheter
aortic valve implantation,” Trends in Cardiovascular Medicine,
vol. 28, no. 6, pp. 412–418, 2018.

[20] J. J. Lee, N. Goldschlager, and V. S. Mahadevan, “Atrioventric-
ular and intraventricular block after transcatheter aortic valve
implantation,” Journal of Interventional Cardiac Electrophysi-
ology, vol. 52, no. 3, pp. 315–322, 2018.

[21] T. Kan, L. Gu, H. Lu et al., “Improved Transcatheter aortic
valve implantation for aortic regurgitation using a new-type
stent: the first preclinical experience,” Journal of Cardiotho-
racic Surgery, vol. 15, no. 1, p. 276, 2020.

[22] M. Hasni, Z. Farahat, A. Abdeljelil et al., “An efficient
approach based on 3D reconstruction of CT scan to improve

8 Computational and Mathematical Methods in Medicine



the management and monitoring of COVID-19 patients,”
Heliyon, vol. 6, no. 11, article e05453, 2020.

[23] Z. Fang, R. Wang, M. Wang, S. Zhong, L. Ding, and S. Chen,
“Effect of reconstruction algorithm on the identification of
3D printing polymers based on hyperspectral CT technology
combined with artificial neural network,” Materials (Basel),
vol. 13, no. 8, p. 1963, 2020.

[24] X. Gong, Z. Y. Pan, J. Chen, S. Yang, T. Jiang, and Y. M. Shen,
“Application of 3D reconstruction through CT to measure the
abdominal cavity volume in the treatment of external abdom-
inal hernia,” Hernia, vol. 25, no. 4, pp. 971–976, 2021.

[25] Z. Kong, T. Li, J. Luo, and S. Xu, “Automatic tissue image seg-
mentation based on image processing and deep learning,” J
Healthc Eng., vol. 2019, article 2912458, 10 pages, 2019.

[26] Q. Cheng, P. Sun, C. Yang, Y. Yang, and P. X. Liu, “A
morphing-based 3D point cloud reconstruction framework
for medical image processing,” Computer Methods and Pro-
grams in Biomedicine, vol. 193, article 105495, 2020.

[27] L. Shen, W. Zhao, and L. Xing, “Patient-specific reconstruction
of volumetric computed tomography images from a single
projection view via deep learning,” Nature Biomedical Engi-
neering, vol. 3, no. 11, pp. 880–888, 2019.

[28] S. Sehatzadeh, B. Doble, F. Xie et al., “Transcatheter aortic
valve implantation (TAVI) for treatment of aortic valve steno-
sis: an evidence-based analysis (part B),” Ontario Health Tech-
nology Assessment Series, vol. 12, no. 14, pp. 1–62, 2012.

[29] F. Li, X. Wang, Y. Wang et al., “Structural valve deterioration
after transcatheter aortic valve implantation using J-valve: a
long-term follow-up,” Annals of Thoracic and Cardiovascular
Surgery, vol. 26, no. 3, pp. 158–165, 2020.

[30] C. Spaccarotella, A. Mongiardo, S. De Rosa, and C. Indolfi,
“Transcatheter aortic valve implantation in patients at inter-
mediate surgical risk,” International Journal of Cardiology,
vol. 243, no. 243, pp. 161–168, 2017.

[31] M. D. C. León Del Pino, M. Ruíz Ortiz, M. Delgado Ortega
et al., “Prosthesis-patient mismatch after transcatheter aortic
valve replacement: prevalence and medium term prognostic
impact,” The International Journal of Cardiovascular Imaging,
vol. 35, no. 5, pp. 827–836, 2019.

[32] N. Bonaros, M. Kofler, D. Frank et al., “Balloon-expandable
transaortic transcatheter aortic valve implantation with or
without predilation,” The Journal of Thoracic and Cardiovas-
cular Surgery, vol. 155, no. 3, pp. 915–923, 2018.

[33] M. K. Doris, W. Jenkins, P. Robson et al., “Computed tomog-
raphy aortic valve calcium scoring for the assessment of aortic
stenosis progression,” Heart, vol. 106, no. 24, pp. 1906–1913,
2020.

9Computational and Mathematical Methods in Medicine


	Artificial Intelligence-Based Spiral CT 3D Reconstruction in Transcatheter Aortic Valve Implantation
	1. Introduction
	2. Materials and Methods
	2.1. Research Objects
	2.2. Imaging Methods and Image Analysis
	2.3. DCNN CT 3D Reconstruction Model Establishment
	2.4. Observation Indexes
	2.5. Statistical Treatment

	3. Results
	3.1. Model Performance Evaluation
	3.2. Algorithm Reconstruction Result
	3.3. Measurement Result of the Aortic Valve Annulus Diameter (MSCT)
	3.4. TTE Measurement Results and TAVI Surgery Results

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions

