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Improving the diagnosis s

and treatment of congenital heart disease
through the combination of three-dimensional
echocardiography and image guided surgery

Yong Jiang""

Abstract

Objective The paper aimed to improve the accuracy limitations of traditional two-dimensional ultrasound and surgi-
cal procedures in the diagnosis and management of congenital heart disease (chd), and to improve the diagnostic
and therapeutic level of chd.

Method This article first collected patient data through real-time imaging and body surface probes, and then diag-
nosed 150 patients using three-dimensional echocardiography. In order to verify the effectiveness of the combina-
tion therapy, 60 confirmed patients were divided into a control group and an experimental group. The control group
received conventional two-dimensional ultrasound and surgical treatment, while the experimental group received
three-dimensional ultrasound and image guided surgical treatment.

Result In the second diagnosis, the diagnostic accuracy of type 1, type 2, and type 3 in the control group

was 84.21%, 84.02%, and 83.38%, respectively. The diagnostic accuracy rates of type 1, type 2, and type 3 in the experi-
mental group were 92.73%, 92.82%, and 92.83%, respectively. In the control group, 2 males and 1 female experienced
heart failure after surgery. However, in the experimental group, 0 males and 0 females experienced heart failure

after surgery.

Conclusion The combination of three-dimensional echocardiography and image guided surgery can improve
diagnostic accuracy and surgical treatment effectiveness, thereby reducing risks and complications, and improving
surgical success rate.

Keywords Congenital heart disease, Three-dimensional echocardiography, Image guided surgery, Real-time imaging,
Two-dimensional ultrasound

Introduction

The symptoms and manifestations of CHD can vary
greatly, depending on the specific location and degree
of cardiac structural abnormalities in different patients.
Common symptoms include shortness of breath, pur-
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diagnostic and treatment methods are required. How-
ever, traditional two-dimensional ultrasound has limited
image acquisition ability and unclear display of cardiac
reconstruction structure. The risk of cardiac catheteri-
zation surgery is high, resulting in certain postoperative
complications and seriously affecting the rehabilitation
effect and quality of life of patients. The combination of
three-dimensional echocardiography and image guided
surgery can more accurately diagnose CHD, and improve
the success rate and efficacy of surgery. It can guide doc-
tors in real-time during surgery, shorten surgical time,
and reduce surgical difficulty and the incidence of post-
operative complications. At the same time, three-dimen-
sional echocardiography and image guided surgery can
also provide doctors with more accurate surgical plans,
improving the success rate and safety of surgery [1].

With the development of social economy and the
continuous progress of medical technology, the level of
medical care and the quality of medical services are also
constantly improving. However, in clinical practice, CHD
remains a relatively difficult disease to treat. The purpose
of Desai Kinjal was to improve the efficiency of diagnos-
ing CHD for smooth treatment. In recent years, the newly
implemented pulse oximetry screening for severe CHD
improved the diagnostic rate of heart disease. However,
many sick infants often lost compensation before being
screened in neonatal nurseries, as delayed diagnosis leads
to worsening of the patient’s condition [2]. Arnaout Rima
found that CHD was a common congenital defect. Fetal
ultrasound screening provided cardiac images, and car-
diac measurements were related to reported normal and
abnormal cardiac measurements. The ensemble learn-
ing model could significantly improve the detection of
fetal coronary heart disease, which was a key and global
diagnostic problem [3]. Prenatal routine obstetric ultra-
sound examination for the diagnosis of complex CHD
could improve postpartum prognosis, but its sensitivity
was low. Letourneau Karen M. reported a project aimed
at improving prenatal detection of complex CHD by
implementing a specific routine prenatal screening pro-
gram, and found that implementing this program coould
significantly increase the detection rate of critical heart
abnormalities [4]. To achieve early diagnosis and precise
treatment of CHD, advanced medical technology and
equipment are needed to provide safer and more effective
diagnosis and treatment services for patients.

With the advancement of surgical and diagnostic tech-
niques, the incidence of CHD in adults continues to
increase. It is important for doctors to use non-invasive
imaging techniques to supplement examinations and
evaluate patients. Although some patients have regular
cardiac follow-up, some may be new patients and may
not even know their cardiac history. Mcleod George
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highlighted some advances in the diagnosis of CHD,
including three-dimensional echocardiography, which
was proved to be a useful tool, and its utility rapidly
expanded with the development of better and new tech-
nologies [5]. Di Salvo Giovanni found that progress was
made in the diagnosis and treatment of CHD, and the
survival rate of adult patients with CHD significantly
improved. However, patients with CHD were a hetero-
geneous population, and residual anatomical and hemo-
dynamic abnormalities were very common. With the
continuous aging of the population with CHD, efficient
cardiac imaging evaluation was needed [6]. Medvedofsky
Diego suggested that three-dimensional echocardiogra-
phy provided an opportunity to accurately quantify the
shape of the heart. He retrospectively studied hospital-
ized patients referred by transthoracic echocardiography.
These patients had high-quality three-dimensional echo-
cardiography images [7]. Chinh Nguyen Dinh proposed a
signal processing method that combines empirical mode
decomposition and continuous wavelet transform for
short-term estimation of heart rate and beat time from
radar signals. We evaluated the performance of the pro-
posed method using 85 dengue fever patients and 40
healthy subjects. Subsequently, the estimated non-con-
tact HR will be compared with the non-contact HR of
commercial contact medical devices. The results indicate
that heart rate can be estimated within 5 s with an accu-
racy of 96.2+2.5% [8]. Hui Tran Quang proposed a dis-
torted Born iterative method based on first-order Born
approximation, which was used for diffraction tomogra-
phy imaging to obtain many measurement values from
the number of transmitters and receivers. Given that bio-
medical images are usually sparse, compressed sensing
technology can effectively apply to ultrasound tomogra-
phy by reducing the number of transmitters and receivers
while maintaining high-quality image reconstruction [9].
CHD is a kind of congenital malformation with high inci-
dence, and its incidence rate is quite high. Therefore, it
has important clinical significance for the early diagnosis
and treatment of CHD.

CHD is a common cardiovascular disease in infants
and children, and traditional diagnosis and treatment
methods have certain limitations. This article aimed to
explore the combined use of three-dimensional echo-
cardiography and image guided surgery to improve the
diagnosis and treatment of CHD. The combination of
three-dimensional echocardiography and image guided
surgery has become an important method for the diagno-
sis and treatment of CHD. Image guided surgery has the
advantages of precision, non-invasive, and non-thoracot-
omy, which can improve the effectiveness of surgery and
improve the survival rate and quality of life of patients.
With the continuous development of medical technology,
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three-dimensional echocardiography and image guided
surgery have become important means for the diagnosis
and treatment of CHD. Strengthening the research and
application of three-dimensional echocardiography and
image guided surgery would help improve the diagnosis
and treatment level of CHD, thus bring better treatment
experience and effectiveness to patients.

Materials and methods

Three-dimensional echocardiography is a non-invasive
examination technique with advantages such as high res-
olution, high sensitivity, high specificity, and no radiation.
It can obtain fine images of the heart of CHD patients
without the use of radioactive substances [10, 11]. At the
same time, three-dimensional echocardiography can also
display real-time dynamic changes within the heart, pro-
viding accurate guidance for image guided surgery [12].

Application of three-dimensional echocardiography

in the diagnosis of CHD

Principles of three-dimensional echocardiography
technology

Three dimensional echocardiography refers to the col-
lection of a series of two-dimensional ultrasound images
inside the heart and reconstruction of them into three-
dimensional images through a computer. The imple-
mentation of this technology relies on the physical
characteristics of ultrasound, which is a high-frequency
sound wave with a frequency much higher than that
heard by the human ear. The principle of three-dimen-
sional echocardiography is shown in Fig. 1:

As shown in Fig. 1, the principle of ultrasound gen-
eration inside the heart is to use high-frequency sound
waves detected by ultrasound to reflect and absorb differ-
ent tissues within the heart.
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Three-dimensional echocardiography is a non-invasive
cardiac examination technique that obtains data through
real-time imaging, body surface probes, and other meth-
ods. It can use ultrasound imaging principles to obtain
three-dimensional images of the human heart using body
surface probes. Its principle is to combine multiple two-
dimensional images into one three-dimensional image, in
order to observe the structure and function of the heart
more clearly. Three-dimensional echocardiography can
help doctors diagnose more accurately and provide bet-
ter treatment plans. Compared with two-dimensional
ultrasound imaging, three-dimensional echocardiogra-
phy provides an additional one-dimensional space on
the basis of two-dimensional imaging. The reconstructed
image provides much more information and resolution
for fine structures than two-dimensional methods, mak-
ing it easier for ultrasound workers and clinical doctors to
understand and accept, improving the accuracy and reli-
ability of ultrasound diagnosis. Three dimensional echo-
cardiography has a dynamic display function, especially
in the field of cardiovascular disease. It is easy to clarify
the three-dimensional shape, lesion range, and the rela-
tionship between adjacent structures of cardiovascular
diseases under dynamic conditions, and has great appli-
cation value in the diagnosis and treatment of diseases.
Three dimensional echocardiography can directly display
the three-dimensional shape of the heart cavity without
making any geometric assumptions about the ventricular
cavity. It is also not affected by the irregular geometric
shape of the heart cavity during the lesion, so it is more
accurate than the two-dimensional ultrasound measure-
ment method. The three-dimensional capacity measure-
ment method is the three-dimensional volume method.
After the three-dimensional database is built, the display
mode of the image is determined, the reference section of

Fig. 1 Principle of three-dimensional echocardiography
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the image is adjusted, and then the selected area of inter-
est is extracted.

The walls of the coronary arteries in the human body
are divided into three layers: intima, media, and adventi-
tia. At birth, each person’s blood vessels are unobstructed
and smooth. With the growth of age, especially with
multiple risk factors such as hypertension, diabetes and
smoking, endothelial cells, the "barrier" of our vascular
wall, are damaged. The "bad" cholesterol (low-density
lipoprotein cholesterol, LDL-C) in the blood, after being
oxidized, penetrates through the damaged "barrier" into
the vascular intima and gradually deposits, forming "ath-
erosclerotic plaque". The accumulation of plaque causes
the narrowing of the lumen. Pathological studies show
that the process of atherosclerosis has begun in adoles-
cence. Therefore, this article selected 150 suspected and
confirmed CHD patients (3—-6 years old) from a certain
people’s hospital for data collection, and obtained patient
data through real-time imaging and body surface probes.
Finally, the diagnosis was made.

Real time imaging Real time imaging is the most
commonly used acquisition method for three-dimen-
sional echocardiography, which constructs three-
dimensional images by synthesizing multiple two-
dimensional images. The data reconstruction process
is as follows: first, the camera pose of each perspec-
tive is restored from photos from multiple perspec-
tives, and the sparse structure of the scene is estimated
to obtain the depth map of each perspective, thereby
obtaining a single perspective point cloud. Then point
clouds from various perspectives can be fused and sur-
face reconstruction can be performed. This process is
called data reconstruction, and the time resolution of
real-time imaging is relatively high. Multiple images
can be obtained in a short time and synthesized into a
three-dimensional image. The reconstruction formula
is as follows:

V=24 @)
Multiple ultrasound probes A; are used in real-time
imaging, which can rotate or move in different direc-
tions to observe the heart from multiple angles. This
method can provide more data for doctors to ana-
lyze the structure and function of the heart more
comprehensively.

The imaging formula for three-dimensional echocardiog-
raphy is as follows:

102) = [(410,2)6(s—xy—y - d/as  (2)
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Among them, (x/, y/,z/) is the ultrasound signal emitted
by the probe, and G(x — x/,y - y/,z — z/) is the reflec-

tion signal of the ultrasound after passing through the
heart tissue.

Based on the heart movement speed and time of 150
patients, the position of the heart at a certain time point
is calculated. By collecting multiple two-dimensional
images at different time points and calculating the posi-
tion of the heart, a three-dimensional image of the heart
can be constructed. The position calculation is as follows:

A=ht (3)

Among them, A represents the position of the heart; &
represents the movement speed of the heart; t represents
time.

Through real-time imaging, doctors can observe the
heart in real-time and analyze and diagnose it. Real time
imaging can obtain images of abnormal parts in a short
period of time, as shown in Fig. 2:

As shown in Fig. 2: Before imaging, it is not possible to
see the specific areas with heart problems. After imaging,
the problematic areas are circled in red.

Real time imaging also has high spatial resolution, which
can display the subtle structure of the heart, effectively
assisting doctors in diagnosis and treatment. Real time
imaging has important value in clinical applications.
Compared with traditional two-dimensional ultrasound,
real-time imaging can provide more comprehensive and
accurate cardiac information for CHD patients, providing
better diagnostic basis for doctors. With the continuous
development and innovation of technology, the applica-
tion prospects of real-time imaging would be more broad
[13, 14].

Body surface probe Body surface probes are another
commonly used method for three-dimensional echocar-
diography, in which ultrasound can be transmitted to the
heart through the body surface to obtain three-dimen-
sional images. Compared with real-time imaging, body
surface probes are suitable for examining different parts
of the heart. In addition, body surface probes can simul-
taneously obtain images from multiple sections, which
helps doctors diagnose and evaluate lesions more accu-
rately [15].

Placement of probe: the probe is placed on the chest of
150 patients, and the position and angle of the probe
need to be adjusted according to the patient’s condition.
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Before imaging

Fig. 2 Schematic diagram of real-time imaging

Starting scanning: the probe contacts the heart through
the skin, emits ultrasound, and receives echo signals.
The propagation distance of ultrasonic signals d,:

Sy X t;

dy = — (4)

Among them, sound speed s, is a known constant, and
t; is the return time of ultrasound. After being emitted
from the probe, ultrasound propagates through the heart
tissue and is reflected by the tissue before being received
by the probe. The return time is proportional to the dis-
tance traveled by ultrasound in the tissue.

The scanned data is collected and processed, and high-
frequency sound waves are emitted into the patient’s
chest through the probe, which are reflected back
through the tissue. The ultrasound machine receives
these echo signals and converts them into digital signals,
forming a series of data.

The calculation formula for cardiac function indicators in
three-dimensional echocardiography is as follows:

Wq =Eq — Es (5)
Among them, W, represents the stroke output; E, repre-

sents end-diastolic volume; E; represents the end systolic
volume.

The formula for calculating cardiac contractility in three-
dimensional echocardiography is as follows:
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After imaging

B =t (6)
=5 6
Eq

Ey represents the contractile force of the heart. Three-
dimensional echocardiography is a non-invasive, safe,
convenient, and accurate cardiac examination method
that can obtain high-quality three-dimensional images of
the heart in a short period of time and evaluate the struc-
ture and function of the heart.

In a quiet state, normal individuals have a stroke output
range of 60-80 ml (ml), a normal left ventricular end
diastolic volume of 75-160 ml, and a systolic end systolic
volume of approximately 75 ml. However, patients with
CHD cannot reach normal values. In order to reduce the
differences in the collection process, two repeated col-
lection processes were conducted, and each collection
was based on the average value of the patient. The data
obtained from the two collections are shown in Table 1:

As shown in Table 1: In the first collection, the average
stroke output of 150 undiagnosed patients was 55.31 ml.
The average end diastolic volume was 60.42 ml, and the
average end systolic volume was 61.25 ml.

Table 1 Situation of 150 undiagnosed patients

Index 1 2

Stroke volume(ml) 55.31 55.28
End-diastolic volume(ml) 6042 59.93
End-systolic volume(ml) 61.25 61.17
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Image reconstruction The collected data is processed
and calculated using mathematical models, such as tem-
poral image reconstruction methods. The discrete Fou-
rier transform describes the conversion process from
spatial domain to frequency domain. By performing
the discrete Fourier transform on the pixel values of the
original image, spectral information in the spatial domain
can be obtained.

The discrete Fourier transform formula is as follows:

by,
Fov,w) =) f(@bz)* (7)

Among them, f(a, b, z;) represents the pixel value of the
original image.

Image reconstruction can generate a three-dimensional
image of the heart from the collected data. The discrete
Fourier transform is based on imaging principles and
achieves the conversion from two-dimensional data to
three-dimensional images by transforming and process-
ing the original image pixels [16]. The generated three-
dimensional images can be displayed and analyzed
through computer software, and doctors can observe
the three-dimensional structure of the heart, blood flow
dynamics, and other information on the screen for diag-
nosis and evaluation.

After image reconstruction, patients who have been diag-
nosed and those who have not yet been diagnosed (not
CHD) would be distinguished, as shown in Table 2:

As shown in Table 2, the number of confirmed cases was
102, accounting for 68%, while the number of undiag-
nosed cases was 48, accounting for 32%; there were 56
confirmed cases of male gender and 46 confirmed cases
of female gender.

Application of three-dimensional echocardiography

in the diagnosis of CHD

For complex CHD, traditional two-dimensional echo-
cardiography often cannot comprehensively evaluate the

Table 2 Patient situation after diagnosis
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complex structure of the heart, while three-dimensional
echocardiography can provide more accurate anatomical
and functional information of the heart, helping doctors
better understand and diagnose these complex lesions
(17, 18].

Application in valve defects Three-dimensional echo-
cardiography can provide detailed anatomical struc-
ture and functional information of the valve. For the
diagnosis of valve defects, it can accurately evaluate
the opening and closing status, degree of reflux, and
other pathological features of the valve, helping doctors
determine whether surgical repair or replacement is
necessary [19]. By observing three-dimensional images,
doctors can accurately evaluate important parameters
such as valve shape, size, and position, which is crucial
for determining the type and severity of valve defects.
For mitral regurgitation, the severity of regurgitation
can be observed during mitral valve closure. Based
on the information provided by three-dimensional
echocardiography, doctors can accurately evaluate the
pathological characteristics and functional status of the
valve, helping to determine whether surgical repair or
replacement is necessary.

Compared with traditional two-dimensional ultra-
sound, real-time three-dimensional echocardiography
can intuitively display the three-dimensional morphol-
ogy of the mitral and tricuspid valves, and can display
the cross-sectional orientation of the heart structure
in the form of a bird’s-eye view. It can directly observe
the complete morphology and real-time activity of the
mitral and tricuspid valve leaflets. Real time three-
dimensional echocardiography is clearer in distin-
guishing the number and morphology of valve leaflets
[20]. Real time three-dimensional echocardiography
can clearly display the morphology and subvalvular
devices of each valve, and clarify the boundaries and
accurate valve area of the valve. In the diagnosis and
treatment of some CHD such as congenital valve mal-
formations, real-time three-dimensional echocardi-
ography can accurately present the shape, location,

Basic information Index Number of people Proportion (%)
Diagnosis status make a definite diagnosis 102 68
Undiagnosed 48 32
Gender (make a definite diagnosis) Male 56 55
Female 46 45
Age(make a definite diagnosis) 3-4 years old 51 50
5-6 years old 51 50
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severity, and cumulative range of the lesion, providing
more favorable basis for clinical diagnosis and treat-
ment [21].

Application in atrial septal defect Three dimensional
echocardiography plays an important role in the diagno-
sis and evaluation of congenital heart ward septal defects.
Atrial septal defect is a simple CHD. It refers to a defect
in the interventricular septum (the wall separating the left
and right ventricles) of the heart, resulting in channels
or gaps between the left and right sides of the heart. This
situation may lead to a mixture of oxygen enriched and
oxygen anemia blood, as oxygen enriched blood usually
comes from the left ventricle, while oxygen anemia blood
comes from the right ventricle. And the current treatment
methods are relatively mature. Generally, interventional
closure or repair surgery can be used to cure it. Con-
ventional two-dimensional ultrasound basically meets
the diagnostic criteria for the morphology and structure
of atrial septal defects, and two-dimensional ultrasound
cannot directly display the defect status. Therefore, real-
time three-dimensional echocardiography can be used to
directly observe the overall shape of atrial septal defects
and the relationship between surrounding tissue struc-
tures through the left and right atria.

Three-dimensional echocardiography can evaluate the
size, location, and morphology of atrioventricular septal
defects. By observing the heart, the type of defect can be
determined, helping doctors develop appropriate treatment
plans, including surgical repair or transcatheter closure.

The comparison between two-dimensional ultrasound
and three-dimensional echocardiography is shown in
Fig. 3:

As shown in Fig. 3, the two-dimensional ultrasound
image (a in Fig. 3) is not very clear and only the red arrow
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indicates the approximate location. However, through the
three-dimensional echocardiography (b in Fig. 3), doc-
tors can obtain a true and clear heart image for accurate
positioning.

Three-dimensional echocardiography helps to deter-
mine the specific location of the defect, including
whether it is located in the central or marginal area
of the ventricular septum, as well as measuring the
diameter and area of the defect. Three-dimensional
echocardiography can observe the flow of blood in the
heart, and doctors can evaluate the degree and direc-
tion of blood reflux from the left ventricle to the right
ventricle by observing the degree and direction of
reflux. This helps to assess the severity and scope of
the condition.

Three-dimensional echocardiography has many advan-
tages in the diagnosis of CHD, providing comprehen-
sive and accurate information on cardiac structure
and function. In the diagnosis of diseases such as valve
defects and atrial septal defects, three-dimensional
echocardiography can help doctors better understand
the type and degree of lesions, formulate appropriate
treatment plans, and play an important role in surgi-
cal navigation. With the continuous innovation and
development of technology, the application prospects
of three-dimensional echocardiography in the field of
CHD would be even broader.

Application of image guided surgery in the treatment

of CHD

Image guided surgery is a precise, non-invasive, non-
thoracotomy surgical technique that provides precise
guidance information for surgery by accurately locating
the surgical site using three-dimensional echocardiog-
raphy. At the same time, image guided surgery can also
improve the success rate of surgery, and improve the

Fig. 3 Comparison between two-dimensional ultrasound and three-dimensional echocardiography



Jiang BMC Medical Imaging (2024) 24:61

survival rate and quality of life of patients. Image guided
surgery helps doctors accurately locate and locate ana-
tomical structures during the surgical process by aligning
and registering pre acquired medical images with actual
surgical scenes, thereby improving the accuracy and
safety of the surgery.

Principles of image guided surgery

Image navigation in image guided surgery Before sur-
gery, patients need to undergo relevant medical imaging
examinations to obtain high-resolution images of specific
areas of the patient, which can present detailed informa-
tion such as tissue structure, lesion location, and vascular
distribution. During surgery, doctors use special devices
such as navigation systems to combine the aligned
images with the actual surgical scene. These devices can
monitor the position of surgical instruments and patients
in real-time through trackers and sensors, and display the
overlap between medical images and the actual surgical
scene on the display screen. Image navigation is a key
step in image guided surgery, which aligns and registers
pre acquired medical images with actual surgical scenes,
and provides real-time visual navigation and guidance.
Image guided surgery can reduce the risk of tissue dam-
age and postoperative complications, and is favored due
to its smaller trauma and less interference with surround-
ing tissues. The personalized treatment characteristics of
this technology enable doctors to perform customized
surgeries based on the specific anatomical structure and
condition of patients, improving the accuracy and effec-
tiveness of the surgery. Faster postoperative recovery is
also one of its advantages, as patients can usually return
to normal life in a shorter period of time. 3D ultrasound
and imaging technology can provide more vivid and
accurate 3D physiological and pathological images of the
human body, making it easier for doctors to determine
the complex structures and anatomical relationships
such as the level, shape, and blood vessels of lesions. At
the same time, virtual surgery can provide immersive
surgical scenario simulation for medical training and
surgical rehearsals, helping doctors efficiently master
surgical techniques, improve preoperative diagnostic
efficiency, and further reduce surgical risks. Therefore,
image-guided surgery is of great significance in modern
medicine. It not only provides patients with safer and
more accurate treatment choices, but also provides doc-
tors with more convenience and accuracy in operation,
expanding its application scope to multiple medical fields
and becoming an indispensable part of the medical field.
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Medical image data is preprocessed and segmented to
obtain key anatomical structure and lesion area informa-
tion. This information is fused with the real-time position
of the surgical instruments and patients, allowing doc-
tors to accurately understand the position, orientation,
and distance of the surgical scene and related anatomical
structures through the superimposed images on the dis-
play screen.

Image navigation utilizes computer science and medical
imaging technology to align and register pre acquired
medical images with the actual anatomical structure
of the patient. This is usually achieved through image
registration. Image registration plays a crucial role in
image navigation. It is the process of aligning and match-
ing medical images from different times, modalities,
or sources to ensure that they accurately correspond
to the actual anatomical structure of the patient in the
same coordinate system. Image registration ensures that
images from different times or sources are aligned in
the same spatial coordinate system, enabling doctors to
accurately locate and navigate surgical tools or treatment
equipment. This is crucial for the accuracy and success
of surgical procedures. The registered images can be used
for intraoperative or postoperative monitoring and evalu-
ation. Doctors can compare preoperative and postopera-
tive images, observe treatment outcomes, evaluate surgi-
cal success, and assess patient recovery.

Rigid body transformation describes the process of map-
ping the pixel coordinates of the original image to physi-
cal coordinates. Rigid body transformation is a rigid
transformation that maintains the shape and size of the
object, only performing translation, rotation, and scal-
ing. In image navigation, rigid body transformation is
commonly used to align pre acquired cardiac medical
images with the patient’s actual cardiac structure. The
mathematical expression of rigid body transformation is
as follows:

K (i,j) = R* P(i,j) + To 8)

Among them, (i, j) represents the pixel coordinates in
the original cardiac medical image; P(i, j) represents the
coordinates in the corresponding physical space; R rep-
resents the rotation matrix; Ty represents the translation
vector.

In image navigation, affine transformation is commonly
used to accurately align and register cardiac medical
images with actual cardiac structures. The mathematical
expression of affine transformation U (i, j) is as follows:
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u(ij) =A=P(ij)" + To )

In medical image processing, affine transformation is
used to align and register different medical images,
ensuring that they accurately match the actual ana-
tomical structure in the same coordinate system. Aff-
ine transformation can take into account changes in
the translation, rotation, and scaling of the heart in
different images. By performing affine transformations
on different images of the heart, these images can be
accurately aligned to ensure perfect overlap in the
same coordinate system, providing accurate anatomi-
cal information for surgical planning and navigation.
The goal of image registration is to find the optimal
transformation parameters (such as rotation angle,
translation distance, etc.), so that the pre acquired
cardiac medical image can be aligned with the actual
anatomical structure of the patient. Image registra-
tion in image navigation is a core technology that
describes the process of aligning pre acquired cardiac
medical images with the actual anatomical structure of
patients. Image registration can help doctors diagnose
heart disease more accurately, plan and operate sur-
geries, and improve treatment effectiveness and surgi-
cal safety.

Real time imaging in image guided surgery Image
guided surgery can provide real-time imaging capabili-
ties. By using real-time imaging devices such as X-ray
imaging, ultrasound, optical coherence tomography,
etc., doctors can obtain real-time anatomical structure
information during the surgical process. These real-time
imaging technologies can help doctors observe changes
in the surgical area in real time and perform accurate
operations.

X-ray imaging can display the bone structure and certain
soft tissue features in a patient’s body. During surgery,
doctors can use X-ray machines to transmit real-time
X-ray images to a display screen to observe the position
and changes during the surgery process. Ultrasound
imaging utilizes high-frequency sound waves to image
human tissues, which has the advantages of non-invasive
and strong real-time performance. During the surgical
process, doctors can use ultrasound probes to transmit
real-time ultrasound images to the display screen, help-
ing doctors observe the anatomical structure and blood
flow status of the surgical area.

Application of image guided surgery in the treatment of CHD
Image guided surgery is an important technology in the
medical field. It can provide doctors with images of the
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lesion area for surgical planning before surgery, and can
locate the spatial position information of surgical instru-
ments in real-time during surgery. It presents doctors
with three-dimensional spatial structure information of
surgical instruments in the lesion area, enabling them to
accurately and effectively perform surgical operations.
Image guided surgery is divided into two main catego-
ries based on the time taken to obtain images. One is the
guidance of preoperative image fusion, and the other is
the real-time guidance of intraoperative image fusion.

Image navigation In traditional surgery, traditional
Chinese medicine doctors operate with the naked eye or
limited intuition, but the complexity of the heart struc-
ture makes it difficult to intuitively determine the posi-
tion and direction during the surgery process. Through
image guided surgery, doctors can obtain high-resolution
image guidance in real-time, such as stereoscopic images,
navigation maps, etc., to help doctors accurately locate
and operate. This real-time image guidance can greatly
reduce surgical risks and improve the accuracy and suc-
cess rate of surgery.

The image navigation system can align and register the
pre acquired cardiac images with the actual surgical
scene in real-time, allowing doctors to accurately under-
stand the position, orientation, and distance of the surgi-
cal scene and related anatomical structures through the
superimposed images on the display screen. For complex
CHD surgeries, doctors can use image navigation sys-
tems to guide the navigation and positioning of surgical
instruments, ensuring the accuracy and safety of surgi-
cal operations. Doctors can accurately understand the
patient’s heart structure, lesion location, blood vessel
routing, and other information through image navigation
systems, thus making preoperative planning. This helps
doctors determine the optimal surgical path and strategy,
assess surgical risks in advance, and prepare for surgery.
Before surgery, the system will register and align medical
images from different times or sources to ensure accurate
matching in the same coordinate system. These regis-
tered images provide detailed information on the surgi-
cal path and target structure. During surgery, the system
can track surgical tools, patient body parts, and prede-
termined surgical paths in real-time. By combining real-
time image data and pre planned paths, the system can
provide real-time navigation information to help doctors
accurately locate and operate.

Operating instructions The image navigation system
can provide real-time visual navigation and guidance,
helping doctors perform surgeries according to prede-
termined paths and targets. This helps doctors follow the
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predetermined surgical plan, reduce operational risks,
and improve the accuracy and success rate of the surgery.

During the surgery process, doctors use an image navi-
gation system for real-time navigation and positioning.
The system would register real-time X-ray, ultrasound,
or other imaging technology images with pre-operative
planned models and display them on the operating room
display screen. Through real-time navigation and posi-
tioning, doctors can avoid cutting or damaging normal
tissues, and perform surgical operations more accurately.
The image navigation system can provide visual naviga-
tion of surgical instruments, helping doctors accurately
guide surgical instruments. On the screen, doctors can
see the position, direction, and motion trajectory of sur-
gical instruments. This enables doctors to better control
surgical instruments, accurately enter the lesion area, and
complete corresponding repairs or treatments.

Results

Selection criteria

The optimal age for coronary heart disease surgery is
between 3 and 6 years old, with 60 out of 102 confirmed
coronary heart disease patients selected.

Inclusion criteria: (1) Meets the clinical diagnostic cri-
teria for coronary heart disease; (2) No other organ sys-
tem dysfunction

Exclusion criteria: (1) Patients who also suffer from
other heart diseases; (2) Patients with pulmonary hyper-
tension or heart failure; (3) Patients who are unable to
receive specific treatment or follow-up.

The final included patients all signed informed consent
forms. Randomly divide patients who meet the inclu-
sion criteria into two groups: the control group and the
experimental group. There are 30 patients in each group.
The 60 coronary heart disease patients selected in the
study can represent the entire patient population in the
field of congenital heart disease diagnosis and treatment.
The research results have external validity and can be
extended to a wider range of scenarios.

Control group: Conventional two-dimensional ultra-
sound and surgery are used for diagnosis and treat-
ment. Before conducting echocardiography on patients,
it is necessary to inform them of the examination items
and procedures. The patient takes off their upper body
clothes and accessories and lies on the examination bed,
maintaining a quiet state.

Experimental group: Three-dimensional echocardiog-
raphy and image guided surgery were used for diagno-
sis and treatment. When performing echocardiography,
doctors need to use appropriate gel to fit the Doppler
probe with the patient’s chest for detection.
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All patients underwent selective left and right coro-
nary angiography via the grid artery or femoral artery,
and underwent multi body projection coronary angiog-
raphy according to Judkin’s method. The diagnosis was
independently made by two interventional cardiologists.
If there are different results, the analysis can be inde-
pendently conducted by the third senior physician, and
the interventional cardiologist will use the self method
for other patient data. The evaluation of coronary artery
disease adopts an improved Gensimni scoring system:
among the 8 main segments of the coronary artery, the
most severe stenosis in each segment can be included
in the scoring system, and the degree of coronary artery
stenosis in each segment can be measured. The standard
for stent implantation is that any stenosis in the left main
coronary artery is>50% or in other coronary arteries
is>70%. This article divides the main blood vessels of the
heart into: left main trunk, anterior descending branch,
circumflex branch, and right coronary artery. According
to the number of coronary artery lesions, they are divided
into single vessel lesions, double vessel lesions, and multi
vessel lesions. This article uses SPSS version 21.0 statis-
tical software for data processing. All statistical data are
subjected to normality tests and homogeneity of variance
tests. Quantitative data is represented as mean * standard
deviation (xs), paired tests are used for comparison, fre-
quency and percentage (%) are used for count data, and
chi square tests are used for comparison.

CHD is generally divided into ventricular septal defect
(Type 1), patent ductus arteriosus (Type 2), and atrial
septal defect (Type 3). The basic information of the two
groups of patients is shown in Table 3:

As shown in Table 3, there were 19 males and 11
females in the control group, and 18 males and 12
females in the experimental group. There were 8, 9, and
13 patients of Type 1, Type 2, and Type 3 in the control
group, and 10, 9, and 11 patients of Type 1, Type 2, and
Type 3 in the experimental group, respectively. The dif-
ference between the two groups of patients was not sig-
nificant and was comparable.

Table 3 Basic information of two groups of patients

Basic information  Index Control group  Experimental
group
Gender Male 19 18
Female 11 12
Age 3-4vyearsold 14 15
5-6 years old 16 15
Disease type Type 1 8 10
Type 2 9 9
Type 3 13 1
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Comparison of diagnostic effects

The control group used traditional two-dimensional
ultrasound for diagnosis of coronary heart disease. Tra-
ditional two-dimensional ultrasound has certain appli-
cations in the diagnosis of CHD. However, due to the
fact that two-dimensional ultrasound is based on planar
imaging technology, it is difficult to provide comprehen-
sive and clear images of complex heart structures, which
limits its accuracy and precision in clinical practice.

The experimental group used a combination of three-
dimensional echocardiography and image-guided surgery
for diagnosis. Three-dimensional echocardiography can
use rotational scanning technology to obtain a true three-
dimensional image of the heart. The combination of
three-dimensional echocardiography and image guided
surgery can provide more comprehensive and accurate
diagnostic information, comprehensively observe and
evaluate the structure, morphology, and functional sta-
tus of the heart, and improve the diagnostic accuracy of
CHD. Clear real-time 3D images help the cardiac team
obtain the necessary information to determine whether
a patient meets the criteria for transcatheter aortic valve
repair surgery, and aid in planning and providing stun-
ning views during surgery.

Diagnosis of ventricular septal defect (Type 1), patent
ductus arteriosus (Type 2), and atrial septal defect (Type
3) was performed on patients in the control and experi-
mental groups. In order to reduce experimental error,
two repeated diagnoses were performed, and the accu-
racy comparison is shown in Fig. 4 (the abscissa of Fig. 4
represents the control and experimental groups, and the
ordinate represents the accuracy):

As shown in Fig. 4: In the first diagnosis in Fig. 4(a), the
diagnostic accuracy rates for Type 1, Type 2, and Type 3
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in the control group were 83.09%, 81.58%, and 82.70%,
respectively; the diagnostic accuracy rates for Type
1, Type 2, and Type 3 in the experimental group were
93.40%, 92.45%, and 93.33%, respectively.

In the case of the second diagnosis in Fig. 4(b), the
diagnostic accuracy rates for Type 1, Type 2, and Type
3 in the control group were 84.21%, 84.02%, and 83.38%,
respectively; the diagnostic accuracy rates for Type
1, Type 2, and Type 3 in the experimental group were
92.73%, 92.82%, and 92.83%, respectively. From the two
diagnostic results in Fig. 4, it can be seen that the diag-
nostic accuracy of the control group for different types
of coronary heart disease is below 90%, while the diag-
nostic accuracy of the experimental group based on the
combination of three-dimensional echocardiography and
image-guided surgery is above 90%. This indicates that
combining three-dimensional echocardiography with
image-guided surgery can provide a more accurate and
objective diagnosis of coronary heart disease.

Comparison of treatment effects

Comparison of surgical risks

Image guided surgery can enable doctors to clearly see
important tissues and structures around them during
surgery through imaging technology, thus avoiding dam-
age to important tissues and organs around them and
reducing the risk of surgery.

The incidence of intraoperative risks in the control
group and experimental group is shown in Table 4:

As shown in Table 4, there were 5 patients with arrhyth-
mia in the control group and 1 patient in the experimen-
tal group, respectively; there were 3 and O patients with
cardiac arrest, respectively; there were 2 and 0 patients
with anesthesia accidents, respectively; there were 4 and
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Fig.4 Accuracy of two different types of diagnosis in two diagnoses. a Accuracy of the first diagnosis for two different types of diagnoses. b The

accuracy of the second diagnosis for two different types of diagnoses
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Table 4 Intraoperative risks (multiple choices)

Risk Control group Experimental
group

Arrhythmia 5 1

cardiac arrest 3 0

Anesthesia accident 2 0

Complications of extracorporeal 4 1

circulation

1 patients with complications of extracorporeal circula-
tion, respectively. From Table 4, it can be seen that the
control group treated with conventional surgery had
a higher risk of arrhythmia, cardiac arrest, anesthesia
accidents, and extracorporeal circulation complications,
while the experimental group had a relatively lower risk
incidence rate.

Three-dimensional echocardiography can provide real-
time and dynamic cardiac image information, and image
guided surgery can provide more accurate surgical posi-
tioning and operational information, thus enabling doc-
tors to more accurately remove lesions during surgery,
thereby avoiding accidental injury to surrounding tissues
and organs and reducing surgical risks.

Comparison of surgical time

Image guided surgery can provide high-quality anatomi-
cal structure information. By using advanced medical
imaging techniques such as three-dimensional echocar-
diography, doctors can obtain detailed and accurate car-
diac structure information, including ventricular size and
valve abnormalities, before surgery. This information can
be imported into an image guided surgical navigation
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system to help doctors accurately locate and evaluate
the location, size, and shape of lesions. By understand-
ing the specific situation of the lesion in advance, doctors
can carry out more precise surgical planning and design,
thereby shortening the time during surgery.

The surgery for CHD takes approximately 2 to 6 h. The
condition of this disease is relatively complex and severe,
and the surgical procedure is relatively difficult, so the
entire surgical time is relatively long. The surgical time
of patients of different genders was recorded, and the
average surgical time of two groups of different types is
shown in Fig. 5 (the horizontal axis of Fig. 5 represents
Type 1, Type 2, and Type 3, and the vertical axis repre-
sents time):

As shown in Fig. 5: In Fig. 5(a), the average surgical
time for different gender Types 1, 2, and 3 in the control
group was 4.81 h, 4.77 h, and 4.74 h.

Figure 5(b) shows that the average surgical time for
different gender Types 1, 2, and 3 in the experimental
group was 3.40 h, 3.47 h, and 3.63 h. From the compari-
son results of surgical time in Fig. 5, it can be seen that
the experimental group had a lower average surgical time
for other types of coronary heart disease, with an aver-
age surgical time of less than 4 h, while the control group
spent more time using conventional surgery, with an
average surgical time of over 4 h.

Image guided surgery can provide real-time visual
guidance. During the surgical process, traditional Chi-
nese medicine doctors can obtain high-resolution image
guidance in real time through image guidance. Real time
image guidance can help doctors accurately locate and
operate, avoid risks such as accidental cuts and inju-
ries, and reduce surgical time. Doctors can perform
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Fig. 5 Average surgical time for two different types of patients; a Average surgical time of different types in the control group; b Average surgical

time of different types in the experimental group
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precise manipulation based on real-time image guidance
to improve surgical efficiency and success rate. Image
guided surgery can provide a visual surgical plan. By
combining image data such as three-dimensional echo-
cardiography with surgical planning software, doctors
can conduct simulation operations and training in a vir-
tual surgical environment. Doctors can plan and optimize
surgical procedures in advance, select the best surgical
instruments and implants, and determine the surgical
path and sequence of operations. This visual surgical plan
can help doctors accurately grasp the key points of sur-
gery, thereby shortening time and reducing unnecessary
operations during surgery.

Comparison of incidence of complications

Image guided surgery can provide personalized treatment
plans, and each patient’s CHD situation varies, requiring
customized treatment plans. Through advanced imaging
technology and three-dimensional reconstruction, per-
sonalized heart models can be generated for patients, and
surgical planning and design can be carried out based on
specific lesion characteristics. Doctors can pre simulate
surgical operations in a virtual surgical environment and
conduct simulation training to prevent and solve poten-
tial problems in advance. This personalized treatment
plan can improve surgical effectiveness, reduce surgi-
cal time and incidence of complications. The combina-
tion of three-dimensional echocardiography and image
guided surgery can achieve precise treatment for cardiac
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structural and functional abnormalities, maximize the
protection of normal tissues, shorten surgery and recov-
ery time, and improve treatment effectiveness.

Postoperative complications include heart failure,
infection, cardiac dysfunction, and thrombosis. The inci-
dence of postoperative complications in both groups of
patients is shown in Fig. 6 (the x-axis of Fig. 6 represents
the complications, and the y-axis represents the number
of people):

As shown in Fig. 6: In Fig. 6 (a), there were 2 males and
1 female in the control group who experienced postop-
erative heart failure, respectively. There were 4 males and
5 females infected, respectively. There were 1 male and 0
female cases of thrombosis, respectively.

Figure 6 (b) showed that there were 0 males and 0
females in the experimental group who developed heart
failure after surgery. The number of infected males and
females was 1 and 2, respectively. There were 0 males and
0 females who developed blood clots, respectively. From
the postoperative complications results in Fig. 6, it can be
seen that the control group based on conventional surgi-
cal treatment had a higher number of patients with post-
operative complications, while the experimental group
based on a combination of three-dimensional echocardi-
ography and image-guided surgery had a lower number
of patients with postoperative complications.

This article used a combination of image guided sur-
gery and three-dimensional echocardiography to diag-
nose and treat CHD, and evaluated the treatment effect.
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Fig. 6 Postoperative complications in two groups of patients; a Postoperative complications in control group patients; b Postoperative

complications in experimental group patients
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The experimental results showed that the combined
use of three-dimensional echocardiography and image
guided surgery significantly outperformed traditional
treatment methods.

Comparison of physical conditions

The stroke output, end-diastolic volume, and end-systolic
volume were recorded in both groups before and after
surgery. The range of stroke output per normal person
was 60—80 ml. The normal value of left ventricular end
diastolic volume was 75-160 ml, and the end systolic
volume was about 75 ml. The stroke output, end dias-
tolic volume, and end systolic volume of the two groups
before and after surgery are shown in Fig. 7 (the abscissa
of Fig. 7 represents values, and the ordinate represents
different indicators):

As shown in Fig. 7: in Fig. 7 (a), the stroke output, end
diastolic volume, and end systolic volume of the con-
trol group before surgery were 43.25 ml, 51.31 ml, and
52.76 ml, respectively; the stroke output, end diastolic
volume, and end systolic volume of the experimental
group were 43.63 ml, 51.29 ml, and 53.01 ml, respec-
tively; the average stroke output of the two groups was
43.44 ml

Figure 7 (b) showed that the stroke output, end dias-
tolic volume, and end systolic volume of the control
group after surgery were 53.87 ml, 60.33 ml, and 64.59 ml,
respectively; the stroke output, end diastolic volume,
and end systolic volume of the experimental group were
69.72 ml, 73.93 ml, and 73.17 ml, respectively; the aver-
age stroke output of the two groups was 61.80 ml.

Discussion

The combination of image guided surgery and three-
dimensional echocardiography could bring greater
advantages in the diagnosis and treatment of CHD. Spe-
cifically manifested in the following aspects:
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The data in Fig. 4 indicated that the diagnostic accuracy
of the experimental group was relatively high, indicat-
ing that three-dimensional echocardiography had bet-
ter accuracy in the diagnosis of CHD, which helped to
improve the diagnostic accuracy and treatment effective-
ness of patients.

Due to the complex and diverse cardiac structure of
CHD, two-dimensional ultrasound may be limited by the
limitations of the image in the diagnosis process, making
it difficult to accurately determine the location, degree,
and shape of the lesion. Three-dimensional echocardiog-
raphy can provide more angle and perspective informa-
tion, helping doctors comprehensively understand the
condition of the lesion, especially for complex lesions
such as valve defects and ventricular septal defects.
Three dimensional echocardiography can provide more
accurate diagnosis and evaluation. Three-dimensional
echocardiography can also provide more accurate meas-
urement of heart size. Traditional two-dimensional ultra-
sound can only measure the size of the heart cavity and
valve through two-dimensional sections, which may
have geometric assumptions and measurement errors.
Three-dimensional echocardiography can provide more
accurate measurements of heart size and volume, help-
ing doctors better evaluate the condition and formulate
treatment plans.

Table 4 showed that the experimental group had a
lower surgical risk, and image guided surgery could help
improve surgical safety and success rate. Three-dimen-
sional echocardiography provided real-time visualiza-
tion information for many operations, which could guide
doctors during surgery, avoid damage to important sur-
rounding tissues and organs, and reduce surgical risks.
Image guided surgery could provide more accurate posi-
tioning information, enabling doctors to more accurately
remove lesions, reduce the scope of resection, and maxi-
mize the preservation of normal tissue.
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Fig. 7 Physical data of two groups of patients before and after surgery; a Body data of two groups of patients before surgery; b Postoperative body

data of two groups of patients
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The data in Fig. 6 showed that the number of post-
operative complications in the experimental group
was lower than that in the control group. The com-
bined application of image guided surgery and three-
dimensional echocardiography could provide doctors
with accurate, detailed, and visualized cardiac struc-
tural information, and help them navigate and operate
in real-time during surgery. By using high-resolution
medical imaging technologies such as three-dimen-
sional echocardiography, medical students could
obtain more detailed and accurate cardiac structural
information before surgery. This information could
be imported into image guided surgery to help doc-
tors accurately locate and evaluate the location, size,
and shape of lesions. Compared to traditional sur-
gery, image guided surgery could better guide doc-
tors in surgical operations and reduce postoperative
complications.

The combined application of image guided surgery and
three-dimensional echocardiography is not only more
convenient and accurate for doctors, but also provides
patients with a better treatment experience and effect.
With the continuous progress of technology, the combi-
nation of image guided surgery and three-dimensional
echocardiography would play an increasingly important
role in the treatment of CHD.

Conclusions

CHD is a common heart disease that requires a series
of methods for its diagnosis and treatment. This article
improves the diagnosis and treatment of CHD by com-
bining three-dimensional echocardiography and image
guided surgery, and improves the level and quality of
medical services. The combination of three-dimensional
echocardiography and image guided surgery plays an
important role in the diagnosis and treatment of CHD.
The experimental results indicated that the combi-
nation of three-dimensional echocardiography and
image guided surgery had higher diagnostic accuracy
and lower surgical risk, and the diagnostic and thera-
peutic effects were significantly better than traditional
diagnostic methods and surgeries. The combination of
image guided surgery and three-dimensional echocar-
diography could bring more advantages, improve the
diagnosis and treatment effect of CHD, and provide
patients with a better treatment experience. It could
also provide surgeons with a better operating experi-
ence. This method is expected to be widely promoted
and applied in clinical applications. The research results
of this article can provide scientific basis for clinical
application and provide better training plans for clinical
practice. However, the sample size chosen for this study
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is not large enough and lacks a certain degree of reliabil-
ity. With the continuous development of medical tech-
nology, three-dimensional echocardiography and image
guided surgery would be increasingly widely used in the
diagnosis and treatment of heart disease, bringing more
accurate and effective treatment to patients.
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