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This study aimed to investigate the therapeutic effect of thoracoscopic thyroidectomy guided by an ultrasound image based on an
artificial intelligence algorithm on papillary thyroid carcinoma. Patients diagnosed with papillary thyroid carcinoma by imaging
examination or needle biopsy in hospital were selected. The subjects were randomly divided into the experimental group and the
control group. In the experimental group, 94 patients underwent conventional thoracoscopic thyroid tumor resection. In the
control group, 119 patients underwent thoracoscopic thyroidectomy under ultrasonic guidance based on an intelligent algorithm.
The adoption effect of ultrasound imaging based on the least variance algorithm in thoracoscopic papillary thyroid carcinoma
surgery was evaluated by comparing the differences between the two groups of patients after laparoscopic thyroidectomy. The
results showed that the ultrasonic imaging resolution and sound-absorbing spot imaging effect based on an artificial intelligence
algorithm were superior to those of conventional ultrasonic imaging. Compared with the control group, the average duration of
surgery in the experimental group was reduced and the intraoperative blood loss, postoperative cumulative drainage volume,
postoperative drainage tube duration, hospital stay, and pain evaluation were dramatically better (P < 0.05). It was confirmed that
ultrasound-guided endoscopic thyroid surgery based on the least variance algorithm had better results than conventional surgery
and showed the same safety as traditional surgery, which was of clinical promotion value. However, some evaluations were

influenced by subjective judgment, and the accuracy of data conclusions needed to be further studied.

1. Introduction

Nodular thyroid disease (NTD) is a common type of thyroid
disorder. Under high-resolution ultrasound, thyroid nod-
ules are diagnosed in about 19%~67% of the population,
with a high prevalence in women and elderly patients [1].
Thyroid cancer is a common endocrine malignant tumor,
and its prevalence is increasing in recent years. Thyroid
cancer occurs in thyroid follicular cells and parathyroid cells.
The common types are follicular carcinoma, undifferentiated
carcinoma, papillary thyroid carcinoma, and medullary
carcinoma of thyroid. Among them, the prevalence of
papillary thyroid carcinoma is as high as over 90% [2].

At present, the clinical treatment of papillary thyroid
carcinoma mainly includes conservative treatment and
surgical treatment. If the effect of conservative treatment is

not ideal, surgical treatment is generally recommended [3].
Although the initial neck open goiter resection can effec-
tively remove the lesion, the postoperative incision is ob-
vious. In recent years, with the continuous development of
ultrasound technology and thoracoscopic technology,
thoracoscopic surgery based on ultrasound guidance can
effectively reduce the incision and postoperative scar. It is
highly respected by more and more doctors and more easily
accepted by patients [4]. Compared with computed to-
mography (CT) and magnetic resonance imaging (MRI), the
ultrasonic probe can not only be moved by hand but also
cost less and has a better stability. It can present real-time
tissue imaging with no obvious side effects to the patient or
the operator. Despite these advantages, ultrasound imaging
technology is still subject to many limitations in clinical
application [5]. The traditional ultrasonic imaging
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technology refers to the interaction between the ultrasonic
wave emitted by the ultrasonic probe and the measured
object. The echo beam signals reflected from the surface and
internal depressions of the measured object are processed
together. Then, the external structure or internal structure
size of the measured object is displayed through image
processing technology [6].

At present, the delay-and-sum (DAS) algorithm is the
most widely used artificial intelligence algorithm in ultra-
sonic signal processing. DAS algorithm delays and weights
the signals received by each array cell and then obtains the
maximum output. However, in practice, the accuracy of
ultrasonic echo signal may be interfered by the complexity of
the detection object and the diversity of the detection en-
vironment. Therefore, the traditional DAS technology has
the disadvantages of poor image resolution and contrast [7].
To overcome this shortcoming, some researchers proposed
an adaptive beamforming algorithm. Compared with the
DAS algorithm, the adaptive algorithm uses the received
echo data to dynamically calculate the weighting coefficient,
and each point collected in the image can get a set of
weighting vectors. The standard Capon algorithm is the
earliest adaptive weighting algorithm, also known as the
minimum variance (MV) imaging algorithm [8].

In this study, the efficacy of the MV beamforming al-
gorithm in ultrasound imaging for thoracoscopic surgical
treatment of papillary thyroid carcinoma was analyzed based
on the adaptive beamforming algorithm under artificial
intelligence.

2. Research Methods

2.1. Research Objects. Patients diagnosed with papillary
thyroid carcinoma by imaging examination or needle biopsy
in the hospital were selected. The subjects were randomly
divided into the experimental group and the control group.
In the experimental group, 94 patients underwent con-
ventional thoracoscopic thyroid tumor resection. In the
control group, S-NERVE portable ultrasound was adopted.
119 patients underwent thoracoscopic thyroidectomy under
ultrasonic guidance based on an intelligent algorithm. This
study had been approved by the Ethics Committee of
Hospital, and all patients had signed the informed consent.
Inclusion criteria were as follows: (i) female patients,
aged less than 45 years; (ii) patients with the diameter of the
mass less than 1 cmy; (iii) those with no extracapsular thyroid
invasion occurrence; (iv) patients in whom no obvious
lymph node metastasis was found; (v) patients whose en-
larged lymph nodes were not fused or fixed. Exclusion
criteria were as follows: (i) patients who had no postoper-
ative cosmetic requirements; (ii) patients whose distant
metastasis of tumor was diagnosed before surgery; (iii)
patients with recurrent papillary thyroid carcinoma. The
following patients were not allowed to participate in the
study: (i) those who had a previous history of neck surgery or
radiotherapy; (ii) patients whose lymph node metastasis in
the lateral region was confirmed by diagnosis; (iii) patients
whose imaging examination suggested external thyroid
infiltration; (iv) obese patients; (v) male patients.
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Therefore, ultrasound imaging based on the MV al-
gorithm was applied to perform thoracoscopic thyroid
tumor resection under its guidance, and various intra-
operative and postoperative indicators were observed.
Compared with patients undergoing conventional
thoracoscopic thyroid tumor resection, the therapeutic
effect of thoracoscopic surgery guided by ultrasound
imaging based on the MV algorithm for thyroid papillary
carcinoma was explored, providing data support for its
clinical application.

2.2. Observation Indexes. The main indexes to be observed in
this study include the following: I. general clinical infor-
mation of all subjects, such as age, BMI, and tumor lesion
size; I1. perioperative short-term efficacy indexes, such as the
number of dissected lymph nodes, operative time, postop-
erative drainage duration, intraoperative blood loss, the total
length of hospital stays, and total postoperative drainage
volume; III. postoperative complications, such as temporary
or permanent recurrent laryngeal nerve injury and hypo-
calcemia, incision infection, postoperative bleeding, chest
wall and neck skin stiffness, or other discomforts; IV.
postoperative subjective feelings of patients, including
whether patients had neck pain, neck discomfort, and
psychological acceptance of patients; V. the degree of
postoperative neck or chest pain; VI. patients’ satisfaction
with postoperative cosmetic effects of surgical wounds; VIL.
whether the tumor recurred or metastasized during follow-

up.

2.3. Minimum Variance Algorithm. The adaptive beam-
forming algorithm refers to dynamically calculating the
weighting vector through the ultrasonic echo signal and
weighting the echo data after the delay of different array
elements. After that, the beams are assembled and processed
to obtain the ultrasonic beam synthesis signal [7]. Its
schematic diagram is shown in Figure 1.

Compared with the previous DAS technology, the
adaptive beamforming technology adds a dynamic
weighting module [9] to reduce the noise energy in the
output signal. The output echo signal is represented by
Caps(0). The specific implementation steps of the MV al-
gorithm are as follows. It is assumed that there is a receiving
array of N array elements to delay the reception of the echo
data in the target area and combine it with adaptive
weighting processing. The obtained beam synthesis output
signal expression is shown in

N
y (k) = w' (k)xg (k) = Y w, (k)x; (k - A,), (1)

i=1

where k represents the k-th sampling point,
xg(k) = [x,k=A,...,x,k—A;]" is the ultrasonic echo
data after focusing delay, A; indicates the time to increase the
delay of each element signal, w(k) = [wk,...,w (f))*
represents the adaptive weighting coeflicient, and []" is the
transposition operation.
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FIGURE 1: Adaptive beam synthesis.
According to the principle of minimum variance, the Ty e
problem of solving weight vector W by MV algorithm is Te=€5 = 2B, (5)

expressed as

m

wi”mHRm, subject to mila=1. (2)

R = E[x,x}] is the sample covariance matrix of NxN
dimensions, and a = [1,1...,1]T is the direction vector of
Nx1 dimensions. According to the Lagrange number
multiplication equation, the optimal weight vector obtained
is shown in

R'a
Wopr = ——1— (3)
P a" R

Finally, the output expression of the minimum variance

algorithm is shown in

T (k) = wh g (k). @)

2.4. Image Evaluation. The commonly used ultrasound
imaging evaluation indexes mainly include the evaluation of
the spatial resolution of point target imaging and evaluation
of the contrast of sound absorption spot imaging [10]. Due
to the complicated research on algorithm complexity in this
research, here is a brief description of some operations:

(i) The Spatial Resolution of Point Target Imaging. The
application of spatial resolution for point target
imaging is used to evaluate the imaging effect. The
imaging target point can only be used to measure the
focus accuracy of the imaging algorithm through the
position but not the size. Generally, the smaller and
brighter the target point in the image is, the better
the resolution of the algorithm and the more ac-
curate the focus. The spatial resolution mainly in-
cludes axial resolution and horizontal resolution,
which represent vertical and horizontal artifacts,
respectively [11]. Axial resolution is the shortest
distance between two distinguishable target points
on the axis of the sound beam, expressed in r,.

Here, e is the speed of sound, 7, is the pulse effective
time, and B,,, is the pulse bandwidth. If it is necessary
to improve the axial resolution of ultrasound im-
aging, the pulse wavelength or pulse period should
be shortened, which will cause the reduction of
ultrasound in the object to be measured and reduce
the depth of detection. The lateral resolution refers to
the shortest distance between two target points that
can be distinguished in the direction perpendicular
to the axis of the sound beam in the imaging area,
which is shown in

0
r, = 2Fsin7ml. (6)

F is the distance between the center of the array
element and the target point, and 6,,,; represents the
angle between the two target points and the center of
the array element. The lateral resolution is propor-
tional to the effective width of the ultrasonic beam,
and the lateral resolution is usually expressed by the
width of the main lobe of -6 dB or —20dB. In ad-
dition, point target imaging usually indicates the
amount of imaging artifacts by the amplitude of the
first side lobe, and the amplitude of the side lobe is
also proportional to the imaging artifacts.

(ii) Evaluation of Sound Absorption Spot Imaging. It is
evaluated by contrast and background area variance.
The specific analysis is as follows:

The difference between the brightness of the
brightest and darkest areas in an image is the con-
trast ratio (CR), which is proportional to the imaging
effect [12], whose mathematical definition is shown
in

CR = 20 1g(”—A). (7)
Up



Here, us and pp are the mean values of the echo
signals in the background area and the target area,
respectively.

In real ultrasound imaging applications, the value of
contrast is simplified as the difference between the mean
value of the echo signal in the background area and the mean
value of the echo signal in the target area. The brighter the
imaging effect, the stronger the signal strength, and the
higher the mean value of the corresponding echo signal.

In ultrasound imaging, the background area variance
(standard deviation) is usually used to represent the ro-
bustness of the algorithm. The smaller the value, the better
the robustness of the algorithm. The mathematical expres-
sion of background regional variance is shown in

S D = o’ + 03 (8)

04 represents the background area of the sound ab-
sorption spot, and op represents the signal standard devi-
ation of the target area. This parameter is solved by directly
applying the intensity standard deviation of the echo signal
in the background area in the actual simulation imaging. In
sound absorption spot imaging, the larger the variance
between CR and the background area, the worse the imaging
effect of the algorithm.

2.5. Statistical Methods. Data were processed by SPSS 22.0
data statistical software. The measurement data were
expressed as mean + standard deviation, and the two groups
of data were compared using the -test of two independent
samples. The difference of comparison rate was tested by y*
four-grid table, and P <0.05 was considered statistically
remarkable between the two groups.

3. Research Results

3.1. Evaluation of Ultrasound Imaging. Compared with the
conventional traditional DAS algorithm, the point target
imaging resolution of the MV algorithm was better, and the
main lobe width and side-lobe peak display were dramati-
cally reduced (Figure 2).

Contrast ratio (CR) is defined as the difference between
the external average power and the average power of the
central dark spot. The larger the value, the greater the degree
of discrimination of the imaging area. The smaller the av-
erage power value, the worse the signal strength, and the
darker the corresponding image area. The background area
variance is a parameter that reflects the robustness of the
algorithm. The smaller the value, the better the robustness of
the algorithm [13]. The results are shown in Figure 3.

3.2. Basic Information of the Two Groups of Patients.
According to the above inclusion and exclusion criteria, a
total of 213 patients were included in this experiment, in-
cluding 94 in the control group and 119 in the experimental
group. The age of the experimental group was mainly dis-
tributed between 14 and 45 years old, and the average age
was (34.33 + 7.34) years old. The age of the control group was
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mainly distributed between 21 and 46years old, and the
average age was (35.34+£7.67) years old. The difference in
age distribution between the experimental group and the
control group was not statistically remarkable (P > 0.05). The
average BMI index of the experimental group was
(21.02 £1.23) kg/mz, the average BMI index of the control
group was (21.53 + 1.25) kg/m’, and the BMI index of the
two groups was not statistically remarkable (P> 0.05)
(Table 1).

3.3. Relevant Indexes after Surgery. According to the post-
operative routine pathological results, there was no con-
siderable difference in tumor size between the experimental
group and the control group (P > 0.05). Compared with the
experimental group, the operation duration of the control
group was longer, and there was a considerable difference in
the operation duration between the two groups, which was
statistically remarkable (P < 0.05). The intraoperative blood
loss in the control group was less than that in the experi-
mental group, and the difference in blood loss between the
two groups was statistically remarkable (P <0.05). The cu-
mulative drainage volume of the control group was more
than that of the experimental group, and the difference
between the two groups was substantial (P <0.05). The
drainage tube was placed for more days in the control group
than in the experimental group, and the difference was
substantial (P < 0.05). The number of days of hospitalization
in the control group was more than that in the experimental
group, with substantial differences (P <0.05). There was
little difference in the numbers between the two groups, and
there was no statistical significance (P >0.05) (Figure 4).

3.4. Comparison of Postoperative Complications between the
Experimental Group and the Control Group. A total of 19
patients in the control group had postoperative complica-
tions, accounting for 20.21%, and a total of 14 patients in the
experimental group had postoperative complications, ac-
counting for 11.76%. Compared with the control group, the
experimental group had a slightly higher proportion of
complications, but there was no considerable difference in
the probability of complications between the two groups.
Moreover, no fatal complications were found in all subjects
after surgery (Table 2).

3.5. Comparison of Patients’ Subjective Feelings after Surgery.
The postoperative neck discomfort, neck pain, psychological
acceptance, and satisfaction with postoperative incision
scars of the experimental group were better than those of the
control group. The differences were considerable (y* =7.032,
7.358, 19.013, P <0.05) (Figure 5).

3.6. Analysis of the Results of Postoperative Neck and Anterior
Chest Wall Pain in the Experimental Group and the Control
Group. According to the “facial expression pain scale”, the
degree of pain in the neck or anterior chest wall after the
operation was evaluated (Figure 6). The score of pain was
positively correlated. When the pain had a serious impact on
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TaBLE 1: General data of patients.

Group Number/cases  Age/years  BMI/kg/m’
Experimental group 119 34.33+£7.34 21.02+1.23
Control group 94 35.34+7.67 21.53+1.25

the patient’s daily life or rest, analgesic drugs should be used
to relieve the pain as directed by the doctor. This scale
assessed the straightforwardness of image expression and
had a high application value [14].

Each surgical patient compared the pain scale on the
first, second, and third day after surgery to grade their own
pain levels. Afterward, the pain degree of each group on the
Ist, 2nd, and 3rd days after the operation was calculated
according to the pain scores of the two groups of patients.
The results are shown in Figure 7. From this data analysis, it
was concluded that on the first postoperative day, the degree
of neck or front chest wall pain in the experimental group
was substantially less than that in the control group, with
dramatical differences (P <0.05). However, there was no
considerable difference in pain between the two groups on
the 2nd day and the 3rd day after the operation, and there
was no statistical significance (P = 0.126 and P = 0.483).

3.7. Comparison of Postoperative Recurrence and Metastasis
between the Experimental Group and the Control Group.
Postoperative follow-up indexes include Tg, thyroid, full set
of thyroid function, and lymph node B ultrasound [15]. In
the first year after the operation, it was reviewed once every 2
to 3 months. In the second year after the operation, it was
reviewed once in 3 to 6 months. If there was no recurrence, it
was reviewed once every 6 to 12 months. The average follow-
up was (15.1+7.5) months in the control group and
(15.5+7.7) months in the experimental group. During the
follow-up, there was no obvious recurrence or metastasis in
the two groups.

4, Discussion

Currently, considerable progress has been made in mini-
mally invasive thyroid surgery [16, 17]. At present, the
surgical indications of ultrasound-guided endoscopy in the
treatment of papillary thyroid carcinoma have not formed a
unified standard at home and abroad. However, with the
continuous development and progress of endoscopy tech-
nology, the types of indications will gradually increase, and
the previous contraindications will also decrease [18].
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FIGURE 4: Postoperative routine pathological results (*compared with the control group, the difference was substantial (P < 0.05)).

TaBLE 2: Comparison of postoperative complications.

Grou Skin Subcutaneous congestion hematoma/  Low calcium seizures/  Postoperative bleeding/
b abnormalities/cases cases cases cases
Control group 5 4 3 1
Experimental group 3 5 2 0
Statistics 0.956 1.361 1.052 0.937
P 0.872 0.467 1 1
“ Comparison of subjective feelings (P<0.05). This proved that in the process of Al-based

Satisfaction (satisfied/total)

Neck discomfort Pain

Psychological
acceptance

B Control group
M Experience group

FIGURE 5: Subjective feelings of patients (*compared with the
control group, the difference was substantial (P <0.05)).

In this experiment, patients were randomly assigned
to either conventional ultrasound-guided thoracoscopic
surgery or ultrasound-guided thoracoscopic surgery
based on artificial intelligence algorithms. In the analysis
of postoperative results, compared with the experimental
group, the average duration of surgery in the control
group was substantially increased, with statistical sig-
nificance (P <0.05). The experimental group had less
intraoperative blood loss than the control group, and the
difference between the two groups was substantial

thoracoscopic surgery, the operator can quickly and ac-
curately distinguish the arteries and veins in the operation
area by using the identification function of ultrasound,
which is safer and more reliable. Compared with the
experimental group, the total amount of postoperative
drainage was more in the control group, the duration of
drainage tube placement was longer, and the length of
hospital stay was longer. There were considerable dif-
ferences between the two groups (P < 0.05). This indicated
that the application of artificial intelligence algorithm-
based ultrasound-guided endoscopic thyroid surgery was
of high efficacy. It was also concluded that the incidence of
complications in the experimental group was 13.83% and
that in the control group was 14.29%. There were little
difference in the incidence of complications between the
experimental group and the control group and no con-
siderable difference in the incidence of postoperative
complications between the two groups. These results in-
dicated that ultrasound-guided endoscopic thyroid sur-
gery based on an artificial intelligence algorithm had the
same surgical safety as traditional surgery and may replace
traditional surgery in a safe and feasible way [19].
Visual analog scoring was also used to compare anterior
chest wall and neck pain in the two groups at 12 h, 24 h, and
48h after surgery. The results showed that there was a
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Figure 7: Comparison of the postoperative neck and anterior chest
wall pain between the experimental group and the control group
(*statistically significant difference compared with the control
group (P <0.05)).

statistically remarkable difference in pain between the two
groups on the first postoperative day (P < 0.05), while there
was no considerable difference in the neck or anterior chest
wall pain between the two groups on the second to third
postoperative day (P> 0.05). This was enough to indicate
that the postoperative pain sensation of endoscopic thyroid
surgery based on an artificial intelligence algorithm was
weaker than that of traditional surgery, and the rapid relief of
patients’ pain sensation was helpful for patients to step into
normal life and work as soon as possible after surgery.
However, studies pointed out that visual analog scoring is
influenced by the subjective judgment of patients [20], and
the accuracy of data conclusions needed to be further
studied. The patients were followed up for six months after
surgery, and the results of the postoperative cosmetic effect
satisfaction survey showed that compared with the control
group, patients in the experimental group were dramatically
more satisfied with the cosmetic effect of the wound after
surgery, and the difference between the two groups was
statistically remarkable (P < 0.05). During the postoperative
follow-up of the experimental group and the control group,
the average follow-up was (15.1 +7.5) months in the control
group and (15.5 + 7.7) months in the experimental group. No
tumor recurrence or metastasis was found. It indicated that
endoscopic thyroid surgery based on an artificial intelligence
algorithm also had the same high safety as traditional
surgery in the short follow-up process, which can ensure the
complete removal of thyroid tumor without tumor residue.
However, long-term trials and more data were needed to
confirm its long-term efficacy in treating thyroid papilloma.

5. Conclusion

Ultrasound imaging based on an artificial intelligence al-
gorithm had a good effect on the treatment of papillary
thyroid carcinoma surgery by thoracoscopic surgery. Pa-
tients’ postoperative pain was weak, the aesthetic effect was
good, and the psychological minimally invasive effect was
substantial. Ultrasound imaging based on an artificial in-
telligence algorithm was beneficial to maintain patients’
privacy and dramatically improved the surgical outcome and
quality of life. It is a surgical method with high safety and
good therapeutic effect that papillary thyroid carcinoma
patients can trust. However, there are many postoperative
drainages, and for large tumors and cases with lymph node
metastasis, the length of the hospital stays increases, and the
difficulty of surgery increases. Therefore, the treatment of
patients with severe disease or with extensive lymph node
metastasis should be carefully considered.

Data Availability

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