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To investigate the diagnostic value of ultrasound image-guided extracorporeal gastrointestinal multifunctional instrument based
on pattern classification algorithm (PCA) on the physical status of patients after esophagectomy for esophageal cancer (EC), in
this study, 120 esophageal cancer patients who entered our hospital for consultation and treatment from July 2019 to July 2020
were selected as the investigation subjects, and the patients were randomly divided into a control group (gastrointestinal motility
drug treatment) and an observation group (gastrointestinal motility drug + extracorporeal gastrointestinal multifunctional
apparatus (EGMA) therapy), with 60 cases in each group. A pattern classification method algorithm was designed for the
ultrasound image characteristics of esophageal cancer tumors and applied to the clinical identification and diagnosis of post-
operative status of esophageal cancer patients by the ultrasound image-guided extracorporeal gastrointestinal multifunctional
instrument.'e results showed that the time of exhaustion, the time of recovery of bowel sounds, and the time of the beginning of
gastrointestinal peristalsis in the observation group were better than those in the control group, and the difference between the two
groups was statistically significant (P< 0.05); the incidence of postoperative abdominal distension in the observation group was
15%, and that in the control group was 28.3%; the incidence of postoperative abdominal distension in the observation group was
significantly lower than that in the control group, and the difference was statistically significant (P< 0.05). In conclusion, the use of
EGMA guided by ultrasound image based on PCA can effectively improve the gastrointestinal function of esophageal cancer
patients and significantly reduce the incidence of postoperative complications, which is worthy of clinical promotion.

1. Introduction

Esophageal cancer is one of the malignant tumors that se-
riously threaten human life and health. At the early stage of
esophageal cancer, there are no obvious symptoms, and
some patients have difficulty in swallowing and burning pain
behind the sternum, so they often miss the best treatment
time due to lack of attention. At the later stage of esophageal
cancer, patients may have difficulty in swallowing food, and
they lose weight rapidly [1, 2]. 'e most common clinical
treatment for esophageal cancer is surgical resection, and
some studies have pointed out that the 5-year survival rate of
patients with esophageal cancer surgery is 40% and the 10-
year survival rate is 14%–23% [3, 4]. If patients are treated

and controlled in the early stage of esophageal cancer, then
the 5-year survival rate after surgery will reach more than
90% [5]. Early diagnosis and treatment of patients with
esophageal cancer is necessary [6, 7].

EGMA is a novel type of gastrointestinal pacing instrument
to assist patients with gastrointestinal peristalsis. For patients
with abdominal distension and gastrointestinal dysfunction
caused by eating after surgery, gastrointestinal pacing can play a
favorable therapeutic auxiliary role [8, 9]. Prior to that, the
treatment of patients’ gastrointestinal function wasmainly based
on drugs. However, drug treatment would increase the patient’s
gastrointestinal burden and increase the patient’s psychological
pressure, and the treatment effect was not very satisfactory. 'e
emergence of EGMA solved this problem in a timely manner
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[10–12]. 'e main working principle of EGMA is gastrointes-
tinal pacing. It adopts advanced electronic technology to sim-
ulate the gastrointestinal biological signal of the human body. It
also utilizes the electrical rhythmic activity of gastrointestinal
pacing points to set appropriate pacing parameters driven by the
power of radio waves of different frequencies, thus inhibiting the
electrical activity of the ectopic pacing circuit or correcting the
patient’s abnormal gastrointestinal rhythm.'en, it can produce
rhythmic contraction or progressive movement of the stomach
and intestine, relieve the gastrointestinal dysfunction of the
body, and promote the restoration of normal gastrointestinal
function [13].

Computer technology and various medical image intelligent
recognition segmentation algorithms have emerged in recent
years, and automatic classification algorithms for ultrasound
images can achieve automatic classification of images by
extracting medical image features and training classifiers, thus
improving the efficiency of ultrasound image management [14].
Image patterns are key information and a basic visual repre-
sentation in images, and accurate recognition and categorization
of image patterns can greatly improve the efficiency of image
recognition, reduce human and material costs, and earn more
time for patients to be treated. 'e current pattern classification
algorithms for medical images have shown good image rec-
ognition effects and have good clinical research value and ap-
plication prospects [15]. 'erefore, in this study, we design a
PCA for the ultrasound image characteristics of esophageal
cancer patients and apply it to the clinical diagnosis process of
ultrasound image-guided extracorporeal gastrointestinal mul-
tifunctional instrument to assess the condition of patients after
esophageal cancer resection and comprehensively evaluate the
clinical application value of the algorithm by observing the
indexes of the two groups of patients.

2. Materials and Methods

2.1. Selection of Research Subjects. In this study, 120 patients
with EC who entered our hospital for consultation and treat-
ment from July 2019 to July 2020 were selected as the inves-
tigation subjects, among which there were 71 males and 49
females, and the average age of all patients was 41.5±4.9 years.
Also, all patients were randomly divided into two groups, with
60 patients in each group: the control group was treated with
gastrointestinal motility drugs and the observation group was
treated with EGMA on the basis of gastrointestinal motility
drugs, and the efficacy of the two groups was observed,
respectively.

All patients shall undergo gastrointestinal decompres-
sion without interruption after surgery. 'e patients in the
observation group were made to lie flat on the bed and were
correctly connected to the EGMA through the abdomen.
'en, corresponding treatment mode was selected, the
medical staff set the treatment frequency and started the
treatment, 1 time/d, 10–30min/time, and the whole course
of treatment lasted 15 days.

'e research had been approved by the medical ethics
committee of the hospital, the patients and their families also
understood the specific situation of the research, and the
research had acquired the patients’ consent.

Inclusion criteria were as follows: (1) patients diagnosed
with EC by surgical pathology; (2) no metastasis was diagnosed
by ultrasound and patientswith no contraindications to surgery;
(3) patients with clear consciousness whowere able to cooperate
with the examination; and (4) patients who did not use related
gastrointestinal motility drugs before surgery.

Exclusion criteria were as follows: (1) patients with history
of severe gastrointestinal diseases; (2) patients with mental
illness who cannot accurately describe the condition; (3) pa-
tients with severe heart disease and patients with pacemakers;
(4) patients with digestive bleeding or bleeding tendency; and
(5) patients with severe liver, gallbladder, pancreas, or spleen
organic diseases.

2.2. Construction of PCA. PCA is also called pattern rec-
ognition. 'is work is mainly based on the support vector
machine under PCA, which is a new machine learning
method proposed by researchers from AT&T Bell Labs led
by Vapnik. When linearly separable, its hyperplane ex-
pression equation is as follows:

Q
i ∗X + a � 0, (1)

whereQ is the normalization of the hyperplane and i denotes
the hyperplane number, X is the hyperplane size, and a is the
hyperplane parameter. 'e form of the special function is as
follows:

f(z) � Q
i ∗X + a. (2)

'ediscriminant function is normalized, so that all samples
of the two types basically satisfy |f(z)|≥ 1. 'e value
|f(z)| � 1, which is the closest to the hyperplane. Denoting the
vertical distance from the origin to the hyperplane by ‖Q‖, then
of the sample closest to the hyperplane is set to 1 such a
classification interval would be 2/‖Q‖, so the maximum clas-
sification interval is equivalent to making ‖Q‖ (or ‖Q‖/2) the
smallest. For the expression 2/‖Q‖ of the segmentation gap to be
meaningful, all samples must satisfy the following equation.

Xr Q
i ∗Xr  + a  − 1≥ 0, (r � 1, 2, . . . n). (3)

'e problem is transformed into a secondary optimi-
zation problem, which is as follows:

min
1
2
‖Q‖

2
,

s.t. Xr Q
i
?Xr + a  − 1≥ 0 . . .∀r � 1 . . . L?.

(4)

To meet the constraints in the minimization, it is nec-
essary to introduce the Lagrangian multiplier b, br ≥ 0, and
the following equation is obtained:

Mt �
1
2
‖Q‖

2
− b yr Q

i ∗Xr + a  − 1 

�
1
2

‖Q‖
2

− 
L

r�1
bryr Q

i ∗Xr + a  + 
L

r�1
Xr.

(5)

'e problem is transformed into minimizing Q and a. b
is the largest, and each element of a is nonnegative. By taking
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the partial derivative of Q and a on Mt and making its value
equal to 0, the following equation is obtained:

zMP

zW
� 0⇒W � 

L

r�1
arXryr,

zLP

za
� 0⇒ 

L

r�1
bryr � 0.

(6)

'e dual form dependent on b is obtained as follows:

Ms � 
L

r�1
ar −

1
2


rh

brbhyryhXr ∗Xh. (7)

Trh � yryhXr ∗Xh, and the equation is finally trans-
formed into the following one:

max
b



L
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1
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b

t
Trh

⎡⎣ ⎤⎦. (8)

AfterW is solved again, finding b with any point can get
the average solution equation of the final support vector,
which is as follows:

b �
1

ZS


m∈s

bmymXsXm. (9)

For each newly added sample x′, it can be classified
through calculation of y′ � sgn(W · X′ + b).

'e working theory of vector linear support vector
machine is introduced, which serves as the basis of ultra-
sound image classification. Its characteristic is that it seeks
the optimal solution for a limited sample, not just the op-
timal solution when the sample tends to infinity. 'e al-
gorithm converts the actual problem into a high-
dimensional feature space through linear conversion and
realizes the nonlinear discriminant function in the original
space by constructing a linear discriminant function in the
high-dimensional feature space. Finally, it is transformed
into a quadratic optimization problem, which solves the
local optimal problem in machine learning.

2.3. Observation Indicators. 'e indicators of exhaust time,
borborygmus recovery time, and gastrointestinal peristalsis
start time of the two groups of patients were followed and
recorded. 'e two groups of patients were compared and
analyzed regarding anesthesia time, free activity time, def-
ecation, and the incidence of abdominal distension.

2.4. Statistical Methods. 'e research data were processed
via SPSS19.0 version statistical software. Mean± standard
deviation was how measurement data were expressed, and
counting data were expressed as percentage (%). One-way
analysis of variance was adopted for pairwise comparison of
running time.'e comparisons of age, height, weight, course
of disease, ratio of male to female, and diagnostic accuracy
were performed by paired t-test. 'e difference was statis-
tically significant at P< 0.05.

3. Results

3.1. Basic Information of EC Patients. Figure 1 shows the sex
distribution of esophageal cancer patients, and from Fig-
ure 1, it could be concluded that among the 120 patients with
esophageal cancer, there were 71 males and 49 females
(Figure 1), including 33 males and 27 females in the control
group and 38 males and 22 females in the experimental
group. Figure 2 shows the mean age distribution of the
patients in both groups. 'e results showed that the overall
mean age of the 120 patients with esophageal cancer was
41.5± 4.9 years, while the mean age of the control group was
40.8± 5.2 years, of which the mean age of females was
44.1± 2.8 years and the mean age of males was 58.2± 3.1
years.'emean age of the experimental group was 42.1± 4.7
years, of which the mean age of females was 44.8± 4.1 years
and the mean age of males was 55.7± 5.8 years.

'emean age and the proportion of males and females in
the two groups of esophageal cancer patients were com-
pared. It can be concluded that the mean age and male to
female ratio of patients in the experimental group were not
statistically significant compared with the control group
(P> 0.05).

3.2. Preoperative Imaging Results of Some Patients. PCA was
applied to screen ultrasound images of some patients, and
the screening criteria were clear, very fast, and with strong
adaptability. Figures 3–6 show ultrasound images of an
elderly patient processed by the pattern classification al-
gorithm. Figure 3 shows the ultrasound image of the neck
longitudinal section. Figure 4 shows an ultrasound image of
the cross-section of the neck, and Figure 5 shows an image of
the result expression (CDFI) of blood flow detected by color
Doppler ultrasound. Figure 6 shows a pulse waveform pulse
Doppler (PW) image diagram.

According to the ultrasound results, the local normal
wall structure of the patient’s cervical esophagus dis-
appeared, the wall was unevenly thickened, and it was
hypoechoic. 'e distribution was not uniform. 'e thicker
part was about 9.8 mm. 'e CDFI results showed that the
blood flow signal was abundant, and the PW results showed
that the PW probe and the low-speed high-resistance artery
spectrum showed abnormalities in the patient's carotid
artery spectrum. According to the above-mentioned imag-
ing examination results, it was considered as cervical
esophageal cancer, which was later confirmed by pathology.

3.3. Comparison of Borborygmus Recovery between the Two
Groups. After the operation, the borborygmus recovery
time of EC patients recorded by professional medical staff
was compared. After surgery, the borborygmus recovery
time of EC patients in the control group were (17.53± 4.87)
hours, and that in the observation group was (7.59± 5.27)
hours. Figure 7 shows the comparison and analysis between
the two groups; the recovery time of borborygmus in the
observation group was remarkably inferior to the control
group, and evident differences were found (P< 0.05).
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3.4. �e Start Time of Gastrointestinal Peristalsis in the Two
Groups of Patients. Figure 8 shows the start time of gas-
trointestinal peristalsis after the operation of the two groups

of patients. In the control group treated with gastrointestinal
drugs, the time to start gastrointestinal peristalsis after
surgery was (14.8± 4.27) hours. 'e start time for gastro-
intestinal peristalsis after the operation in the observation
group treated with EGMA was (7.1± 3.71) hours. For the
gastrointestinal peristalsis start time, the time taken by
observation group was greatly shorter in contrast to the
control group (P> 0.05).

3.5. Comparison of the First Exhaust Time after Operation
between theTwoGroups. Figure 9 shows that the time for the
first gastrointestinal exhaust time of the patients in the
control group after the operation was (37.64± 5.44) hours.
'e first exhaust time of the observation group after
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Figure 1: 'e gender distribution of EC patients.
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Figure 2: Comparison of the mean age of patients in the two
groups.

Figure 3: Longitudinal section of the neck showing obvious local
thickening of the esophagus.

Figure 4: Cross section of neck showing thickening of esophageal
wall.

Figure 5: CDFI showing rich blood flow signals on thickened
esophageal wall.

Figure 6: PW showing low-speed high-impedance spectrum.
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operation was (28.26± 2.89) hours, which was evidently
inferior to the control group, with very considerable dif-
ference (P< 0.05).

3.6. Comparison of the First Defecation Time after Operation
between the Two Groups. Figure 10 shows the time for the
first defecation of the two groups of patients after surgery,
and the time for the first defecation in the control group
treated with gastrointestinal drugs was (98.64± 7.65) hours.
'e time for the first defecation in the observation group
after EGMA treatment was (72.56± 3.19) hours. Compari-
son between the two groups of patients indicated that the
first defecation time of the observation group was greatly
shorter versus the control group, and there was remarkable
difference between them (P< 0.05).

3.7. Comparison of Postoperative Recovery between the Two
Groups. 'ere was no substantial difference in the anes-
thesia time between the two groups of patients after surgery
(P> 0.05). After observation and recording, the time taken
for the observation group to recover ambulation after the
operation was (10.3± 1.78) days, and that for the control

group was (17.1± 3.3) days. 'ere were 9 cases of postop-
erative abdominal distension in the observation group, with
a rate of 15%, and 17 cases of postoperative abdominal
distension in the control group, with a rate of 28.3% (Fig-
ure 11). It can be inferred that the effect of the observation
group was superior to the control group in terms of post-
operative recovery and abdominal distension, and the dif-
ferences were very obvious (P< 0.05).

4. Discussion

At present, the most common treatment for esophageal
cancer is surgical resection, but the surgical resection process
has a great risk, which will destroy the gastrointestinal
function of the patient and then induce many complications.
'erefore, the postoperative recovery process of patients is
very important in the treatment of esophageal cancer, which
will directly affect the prognosis of patients. It has been
shown that after clinical esophagectomy, the structure of the
esophagus and stomach will be temporarily altered so that
the stomach is lifted into the thoracic cavity and anasto-
mosed with the residual esophagus, and the pressure in the
thoracic cavity becomes negative, which reduces the pres-
sure gradient between the stomach and duodenum in the

∗

0

5

10

15

20

25

N
um

er
ic

al
 v

al
ue

Control groupObservation group
Grouping

Figure 7: Comparison of borborygmus recovery time between the two groups (∗indicated considerable difference relative to the control
group).
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Figure 8: Start time of gastrointestinal peristalsis in the two groups
(1: start time of gastrointestinal peristalsis; ∗meant considerable
difference relative to the control group).
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Figure 9: Comparison of the first exhaust time after operation
between the two groups (∗meant considerable difference relative to
the control group).
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thoracic cavity and causes great pressure on the peristalsis
and emptying of the gastrointestinal tract [16].

Several studies have reported on the treatment of gas-
trointestinal dysfunction that occurs in patients with EC
after surgery. Among them, pattern classification algorithm
can achieve fast screening of ultrasound images, while the
hardware requirements are low and easier to achieve the
effect of ultrasound images, which is the most active branch
in the field of pattern recognition machine learning in recent
years and one of the most mature and applied algorithms. In
this research, the algorithm principle of pattern classification
was applied to the screening of ultrasound images, which
greatly improved the screening efficiency, was very conve-
nient, and effectively saved the treatment time. 'e results
showed that the recovery time of bowel sounds after surgery
was 17.53± 4.87 hours in the control group and 7.59± 5.27
hours in the observation group of EC patients, the recovery
time of bowel sounds in the observation group was sig-
nificantly shorter than that in the control group, and there
was a statistical difference between the two (P< 0.05). 'e
time to start peristalsis after surgery was 14.8± 4.27 hours in
the control group treated with gastrointestinal drugs and
7.1± 3.71 hours in the observation group treated with ex-
tracorporeal gastrointestinal multifunctional apparatus, and
the time to start peristalsis after surgery was significantly
shorter in the observation group than that in the control

group (P< 0.05). In the control group, the time to first
gastric expulsion after surgery was 37.64± 5.44 hours, and in
the observation group, it was 28.26± 2.89 hours, and the
time to first gastric expulsion in the control group was
significantly longer than that in the observation group, with
statistical differences (P< 0.05). In the control group, the
time to first bowel movement after treatment with gastro-
intestinal drugs was 98.64± 7.65 hours, and in the obser-
vation group, the time to first bowel movement after
treatment with extracorporeal gastrointestinal multifunc-
tional instrument was 72.56± 3.19 hours. 'e first bowel
movement time of the patients in the observation group was
significantly shorter than that of the control group, and the
two groups were statistically different (P< 0.05). 'ere were
9 cases of postoperative bloating in the observation group,
with an incidence of 15%, and 17 cases of postoperative
bloating in the control group, with an incidence of 28.3%, so
the incidence of postoperative bloating in the observation
group was significantly lower than that in the control group,
and there was a statistical difference between the two
(P< 0.05), which was similar to the findings of Zhang and
Zhang [17] and Kimoto et al. [18].

'e results of this study confirmed that the ultrasound
image-guided EGMA under pattern classification algorithm
can be used for electronic pacing therapy of the gastroin-
testinal in patients undergoing esophageal cancer surgery,
which can accelerate the recovery of the gastrointestinal
function by stimulating the patient’s diseased area through
physiological electrical stimulation and promoting the nerve
activity related to the action of the gastrointestinal tract in
the patient’s body. In addition, the pattern classification
algorithm shows good recognition effect and speed in the
process of postoperative ultrasound image recognition and
classification of EC patients, which has a good application
prospect in the field of ultrasound image recognition of
future ultrasound image-guided EGMA.

5. Conclusion

'e results show that this kind of assisted diagnosis and
treatment can effectively improve the efficiency of diagnosis and
treatment, and the result confirms that the EGMA can effec-
tively promote the recovery of early gastrointestinal function of
postoperative patients with EC, which has high clinical pro-
motion value and significance.'e shortcoming of this study is
that the sample size of selected patients is small and there is a
certain bias, and the scope of application of the study results is
also small. In the subsequent study, the sample size of patients
will be increased and the scope of the study will be expanded to
further explore the value of EGMA in the postoperative ap-
plication of esophageal cancer patients. In conclusion, the re-
sults of this paper provide some reference and significance for
the clinical application of EGMA in patients with EC.

Data Availability

'e data used to support the findings of this study are
available from the corresponding author upon request.
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groups (∗meant considerable difference relative to the control group).
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