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To explore whether preoperative processing can promote the recovery of gastrointestinal function after laparoscopic chole-
cystectomy (LC) surgery, in the study, an artificial intelligence-based algorithm was used to segment the CT images to assist
doctors in decision making. -e patients were divided into observation group (balanced anesthesia) and control group (general
anesthesia) with SPSS. -e observation group received balanced anesthesia half a day before the operation. -e method of
balanced anesthesia was to induce 0.2mg/kg midazolam, 3mg/kg propofol, 2 μg/kg remifentanil, 0.2mg/kg vecuronium, 4∼5mg/
(kg·h) propofol, and 9∼11 μg/(kg·h) remifentanil continuous intravenous infusion to maintain anesthesia, and it was stopped once
the patient defecated; the control group had general anesthesia in the afternoon after the operation, and it was stopped once the
patient defecated.-e time before the first exhaust and defecation after the surgery as well as the recovery time of bowel sound was
recorded, and the degree of abdominal pain, abdominal distension, and gastrointestinal adverse reactions was evaluated at 22
hours, 46 hours, and 70 hours after the surgery. It was found that the accuracy of the artificial intelligence-based segmentation
algorithm was 81%.-e reconstruction accuracy of multidimensional liver could be observed at any angle, and the reconstruction
accuracy was not lower than the resolution of original input CT. -e calculation error was less than 9%, and the volume of whole
liver, liver segment, preresection liver, and residual liver was less than 9%.-e simulation accuracy of virtual liver surgery was not
lower than the resolution of original input CT. -e time before the first exhaust and defecation was shorter in the observation
group versus the control group (P< 0.05). -e recovery time of bowel sound in the observation group was shorter than that in the
control group (P< 0.05). -ere was a significant difference in the scores of abdominal distension between the two groups at 22 h
and 46 h after surgery (P< 0.05). It suggested that both the observation group and the control group could improve the symptoms
of gastrointestinal adverse reactions after surgery. Nevertheless, balanced anesthesia can shorten the time before the first exhaust
and defecation after surgery and promote the recovery of postoperative bowel sound. Furthermore, balanced anesthesia can
alleviate abdominal distension, abdominal pain, and gastrointestinal adverse reactions, which should be promoted in clinic.

1. Introduction

With the continuous development of the economy, people’s
living habits have changed, and many people suffer from
benign gallbladder diseases [1]. Studies have pointed out that
the incidence of gallstones in China is approximately 9.9% to

13% [2], and in the United States, the incidence of gallstones
is 7.2%, the incidence of cholecystitis is 2.1% to 4.2%, and the
incidence of gallbladder polyp is 4.9% to 5.86% [3]. Usually,
benign gallbladder disease does not threaten the life [4].
Studies have shown that the occurrence of gallbladder
disease will increase the incidence of cardiovascular disease
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and gallbladder cancer, increasing financial burden on the
patient’s family. Surgery is an effective way to treat benign
gallbladder diseases, especially laparoscopic cholecystec-
tomy (LC) [5]. It has been reported that LC can minimize
trauma and complications, reduce recovery time, and im-
prove postoperative quality of life. It has little impact on liver
and kidney function [6]. -e surgical site is mainly the right
upper abdomen, and LC surgery does not cause immediate
damage to the gastrointestinal tract [7], and the use of stable
analgesics affects the recovery of gastrointestinal function
after surgery [8]. 27.6% of patients undergoing LC surgery
have complications, such as difficulty in defecation and
severe intestinal paralysis [9].

Gastrointestinal dysfunction after the surgery affects
the patient’s quality of life [10], and the recovery of
gastrointestinal function is important [11]. Image seg-
mentation is a commonly used method to process medical
images [12], and it provides a scientific means for sur-
geons to locate, guide, and simulate [13]. Although LC has
been widely used in clinical practice, the anesthesia effects
directly affect the efficiency of the operation and the
patient’s feeling of satisfaction [14]. In the CT image
examination method, the CT image is sent to the EBW
workbench and MPR, MIP, MINP, and other post-
processing are carry out at the workstation. Anesthesia
can not only affect the immune function but also interfere
with the immune function through stress response. In
laparoscopic surgery, it is very important to use the ap-
propriate amount of anesthetic because anesthesia may
also increase the risk of perioperative accidents. Balanced
anesthesia can improve abdominal distension symptoms
and gastrointestinal adverse reactions. In this study, an
artificial intelligence-based algorithm was used to seg-
ment CT images to explore whether postoperative pre-
treatment can help improve gastrointestinal function after
LC surgery, providing a new method for clinical treatment
of the gallbladder diseases.

2. Materials and Methods

2.1. Research Subjects. A total of 180 patients in the hospital
from February 2017 to December 2020 were selected as the
research subjects. -ey were selected as per the following
inclusion criteria: (I) patients who met the diagnosis stan-
dard of this disease; (II) patients who had surgical indica-
tions and were classified as grades I to III according to the
American Society of Anesthesiologists (ASA); (III) aged
between 19 and 65 years old; and (IV) patients who had
signed an informed consent form. Exclusion criteria were as
follows: (I) patients who cannot speak or with audiovisual
problems and mental illness; (II) pregnant and lactating
patients; (III) patients with hyperthyroidism, immune
problems, blood diseases, trauma, fractures, and other
diseases that affected gastrointestinal motility; (IV) patients
with serious heart, lung, liver, or kidney diseases; and (V)
patients with ascites. Criteria for drug withdrawal: (1) se-
rious adverse problems and feelings occurred during
treatment; (2) during the experiment, the loss rate of subjects
was more than 19%.

Initially, a total of 200 cases were collected, and 20 cases
were excluded according to the exclusion criteria. -en, a
total of 180 patients were enrolled in this study, including
100 in the gallstone group and 80 in the control group. -e
gallbladder stone group included 30 cases of simple gall-
bladder stones, 32 cases of gallbladder stones with acute
cholecystitis (including acute episodes of chronic chole-
cystitis), and 38 cases of gallbladder stones with chronic
cholecystitis. -is study had been approved by the Medical
Ethics Committee of the hospital, and the family members of
the patients included in the study had signed the consent
form.

2.2. CT Scan. Philips 348-layer spiral CT (Britain) and EBW
workshop were used. Due to the small size of the saccular
artery, the angiographic contrast agent ioversol (269mg
I/mL) or iodohexanol (412mg I/mL) was used. -e arterial
phase scan gap was determined using the contrast agent
spontaneous targeting method. -e monitoring point was
set on the abdominal aorta on the top of the diaphragm, and
then the monitoring scan was started. When the observation
point threshold reached 149HU, the scan started, and the
scan delay time was 7.3 s. -e scan area was from the dia-
phragm to the iliac crest. -e venous phase scan was per-
formed 29 s after the beginning of the arterial phase, and the
patient held his breath during the scan (the patient was
trained to hold his breath before the scan). A double-barrel
automatic high-pressure syringe was used to inject 79–91mL
of contrast through the anterior vein of elbow joint. -e
injection flow rate was 4.9mL/s, and 18mL of normal saline
was injected later to flush the contrast.

Scanning parameters were as follows: tube volta-
ge—119 kV, tube current—287mAs, collimation—135
layers× 0.735mm, rotation time—0.45 s/r, spacing—0.887,
matrix—543× 543, and reconstruction algorithm—standard
(A).

2.3. Artificial Intelligence-Based Segmentation Algorithm.
-e CT images were sent to the EBW workbench for
postprocessing, such as MPR, MIP, and MINP. -e saccular
artery and saccular tube were highlighted first. To find the
gallbladder artery, first, it was needed to find the branch of
the gallbladder artery, and then the main part of the gall-
bladder artery was traced. To find the cystic duct, first, it was
needed to find the cystic duct in the neck area of the gall-
bladder, and then the location of common liver ducts was
traced. To reconstruct the triangle structure of the gall-
bladder, first, the direction of cystic duct was determined
through the venous phase image, and then the polygonal
shape of the gallbladder was reconstructed using MIP and
MPR techniques on coronary phase image.

-e bile duct segmentation algorithm is operated as
follows. (I) -e seed point is marked and included into the
stack. (II) From the stack, if the difference meets the con-
dition, the mark is put into the stack. If not, return to (II). If
these operations have been performed, the program will end.
(III) -e edge of the initial segmentation result is used as the
seed point.
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During image processing, convolution is performed on
each input pixel. For many problems, the linear expression is
far from the expected effects, so the activation function is
introduced. f(x)� 1/l+ e−x. -e function can be continu-
ously differentiated in the domain. It is easy to calculate and
has a wide range of application prospects. -e derivative
function is expressed as follows: F′(x)� f(x)∗ (1−f(x)).

It is assumed that the parameters of the neural network
are as follows: xd

l (d� 1,2, . . ., nd) is the input sample; then,
xd

l is the component of each sample, ugl is the weight of xd
l

and the g-th neuron, and Clg is the output; then, the input
and output will satisfy the following equation:

dClg

dt
� 

n

i�1
uglx

d
l − Υ Clg . (1)

In the equation, the weighted cumulative sum of


n
i�1 uglx

d
l input and Υ(Clg) is a function to slow down the

change speed of Clg, which is simplified as follows:

Clg � σ 
n

l�1
ulgx

qd

l
⎛⎝ ⎞⎠, (2)

where σ(∙) is a monotonically rising nonlinear function and
ulg’s learning meets the law and comes to the following
conclusion:

duJ

dt
� αClgx

d
l − β Clg ωS

. (3)

When Clg∈ [0, 1], Clg satisfies Clg � o, β(Clg)� 0, Clg � 1,
and β(Clg)� α, then equation (4) can be obtained:

dωji

dt
� α x

q
i − ωj , Cij � 1,

dωji

dt
� 0, Cij � 0.
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⎪⎪⎪⎪⎪⎪⎩

(4)

-e learned weight can be obtained from (4), ugl is
getting closer and closer to the input Xk

l , and the overall
result makes the automatic sorting of some irregular inputs
and the distribution of weighted values similar to the
probability density distribution of input samples.

Convolutional neural network (CNN) is a common deep
learning algorithm. -e process is as follows: (I) it is trig-
gered by the human visual system; (II) it constantly changes;
and (III) it is formed in a multilayer neural network suitable
for image processing and recognition. Figure 1 shows the
structure of a classic CNN composed of a convolutional
neural layer and a normalization layer.

2.4. Anesthesia and Treatment. 0.4mg of atropine and 0.2 g
of phenobarbital were injected intramuscularly 40min be-
fore surgery. In the observation group, midazolam 0.2mg/
kg, propofol 3mg/kg, remifentanil 2 μg/kg, and vecuronium
0.2mg/kg were administered. During the surgery, propofol 4
～5mg/(kg·h) and remifentanil 9～11 μg/(kg·h) were

injected intravenously, and vecuronium bromide was ad-
ministered according to the specific situation. In the control
group, fentanyl 6 μg/kg, midazolam 0.2mg/kg, disoprofol
3mg/kg, vecuronium 0.2mg/kg, and 0.7%∼2.5% isoflurane
were used for anesthesia. -e rest was the same as the
observation group. Both groups discontinued the drug at the
end of the surgery. -e operation time was 40 to 80 minutes.

In the observation group, preoperative balanced anes-
thesia was adopted, and the patient took the supine position.
80% alcohol was used to disinfect hands and needles before
surgery. If the patient had not defecated for 4 days after the
surgery, the course of treatment was terminated.

In the control group, general anesthesia was adopted,
and the patient took a supine position. Before the operation,
alcohol was used to disinfect the hands with 80% alcohol.
-e needle hole was pressed with a sterile cotton swab or
cotton ball to prevent bleeding. If the patient had not def-
ecated for 4 days after the surgery, the course of treatment
was terminated.

2.5. Observation Indicators. In terms of the image seg-
mentation effects, the image segmentation index was used.
On the test set, the prediction results obtained by the
segmentation algorithm were compared with the actual
results. -e correct pixel resolution was called “positive,”
and the wrong pixel resolution was called “negative.” A
two-dimensional matrix was used to calculate. Table 1
shows the evaluation index matrix and the image seg-
mentation entanglement matrix. TP is true positive, FP is
false positive, FN is false negative, and TN is true negative
(Table 1).

According to clinical signs, symptoms, and CT scan
results, gallstone patients were divided into simple gallstone
group, acute jaundice gallstone group (including acute at-
tack of chronic jaundice), chronic jaundice gallstone group,
and chronic cholera group. (I) Simple gallbladder stone
group: CTresults showed gallbladder stones, and the surface
fat around the gallbladder was clean. (II) Gallbladder dis-
solution with acute cholecystitis group (including acute
attack of chronic cholecystitis): CT results showed that the
gallbladder volume increased and the volume of fat around
the gallbladder increased. (III) Gallbladder stones with
chronic cholecystitis group: CT results showed that gall-
bladder stones were accompanied by gallbladder wall
thickening (wall thickening) and the fat space around the
gallbladder was clear.

2.6. Statistical Analysis. SPSS 16 was used to process the
data. -e continuous variables were expressed as mean-
± standard deviation, and categorical variables were
expressed by percentages.-emean comparison of two pairs
of continuous variable data adopted t-test, the mean of
continuous variable data used analysis of variance, and the
mean comparison of two groups and more than two groups
adopted the chi-square test. P< 0.05 was the threshold for
significance.
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3. Results

3.1. Basic Information of the Patients. After t-test and chi-
square test, there was no statistically significant difference in
age, gender, and contrast agents between the gallbladder
stone group and control group (Table 2).

3.2. Image Segmentation Effect Based onArtificial Intelligence.
-e main technical indicators are as follows: the automatic
segmentation accuracy is greater than 79%; the recon-
struction of the liver allows observation in multiple di-
mensions, and the reconstruction accuracy is not lower than
the original CT resolution; the calculation error is less than
9%; and the volume of the whole liver, liver segment, the
removed liver, and residual liver is less than 9%. Conclusion:
the simulation accuracy of virtual liver surgery (conven-
tional liver resection and irregular liver resection) was not
lower than the original input CT resolution. Figure 2 shows
the segmentation results of the target area in the CT image.

3.3. Evaluation Indicators of Treatment Effects. -e first
postoperative exhaust and defecation time was compared
with that of the control group, and there was statistically
significant difference (P< 0.05), as shown in Figures 3 and 4,
suggesting that both of the two methods can reduce the time
before the first exhaust and defecation after LC, but the
balanced anesthesia observation group showed better
therapeutic effects with shorter time before the first exhaust
and defecation after LC.

-e recovery time of bowel sound in the observation
group was shorter than that in the control group, and the
difference was statistically significant (P< 0.05), suggesting
that the balanced anesthesia observation group showed
better therapeutic effects with shorter recovery time of bowel
sound. As shown in Figure 5, balanced anesthesia can reduce
the recovery time of bowel sound after surgery. -e patients
can accept acupuncture and moxibustion in advance to
dredge the meridians and strengthen the gastrointestinal

movement, so as to enhance the therapeutic effects. -e
recovery time of tinnitus in the observation group was
14.38± 5.5. -e recovery time of bowel sound in the ob-
servation group was 12.87± 4.67.

Figure 6 shows the postoperative abdominal distension
in the observation group and the control group. It was noted
that there was statistically significant difference between the
two groups (P< 0.05). It was proved that preoperative
balanced anesthesia can alleviate the degree of abdominal
distension after surgery. -ere was also a statistically sig-
nificant difference in the abdominal pain after LC between
the two groups, as shown in Figure 7. It suggested that
balance anesthesia can alleviate the degree of abdominal
pain.-ere was no statistically significant difference between
the two groups in the improvement of abdominal pain after
LC, which may be related to the small sample size.

Figure 8 shows the gastrointestinal function after the LC
surgery in the observation group and the control group. It
was noted that abdominal distension scores of the two
groups were statistically significant at 22 h and 46 h after
surgery (P< 0.05), while there was no statistically significant
difference between the two groups at 46 h and 70 h after the
operation (P> 0.05). -ere was statistically significant dif-
ference in abdominal distension after the LC surgery be-
tween the two groups (P< 0.05). Hence, it was inferred that
both the observation group and the control group could
improve the symptoms of gastrointestinal reactions after
surgery, and both groups alleviated the symptoms of gas-
trointestinal reactions at 46 h, but the observation group had
better results at 22 h after surgery. -e gastrointestinal re-
action of the two groups was relieved at 46 hours after
operation, which may be related to the promotion of gas-
trointestinal motility after eating.

4. Discussion

In recent years, artificial intelligence technology has broad
application prospects in medical field [15].-e segmentation
effects are affected by the specific imaging mode, the body

Figure 1: CNN model.

Table 1: Confusion matrix.

Standard set
T (true) F (false) In total

Test
sample

P (judgment exists) TP (predicted result is positive, and
the actual result is positive)

FP (predicted result is positive, and
the actual result is negative)

P (the predicted result is
positive)

N (judgment does
not exist)

FN (predicted result is negative, and
the actual result is positive)

TN (predicted result is negative, and
the actual result is negative)

N (the judgment is
negative)

In total T (true) F (false) TP + FN+ FP+TN
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area, and the ability of the segmentation algorithm, and
some algorithms that have good results in ordinary images
cannot achieve the same effects on medical images [16].

-erefore, a medical image segmentation algorithm is re-
quired, and it is designed according to the specific imaging
mode, body area, and application scene. -e particularity of
medical image imaging modes has brought problems such as
medical artifacts and noise, affecting medical image seg-
mentation effects to general image segmentation. To en-
hance the adaptability and performance of the threshold
segmentation algorithm in the medical field [17], it needs to
be optimized to reduce the artifacts and noise. In China,
conventional CT plain scans for LC surgery have been
recognized and accepted by clinicians, but the importance of
CTenhanced scans in LC surgery has not been fully realized.
-is requires further research by imaging doctors [18].

LC has become the first choice for the treatment of
common gallbladder diseases, especially gallbladder stones
and cholecystitis. However, the incidence of gallbladder
artery hemorrhage and bile duct injury arising from LC is
not lower than that of open cholecystectomy. Inflammatory
adhesions of the gallbladder triangle lead to unclear display

Table 2: Basic information of patients.

Gallbladder stone group (%) Control group P value
Age 55± 2.4 50± 12 P> 0.05
Sex: Male 58.4% 58.3% P> 0.05

Female 41.5% 41.2%
Contrast agent P> 0.05
Iopamidol (Germany) (363mgI/mL) 52.9% 55.7%

(a) (b)

Figure 2: Comparison of patients before and after CT image segmentation. (a) CT image of the bile duct. (b) Segmentation of the target area
in the CT image.
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Figure 3: Comparison of the first exhaust time between the two
groups. ∗A significant difference between the two groups, P< 0.05.
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Figure 4: Comparison of the first defecation time between the
two groups. ∗A significant difference between the two groups,
P< 0.05.
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Figure 5: Comparison of the recovery time of bowel sound be-
tween the two groups. ∗A significant difference between the two
groups, P< 0.05.
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of part of the anatomical structure, which can be attributed
to the variations in the anatomical structure of the gall-
bladder triangle and small laparoscopic field of view [19].
With the continuous improvement of doctors’ surgical skills,
many open surgeries have now been replaced by endovas-
cular surgeries. -ere are high requirements on anesthesia
effects for laparoscopic surgery, and due to the short op-
eration time, better controllability is required. Remifentanil
is a short-acting synthetic opioid, characterized by fast onset,
short action time, repeated use without accumulation, and
strong analgesic effects. Propofol is a short-acting intrave-
nous anesthetic, which can be used in combination with
remifentanil to make up for the weak sedative effects of
opioids [20]. Currently, remifentanil combined with pro-
pofol intravenous maintenance anesthesia is the best choice
for the anesthesia for LC surgery [21]. -e convolutional
neural network in this research has the advantages of simple
calculation, clear image, and wide application prospect [22].
Balanced anesthesia can create better surgical conditions
than general anesthesia, which not only fully ensures the
safety of patients during operation but also ensures the
postoperative recovery of patients. Balanced anesthesia
could shorten the first exhaust and defecation time and
promote the recovery of postoperative intestinal sound. It
can reduce abdominal distension, abdominal pain, and
gastrointestinal adverse reactions.

5. Conclusion

In the study, it was found that balanced anesthesia treatment
can shorten the time before the first postoperative exhaust
and defecation and reduce the recovery time of postoper-
ative bowel sounds, and compared to other methods, there
are obvious differences (P< 0.05). Additionally, it can al-
leviate abdominal distension, abdominal pain symptoms,
and gastrointestinal adverse reactions. After the comparison
of the safety and effectiveness between the observation group
and the control group, it was concluded that balanced an-
esthesia is feasible and worthy of clinical promotion.
However, there are also many problems in the study. First, in
practice, despite the good image quality of the bile duct, due
to incomplete data, this study cannot measure the BMI of all
patients. -e artificial intelligence algorithm used in this
article has not been compared and analyzed with other
advanced algorithms, and it cannot prove the excellent
performance of the algorithm used in this article. Further,
the sample size is too small, and in the follow-up, an ex-
panded sample size is needed to strengthen the findings of
the study.
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