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This paper aimed to explore the application values of computed tomography (CT) imaging in the treatment of patients with severe
traumatic brain injury (STBI), to provide help in the treatment of STBI. In this study, 86 patients with STBI were selected as the
research objects and examined by CT based on a self-adaptive particle swarm algorithm (APSO). Besides, patients were treated
with hyperbaric oxygen, high-dose hormone shock, and naloxone hydrochloride. The results showed that there was a locally low-
density brain contusion and laceration injury area, spot-like high-density hemorrhage, and subarachnoid hemorrhage in the
images of CT examination. The ventricles of diffuse brain injury were compressed and reduced, and the white matter indicated that
the ventricles and cisterns became smaller. Asymmetric hemorrhage and subarachnoid hemorrhage were scattered at the white
matter junction. In short, subarachnoid hemorrhage, spot-like high-density hemorrhage at the injury site, and diminished
ventricles were typical CT imaging manifestations of STBI. Naloxone hydrochloride method could effectively alleviate the matrix
metalloproteinase-9 (MMP-9) (23.47 +3.45) and S100 calcium-binding protein B (S100B) (0.16 + 0.06) of patients, which had
reliable guiding significance for the later CT examination clinically.

1. Introduction

Severe traumatic brain injury (STBI) refers to a patient who
has suffered severe craniocerebral trauma, immediately
showing a deep coma after the injury (often moderate or
deep coma), and the coma time is generally greater than 12
hours [1]. Patients will have obvious neurological dys-
function, and their clinical manifestations include paralysis
of limbs, loss of sensation, and mental disorders. The pa-
tient’s vital signs change so that the pulse is weakened, blood
pressure is increased, and breathing is slower [2]. However,
the literature on STBI is not perfect. Computed tomography
(CT) applies the X-rays, y-rays, and ultrasound to scan a
certain part of the human body together with a highly
sensitive detector. It is featured with fast scanning time and
clear scanned images [3]. CT examination is the first choice
for diagnosing STBI. X-rays are employed to scan the

craniocerebral parts of the human body. The detector re-
ceives the X-rays at this level and converts them into visible
light. Then, the photoelectric signals are converted into
electrical signals that are transformed into numbers through
the processing of digitizers. The numbers are input into the
computer for data processing. The image formation process
is equivalent to dividing the selected layer into several
rectangular parallelepipeds with the same volume, called
voxels [4]. The X-ray absorption coeflicient of each voxel is
arranged into a digital matrix and stored on the optical disc.
Through the digitizer, each number in the digital matrix is
converted into black and white different gray squares that
are arranged in different matrices to form a CT image [5]. CT
can measure the site of STBI in the human body based on
different absorption rates and transmittance of X-rays to
different tissues, to obtain the data that can be input into the
computer to get the cross-sectional image of the brain injury,
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thereby accurately diagnosing the injury location [6]. CT
examination has high clinical diagnostic value, can offer
accurate diagnosis and treatment images, and provide an
effective reference basis for the formulation of treatment
plans. When the patient is in a serious condition, an
emergency CT examination can quickly scan the patient and
accelerate the speed of examination.

At present, brain CT image registration is mainly based
on the maximum mutual information measure, combined
with an eflicient and high-precision optimization search
algorithm to achieve. Due to a large amount of maximum
mutual information calculation and slow registration speed,
the performance of the optimal search algorithm has a great
impact on the efficiency and accuracy of registration [7].
Particle swarm optimization (PSO) is an optimal search
algorithm proposed in recent years with fast convergence
speed and high accuracy. It can improve the registration
speed by dynamically controlling the initial population of
the particle swarm while maintaining accuracy. Some
scholars have summarized the improvement of PSO by
domestic and foreign researchers and proposed the evolu-
tionary state estimation (ESE) strategy and the elite learning
strategy (ELS). Based on these two strategies, they have
proposed a self-adaptive PSO (APSO) [8]. For the regis-
tration of brain CT images, APSO selects the appropriate
initial population size and problem space range to improve
the search accuracy and speed of the algorithm [9]. Some
studies have pointed out that when the initial population of
APSO is in the range of [2] the optimal solution grows
logarithmically; in the range of (20, +00), the convergence
result has no obvious trend change; in the range of [2, +00),
with the increase of the initial particle number, the search
time increases exponentially. Therefore, while ensuring the
search accuracy of the algorithm, it is necessary to control
the initial population of the particle swarm to speed up the
registration speed. Naloxone hydrochloride is an opioid
receptor antagonist, which can competitively antagonize
various opioid receptors; clinically, it can improve cerebral
circulation and reduce brain injury [10].

In summary, patients with STBI were diagnosed under
the APSO-based CT imaging and treated with naloxone
hydrochloride and comprehensive treatment measurements.
Then, there was an analysis of STBI imaging characteristics
during the treatment and the clinical application of CT
examination. Therefore, the above would be of great sig-
nificance for the early diagnosis and improvement of the
prognosis of patients with STBI.

2. Materials and Methods

2.1. Selection of Research Objects. A total of 86 patients with
STBI, who underwent CT examinations in the hospital from
January 5, 2019 to June 15, 2020, were selected and divided
randomly into a control group and an experimental group.
Patients of the control group were 45.8 + 8.4 years old, and
the injury factors included external blow damage (6 cases),
high-altitude falling (10 cases), traffic accidents (25 cases),
and industrial accidents (2 cases). Besides, the pupil statuses
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of patients in the control group included unilateral dilation
(31 cases), bilateral dilation (6 cases), and sudden increase
and decrease (6 cases). There were 43 patients with STBI in
the experimental group, with an average age of 44.5+9.1
years. The injury factors included external blow damage (5
cases), high-altitude falling (8 cases), traffic accidents (27
cases), and industrial accidents (3 cases). Patients from the
experimental group had 3 pupil states, including 29 cases
with unilateral pupil dilation, 5 cases with bilateral pupil
dilation, and 9 cases with sudden pupil enlargement and
reduction. This experiment had been approved by the Ethics
Committee of the hospital, and the participating patients or
their authorized clients had signed the consent forms for the
experimental protocol.

The criteria for inclusion were defined as patients who
had the brain CT scanning results meeting the imaging
characteristics of STBI, had the points of Glasgow coma
score (GCS) that were <8 points, had clear experience in
violent injury, and had abnormal pupils.

The criteria for exclusion were defined as patients who
suffered from other major diseases at the same time, had
brain tumors, and had a history of psychiatric diseases.

2.2. Computed Tomography. The patient was examined with
a light-speed 16-slice GE CT scanner within the range of 45
minutes to 24 hours of injury. The scanning parameters
were as follows. The scanning layer thickness was 10 mm,
and the pitch was 0.75-1.5. The scanning conditions in-
cluded 512 x 512 of scanning matrix, 120 kV, 190 mA, 40 of
the field of view (FOV), and 2 seconds of scanning time.
Furthermore, 86 patients were reexamined. After more
than two CT examinations, the results could be compared
and judged.

2.3. Self-Adaptive Particle Swarm Algorithm. APSO was
added with ESE and ELS, so that it had stronger searchability
than the previous PSO and could better suppress the local
minimum. In the operation of the early algorithm, the
particles were scattered in various areas of the space, and
the number of population was also scattered. The ESE
strategy was proposed based on the best control PSO al-
gorithm. With the continuous progress of the algorithm,
the particles began to gradually gather together and con-
verge to the global optimal position. A large number of
studies had shown that the particle velocity update weight
W, the individual particle update coefficient B;, and the
global optimal position B, all followed different changing
laws in the optimization search process, thereby deriving
the evolution factor a. According to the changing law of the
evolution factor a, the search process of APSO could be
divided into four parts, including exploration, exploitation,
aggregation, and jumping out.

The evaluation process of ESE included 3 steps as
follows.

Step 1 was to calculate the average distance from a single
particle at the current position to all other particles. The
distance equation was shown as the following.
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In (1), h; was the average distance from the it particle to
all other particles, M stood for the population number of
particle swarm, and F expressed the dimension of the actual
problem.

Step 2 was as follows: h; represented the particle with the
best global position, and h, meant the best global position
value. h g of all h; was compared to find the maximum A,
and minimum h,,;, of the average distance from other
particles, to calculate the evolution factor e, which could be
expressed as

hg - hmin
a=—"———¢[0,1]. (2)

hmax - hmin

According to the changing law of evolution factor e, the
search process of APSO could be divided into four stages.
The first one was the exploration stage, as shown in

[0, 0<a<04,
5a -2, 0.4<a<0.6,
R (a){ 1, 0.6<a<0.7, (3)
-10a +8, 0.7<a<0.8,
L 0, 0.8<ac<l.

The second one was the exploitation stage, which could
be expressed as

0, 0<a<0.2,
10a -2, 0.2<a<0.3,
R,(a)4 1, 0.3<a<0.4, (4)
-5a+3, 0.4<a<0.6,
| 0, 0.6<a<l.

The third one was the aggregation stage, like

1, 0<a<0.1,
R;(a){ —5a+ 1.5, 0.1<a<0.3, (5)
0, 0.3<a<l.

The fourth one was the jumping-out stage, which was
represented in

1, 0<a<0.7,
R,(a){ 5a-35, 0.7<a<09, (6)
1, 0.9<a<l.

Step 3 included the following. The particle update weight
W, individual update speed coefficient B;, and global op-
timal position update coefficient B, were set based on the
evolution state of evolution factor e in step 3. The initial
weight W in the algorithm was very small in the exploitation
stage and larger in the exploration stage. It did not strictly
decrease linearly according to the times of iterations and the

time, and its changing law was similar to the law of evolution
factor a. The law could be expressed as follows:

W(a) = 0.4,0.9]Va € [0,1]. (7)

1+ 15620 ¢ :

In (7), W and a showed a relationship of S-shaped
bending change.

The classic PSO gave the empirical values of the pa-
rameters B; and B,, namely B; = B, =2, and the changes of
coefficients B; and B, were controlled by random numbers
in the interval [0, 1]. The solution effect of classical PSO was
better for the practical problems such as the small local limit
value and search range, but its effect was very poor for
practical problems with many local extremes. The equation
for the control mode of B; and B, in the APSO was as
follows:

[b;(g+1)—c;(9)|<di=1, 26 € [0.050.1]. (8)
In (8), 6 stood for the changing rate of B; and B,, which
was generally controlled at the interval [0.05, 0.1].
B; and B, were for further operation, to obtain
B, + B, =4, which could be expressed as
b.

b. = ! 4.0,
b,

i=1,2. 9)

Based on ESE, APSO made the search process of particle
swarm optimization to adjust the particle speed update
weight W, the individual particle update coeflicient B;, and
the global optimal position update coefficient B, according
to the above four evolution states. The random search of the
classic PSO was improved, and the stability of the algorithm
was enhanced.

The evaluation process of ELS included the following.

Assuming that the historical optimal solution vector of
the global position was Q?, the current worst solution was
QZ). Besides, Q% and Q;f) were the two attributes of the
current solution and historical best solution. The ELS
strategy randomly selected a dimension with equal prob-
ability to be denoted as Q7 that was for mutation by
Gaussian distribution, and the equation could be expressed
as follows:

Q* =Qd+(Xd _ x4

max min

) * Gaussian(y, 02). (10)

In (10), [X9 X%, ] stood for the space exploration
scope of the actual problem. Gaussian (4, 0°) was a
Gaussian distribution with mean y=0 and standard de-
viation o. The Gaussian distribution determined the
changing rate of ELS. The equation obtained by o was as
follows:

0= 0Omax — (Umax - Gmin) g (11)

In the ELS process, the historical best solution of Q?
was replaced by the result obtained by ELS when the
obtained objective function value was better than the
historical best solution of Q?. If the solution obtained by
ELS was between the historical best solutions of Q¢ and
Q?, the individually best solution of Q% was replaced by



this value; otherwise, this value replaced the current
solution of Qf, and finally, the particle position was
updated.

2.4. Treatment Methods and Clinical Effects of Severe Trau-
matic Brain Injury. After all the research objects were ad-
mitted to the hospital, 5 ml of blood was collected from the
cubital vein of each patient and stored at room temper-
ature for 1 hour without adding anticoagulants. The
specimens were centrifuged at 3,000 r/min for 5 minutes
with the help of corresponding equipment, and the su-
pernatant was aspirated and stored at —20°C. An auto-
matic enzyme-linked immunoassay analyzer was applied
in this experiment. Besides, the enzyme-linked immu-
nosorbent assay (ELISA) was adopted to detect the protein
levels of matrix metalloproteinase-9 (MMP-9) and S100-B
in the serum of each patient, and the detection was in
strict accordance with the operating procedures of the kit.
All patients were given active treatment methods after
admission, mainly including treating the injured parts,
reducing intracranial pressure, preventing infection,
maintaining water and electrolyte balance, and main-
taining acid-base balance. Patients of the control group
were treated with mild hypothermia, and the patient’s
body temperature was controlled by a mild hypothermia
treatment device and maintained at 32-35°C. Further-
more, patients of the experimental group were injected
with 0.3mgkg'-d™" of naloxone hydrochloride with
continuous intravenous drip based on the treatment of
patients in the control group. The treatment period of
patients in the two groups was 7 days.

The clinical efficacy evaluation included 4 types. The
first one was healing, namely the disappearance of the
patient’s clinical symptoms and abnormal vital signs. The
second one was the marked effect. It meant that the patient
was left with a moderate disability, but could take care of
himself or herself. The third one was the effective effect,
which indicated the patient was left with a severe disability
and was unable to take care of himself or herself. The
fourth one was no effect. The patient was in a vegetative
state or died. The total effective rate = (the number of
patients with healing + the number of patients with
marked effect + the number of patients with effective ef-
fect)/total number of cases x 100%. Finally, there was a
comparison of the occurrence of adverse reactions in
patients.

2.5. Statistical Methods. In this study, SPSS19.0 statistical
analysis software was used for data processing. The calcu-
lated data conforming to the normal distribution were
expressed by the mean +variance (X £ s), and the non-
conformity one was represented by the percentage (%).
There were comparisons on basic data of patients, statistics
of CT scanning results, the detection of serum MMP-9 and
S100-B levels, and the statistical ratio of treatment results. In
addition, P <0.05 meant that there was a statistically sub-
stantial difference.
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3. Results

3.1. Comparison of Adaptive Particle Swarm Optimization
with Basic and Quantum Particle Swarm Optimization
Algorithms. According to the simulation experiment in the
same environment, the basic PSO (BPSO), quantum PSO
(QPSO), and APSO were tested by Sphere, Shaffer, Grie-
wank, and Rastrigin functions. The results of different al-
gorithm test functions to optimize the time showed that the
search and positioning time of APSO was faster than that of
BPSO and QPSO (Figure 1). Different algorithms were
employed to measure the time to search for the optimal
solution of the four functions. According to the following
image, the optimal solution search and positioning of APSO
took less time than that of BPSO and QPSO. Combined with
the above results, it indicated that the four test functions
were adopted to detect the three algorithms, and APSO had
advantages over BPSO and QPSO.

3.2. Basic Data of Patients with Severe Traumatic Brain Injury.
There were a total of 86 patients with STBI, including 11
cases of external blow damage (12.79%), 18 cases of high-
altitude falling (20.93%), 52 cases of traffic accidents
(60.46%), and 5 cases of industrial accidents (5.81%)
(Figure 2).

3.3. Clinical and CT Imaging Characteristics of Severe Trau-
matic Brain Injury. Craniocerebral injury contained scalp
soft tissue injury, skull injury, and intracranial injury.
Moreover, the brain tissue injury included brain contusion
and laceration, intracerebral hematoma, and diffuse brain
injury (Figure 3). Early brain contusion and laceration of
brain tissue were displayed as hemorrhage, edema, and
necrosis; its clinical manifestations were headache, nausea,
vomiting, and disturbance of consciousness; and CT imaging
characteristics were locally low-density in the injured area,
scattered spot-like high-density hemorrhage, and sub-
arachnoid space hemorrhage, combined with intracerebral
hemorrhage, extracerebral hemorrhage, skull fracture, and
intracranial gas (Figure 4). Diffuse brain injury included the
increased extracellular fluid leading to brain edema, in-
creased intracellular fluid, brain swelling, and brain white
matter damage; CT imaging characteristics showed that
cerebral edema was compressed or disappeared in the
ventricle, and white matter damage was manifested that the
ventricles and brain pool became smaller, and asymmetric
small focal high-density hemorrhage and subarachnoid
hemorrhage were scattered at the white matter junction, and
there was no local occupying performance.

3.4. Comparison of Clinical Efficacy among Patients in the Two
Groups. After patients of the two groups were treated, the
total effective rate of patients in the control group was
66.77%, and the rate of patients in the experimental group
was 81.39%, indicating that the difference was statistically
obvious (P <0.05) (Figure 5).
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FIGURE 1: The optimization time of test functions for the three
algorithms. Note: A, B, and C stand for BPSO, QPSO, and APSO in
turn; *denotes that the difference was statistically substantial in
contrast to BPSO (P <0.05); and # indicates that there was a
statistically obvious difference in contrast to QPSO (P <0.05).
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FIGURE 2: Basic data of patients with STBL

3.5. Diagnostic Results of Computed Tomography Scanning.
There were CT diagnosis results of 86 patients with STBI,
including 12 cases of scalp soft tissue injury, 9 cases of skull
injury, 40 cases of diffuse brain swelling, and 25 cases of
brain contusion and laceration (Figure 6). In the images of
patients with diffuse brain swelling, the sulci became shallow
and the cistern became narrow. Figure 7 shows that the
sulcus and cisterns of 13 cases were significantly narrowed,
the compression of 17 cases was reduced, and 10 cases
suffered from total occlusion (Figure 7). There were 28 cases
with unilateral hemisphere swelling, 19 cases with midline
structural deviation greater than 6 mm and less than 10 mm,
9 cases with midline structural deviation greater than
10mm, and 12 cases with diffuse swelling of the bilateral
cerebral hemispheres. In addition, the symmetric

FIGURE 3: Scalp soft tissue injury.

[\

FIGURE 4: Contusion and laceration of left temporal pole.

compression of the ventricular system was reduced, the
sulcus became shallow, the cisterns disappeared, the cortex
presented a high-density shadow, and the gyri structure
disappeared so that the white matter CT value was abnormal;
there was no space-occupying effect in the brain, and the
midline structure shift was less than 6 mm (Figure 8).

3.6. Other Related Computed Tomography Diagnosis Results.
In addition to the above diagnosis of patients with STBI,
there were 41 cases of subarachnoid rupture, 18 cases of
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Ficure 7: CT diagnosis of diffuse brain swelling.

brain herniation, and 43 cases of skull fracture (Figure 9). All
patients underwent the surgery. After postoperative reex-
amination, it was found that the third ventricle and basal
cistern of 15 cases gradually changed from small to marked
narrowing, and those of 21 cases changed gradually from
partial narrowing to complete occlusion. Furthermore, 18
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FiGgure 8: CT diagnosis of unilateral and bilateral brain swelling.
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FIGURE 9: Other related CT diagnosis results.

cases were diagnosed for the first time as a brain contusion
or intradural hematoma during the reexamination.

3.7. Comparison of Protein Levels of MMP-9 and S100-B in the
Serum of Patients in the Two Groups. After treatment, the
protein levels of MMP-9 and S100-B in the serums of pa-
tients from the two groups were sharply lower than those
before treatment, and the difference was statistically con-
siderable (P <0.05). By comparing with the control group,
the protein levels of MMP-9 (23.47+3.45) and S100-B
(0.16 + 0.06) in the serums of patients from the experimental
group decreased more obviously after treatment, and
there was a statistically great difference (P < 0.05) (Figures 10
and 11).

3.8. Treatment Results of All Patients. The total number of
patients was 86, including 75 cases treated with surgery and
11 cases with conservative treatment. Besides, the conditions
of 59 patients were improved and the improvement rate was
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FiGgure 11: Comparison of the S100-B levels in patients from the
two groups. Note: *indicates there was a statistically obvious
difference compared with before treatment (P <0.05) and #
reveales that the difference was statistically considerable in contrast
to the control group (P <0.05).

68.6%, and 27 patients died with a mortality rate of 31.39%
(Figure 12).

4, Discussion

STBI is a common head injury, and patients will expe-
rience loss of consciousness, loss of memory function, and
neurological damage [11]. According to the statistics,
STBI is one of the critical causes of death of teenagers

68.61%

[ Improvement rate
Il Mortality rate

FiGure 12: The proportion of treatment results of patients with
STBL.

from head trauma [12]. CRASH-3 trial collaborators [13]
found that the clinical manifestations of STBI included
deep coma, abnormal vital signs, and slow breathing
immediately after injury, and the recovery cycle of con-
sciousness was long, which was similar to the clinical
manifestations of this experiment. The condition of STBI
often developed malignantly, and its mortality rate is as
high as 80% clinically. With the continuous progress of
China’s transportation industry, the incidence of head
trauma has a rising trend. In addition, diffuse brain
swelling accounts for about 20% of STBI. Relatively
speaking, it is difficult to treat. Falling into a coma for a
long time will lead to various complications and increase
the postmortality rate [14].

At present, the clinical diagnosis of STBI mainly adopts
CT examination. Compared with the image evaluation of



magnetic resonance imaging (MRI), CT examination takes a
short time and can be completed in 5 minutes during
emergency examinations, which can accurately determine
the degree of craniocerebral injury and save time [15]. CT
examination cannot be accurate to the subtentorial lesions of
the cerebellum, but it can accurately locate brain hematomas
and nonhemorrhagic foci [16]. Besides, it can clearly show
skull fractures and accurately diagnose fracture lines and
normal cranial lines. It was found in this study that CT
images of STBI typically presented the local low-density of
brain contusion and laceration, spot-like high-density
hemorrhage, and subarachnoid hemorrhage in the injured
area. Besides, the ventricle compression of diffuse brain
injury decreased or disappeared. Yamada et al. [17] con-
ducted CT impact assessment for patients with STBI, and the
manifestations of white matter were smaller ventricle and
cerebellum. In this study, the white matter ventricle was
smaller, and the junction was scattered with asymmetric
hemorrhage and subarachnoid hemorrhage, which were
consistent with the above research results. The application of
naloxone hydrochloride treatment in a mild hypothermia
environment reduced the protein levels of MMP-9
(23.47 +3.45) and S100-B (0.16 +£0.06) in the serums of
patients with STBI, suggesting that it could greatly improve
the conditions of patients with STBI and achieve good
clinical effects.

Positive treatment plans should be given to the patients
diagnosed with STBI. The main treatment measures in-
cluded subhyperthermia therapy, hyperbaric oxygen ther-
apy, high-dose hormone shocks, maintaining acid-base
balance, maintaining water and electrolyte balance, anti-
inflammation, and oxygen inhalation. Furthermore, patients
with large hematoma and severe cerebral edema in the
intracranial cavity should be treated with appropriate
surgery.

5. Conclusion

CT imaging was constructed based on APSO to diagnose
patients with STBI. They were diagnosed and treated
comprehensively with naloxone hydrochloride, high-dose
hormone shocks, maintaining acid-base balance, water
and electrolyte balance, anti-inflammation, and oxygen
inhalation. It was found that subarachnoid hemorrhage,
spot-like high-density hemorrhage at the injury site, di-
minished or disappeared ventricle, and the diminished
cistern was the typical CT imaging manifestations of
patients with STBI. The treatment of naloxone hydro-
chloride under mild hypothermia could markedly reduce
the protein levels of MMP-9 and S100-B in serums of
patients, indicating that it can alleviate the condition of
patients with STBI. The shortcomings of this experiment
were that the number of samples taken is limited and the
resulting data might have certain errors. In the future, the
sample range should be expanded for further research. To
sum up, the CT imaging characteristics were analyzed
during the treatment of patients with STBI, which had
very crucial clinical value for the early diagnosis of STBI
and the improvement of its prognosis.
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