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In this study, the sinogram affirmed iterative reconstruction (SAFIRE) technology combined with low-dose computed tomography
(CT) scanning technology was applied to scan patients with cerebral hemorrhage to evaluate the application value of this combined
technology in the diagnosis of patients with cerebral hemorrhage. 132 patients with cerebral hemorrhage admitted to the hospital
were selected randomly as the research objects in this study. According to the patients’ wishes, all of them were rolled into an
experimental group and a control group. Besides, patients who were willing to use low-dose CT imaging scanning technology based
on the SAFIRE algorithm were classified into the experimental group, and those who received simple low-dose CT scans were
classified into the control group. Subjective score, objective score (meanCTvalue), image noise (SD), signal-to-noise ratio (SNR), and
contrast-noise ratio (CNR) were used to analyze and compare the two groups of detectionmethods.,e results showed the following:
(1) ,e average result of CT images was 4.05± 0.28 points for the control group and 4.43± 0.59 points for the experimental group.
According to the classification, the excellent and good rates of the experimental group (89.9%) weremarkedly higher than the rates of
the control group (65.8%), with a statistically obvious difference (P< 0.05). (2) ,e standard deviation (SD), image signal-to-noise
ratio (SNR), and contrast-noise ratio (CNR) results of graymatter, whitematter, and cerebral hemorrhage lesions of patients from the
experimental group were better than those of the control group, and the differences were statistically significant (P< 0.05). In
conclusion, the image quality of a low-dose CTscan reconstructed by the SAFIRE algorithmwas superior to that of a simple low-dose
CT scan. In other words, the image quality of CT images could be guaranteed by the SAFIRE technology under the condition of
reducing radiation dose. It enabled patients with cerebral hemorrhage to carry out diagnostic examinations with guaranteed accuracy
under the risk of low radiation and provided better imaging services for patients with cerebral hemorrhage.

1. Introduction

Cerebral hemorrhage is a cerebrovascular disease that refers
to the bleeding caused by the rupture of the blood vessels of
the nontraumatic brain parenchymal tissue, which is a more
common clinical disease [1]. ,e main cause of cerebral
hemorrhage is the pathology of cerebrovascular tissue,
which is closely related to factors such as hyperlipidemia,
diabetes, high blood pressure, aging of blood vessels, and
smoking [2]. Patients suffering from intracerebral hemor-
rhage often take emotional excitement or excessive exertion

as the inducement, and there is a very high mortality rate in
the early stage of the disease, while most of those who survive
will have sequelae to varying degrees [3,4]. ,is disease
accounts for 20%-30% of all stroke patients and is charac-
terized by rapid onset, with the mortality rate of patients in
the acute stage reaching 30%-40% [5,6]. ,erefore, accurate
and timely clinical diagnosis is essential. At the present stage,
the main means of examination for suspected patients with
intracerebral hemorrhage is a craniocerebral computed
tomography (CT) scan. However, as the condition of in-
tracerebral hemorrhage is prone to recurrence and changes,
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multiple scans of intracerebral hemorrhage patients are
needed to determine the condition of the disease, so that the
clinical treatment plan can be changed [7,8]. ,e images
scanned by CT with the features of high resolution, clear
pixels, and no artifacts can provide clear diagnostic evidence
for the clinical treatment of patients. However, studies have
found that plain CT examination is a means of examination
with the highest radiation dose, and multiple CT scans will
lead to an increase in radiation dose, which will have adverse
effects on the health of patients [9,10]. ,erefore, the dose of
scanning ray should be reduced as far as possible while not
affecting the diagnosis of a cerebral hemorrhage.

,e sinogram affirmed iterative reconstruction (SAFIRE)
algorithm is a new iterative reconstruction algorithm devel-
oped by Siemens, which is an iterative reconstruction algo-
rithm based on the original data [11]. It can extremely reduce
the noises of CT images and has a significant effect on the
removal of spiral CTartifacts.,is algorithm can be applied in
CT image reconstruction to effectively improve the image
quality, which can further reduce the radiation dose of CT
scans [12]. Moreover, related studies have proved that the
improvement of SAFIRE technology can decrease the CTscan
dose without increasing the noise of the CT image, and the
impact on the image quality is relatively small [13].

,erefore, the SAFIRE algorithm was combined with
low-dose CT scanning technology in this study to greatly
reduce the amount of harmful radiation during the CT scan
of patients with cerebral hemorrhage and to normally show
the scanned CT images of the patients’ condition. In ad-
dition, the method was adopted in the examination and
diagnosis of the disease of patients with cerebral hemor-
rhage, to evaluate the diagnostic value of the method,
thereby providing a more advantageous and less harmful
examination method for the diagnosis and treatment of the
disease of patients with cerebral hemorrhage.

2. Research Methods

2.1. ResearchObjects. In this study, 132 patients with cerebral
hemorrhage were selected randomly as the research objects,
who were admitted to the hospital from May 2018 to March
2021. Among them, 79 were male patients and 53 were female
patients; they were 35–75 years old, with an average age of
56.67± 3.31 years old. ,en, all patients were divided into the
experimental group and the control group based on their
wishes. 59 patients who were willing to be examined by the
low-dose CT imaging technology based on the SAFIRE al-
gorithm were assigned to the experimental group. Other
patients who did not want to use the combination method
were examined using conventional low-dose CT scans and
assigned to a control group of 73 patients. In addition, this
study was approved by the Medical Ethics Committee.

2.2. CT Examination and SAFIRE Technology Reconstruction

2.2.1. CT Examination. All patients were examined by low-
dose CT scanning, and the scanning equipment used was
Siemens Dual-Source Flash CT (SOMATOM definition
Flash, Siemens Healthcare, Forchheim, Germany).

Scanning position of the patients: they took the supine
position, the head was placed on the head frame, the
mandible was retracted, the sagittal plane of the skull and
body coincided with the midline of the mesa, the two ex-
ternal ear holes were equidistant from the mesa, the hands
were placed on both sides of the body, and the scanning
baseline was the auditory canthus line. Besides, the specific
scanning method is shown in Figure 1.

2.2.2. SAFIRE Technology Reconstruction. ,e CT images of
the patients in the experimental group were reconstructed
using the SAFIRE algorithm. ,e brain CT reconstruction
parameters of the SAFIRE iterative algorithm were SAFIRE
3, and the convolution kernel J30s medium smooth. ,e
conventional CT images of the control group were used as
the scanning results of the examination. SAFIRE algorithm
introduced two sets of cyclic iteration based on the initial
iterative reconstruction technology.

First, the iterative process in the image domain: the
original data are used to reconstruct the image, and the
image prior knowledge is used to perform repeated iterative
correction in the image space. ,is process is image
denoising, which does not reduce the contrast of the image.
It is assumed that the initial image is X; then, ΔX updates a
correction value each time.

ΔX �
ΔXk, k≤ qi ≤ 0( 􏼁,

ΔX1,
􏼨 (1)

where k represents the iteration sequence number and qi

represents the real number.
Second, the result of image domain iteration is trans-

formed into the original data domain. A CT simulator is
established in the computer, the result of image domain
iteration is used as the inspection object, and the simulated
scan result is obtained through calculation. ,e difference
between the simulated scan results and the actual original
data is used as the noise template, which is converted to the
imaging domain by FBP and superimposed on the last
reconstructed image, and the iterative reconstruction of the
image domain is carried out again. ,is cycle is repeated 1.5
times to obtain the final diagnostic image.

2.3. Evaluation Indicators

(1) CT images of patients from the two groups were
scored subjectively according to the scoring criteria
[14], as shown in Table 1. ,e main method was to
average the scores of two clinically experienced chief
physicians (more than 20 years of working experi-
ence) based on the gray-white matter boundary,
sulcus, cistern display, image sharpness, and diag-
nostic acceptability. Moreover, there were 5 grades,
including unqualified (1–2 points), qualified (3
points), good (4 points), and excellent (5 points); the
grading was carried out based on the above. Fur-
thermore, the excellent and good rate � (the number
of the excellent + the number of the good)/total cases
× 100%.
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(2) CT images of patients from the two groups were
objectively scored, including the average CT
values of gray matter, white matter, cerebral
hemorrhage, standard deviation (SD) of the image
noise, signal-to-noise ratio (SNR), and contrast-
noise ratio (CNR). Average CT values were
measured at the body level of the lateral ventricle,
and the region of interest (ROI) was set at 5 mm2.
Cerebral sulci and blood vessels were avoided as
far as possible during measurement. Image noise
refers to the standard deviation (SD) of average
CT value. ,en, the expression equation of SNR
and CNR is as follows:

SNR �
CTP

SD
,

CNR �

CTP′
− CTP″
SD

,

(2)

where CTP is the average CT value, CTP′
is the av-

erage CTvalue of cerebral hemorrhage focus, CTP″
is

the average CT value of brain parenchyma, and SD is
the standard deviation of background SD [15].

2.4. Statistical Methods. ,e SPSS22.0 statistical software
system was used for data entry, sorting, and statistical
analysis. ,e count data were compared by X2 test, and the
measurement data were compared by the t-test. Analysis of
variance (ANOVA) was used for comparison of multiple
sample average values, the least significant difference (LSD)
method was used for homogeneity of variances, and the
Dunnett’s T3 method was used for heterogeneity of vari-
ances. Besides, P< 0.05 indicated that the difference was
statistically substantial. ,e Kappa test was conducted for
the consistency of subjective scores of the two physicians.
When Kappa >0.75, the consistency was strong; when
0.4≤Kappa <0.75, the consistency was moderate; and when
Kappa <0.4, the consistency between the two was poor.

3. Results

3.1. Comparison of General Treatment. ,e statistics of age,
sex, bleeding location, causes of intracerebral hemorrhage,
and other general data of patients in the experimental group
and the control group was performed (Table 2). In terms of
gender distribution, the proportion of male patients was
60.27% (44/73) in the control group and 59.32% (35/59) in
the experimental group. ,e proportion of female patients
was 39.73% (29/73) in the control group and 40.68% (24/59)
in the experimental group. In terms of average age, the
control group was (54.67± 2.89) years old. ,e experimental
group was (56.01± 3.22) years old. As for the bleeding site,
putamen was 46.58% (34/73) in the control group and
47.45% (28/59) in the experimental group. Cerebral cortex
was 24.66% (18/73) in the control group and 27.12% (16/59)
in the experimental group. Cerebellum was 15.07% (11/73)
in the control group and 11.86% (7/59) in the experimental
group. ,alamus was 9.59% (7/73) in the control group and
8.47% (5/59) in the experimental group. Simple ventricle was
4.11% (3/73) in the control group and 5.08% (3/59) in the
experimental group. As for the causes of bleeding, traumatic
bleeding was 43.84% (32/73) in the control group and
45.76% (27/59) in the experimental group. Hypertensive
hemorrhage was 39.73% (29/73) in the control group and
38.98% (23/59) in the experimental group. Cerebral vascular
malformation caused hemorrhage: 16.44% (12/73) in the
control group and 15.25% (9/59) in the experimental group.
,e comparison of the above statistical results is not sta-
tistically significant (P> 0.05), suggesting that the research
results of the above two groups are comparable.

3.2. CT Imaging Manifestations of Different Parts of the Ce-
rebral Hemorrhage in Patients from the Control Group.
Figure 2 shows the CT image performance of different
hemorrhage sites of different patients with cerebral hem-
orrhage in the control group during this study. Figure 2(a)
shows a CT image of a patient with hemorrhage in the
cerebellum; Figure 2(b) shows a CT image of a patient with
hemorrhage in the putamen; Figure 2(c) shows a CT image
of a patient with hemorrhage in the hypothalamus;
Figure 2(d) shows a CT image of a patient with hemorrhage
in the ventricle. In the CT images of the above different

�e whole brain was scanned

Determine the location of the
lesion 

�e lesion were scanned by
LDCT 

Scan complete the
experimental group received

image reconstruction 

Scanning mode: axial
Scanning time: 1s

Matrix: 512×500×12
Layer thickness: 6 mm

Tube current: 100 MAS
Voltage: 120 kV

Detector array: 16×1.5
FOV: 25 cm

Figure 1: ,e specific operation process of CT scan.
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Table 1: Subjective scores and grading standards of the CT images.

Grade Score
(points) Display standard

Disqualification
1 ,e anatomical structure and lesion of the image were blurred and there were many artifacts, so it could

not be completely diagnosed.

2 ,e anatomical structure and lesion of the image were not displayed, so it was impossible to find the details
in the image.

Qualification 3 Most of the image anatomical structure and lesions could be diagnosed, but a few images were not clear.

Good 4 ,e structure, detail, and focus of the image were clear enough to make a diagnosis, but not very
satisfactory.

Excellent 5 ,ere was no artifact, and the image details and lesion sites were displayed, which could provide a clear
diagnostic basis.

Table 2: General clinical data statistics of the two groups of patients.

Experimental group (n� 59) Control group (n� 73)

Gender Female 35 (59.32%) 44 (60.27%)
Male 24 (40.68%) 29 (39.73%)

Average age (years) 54.67± 2.89 56.01± 3.22

Bleeding site

Putamen 28 (47.45%) 34 (46.58%)
Cerebral hemispheric cortex 16 (27.12%) 18 (24.66%)

Cerebellum 7 (11.86%) 11 (15.07%)
,alamus 5 (8.47%) 7 (9.59%)

Pure ventricle 3 (5.08%) 3 (4.11%)

Cause of cerebral hemorrhage
Traumatic 27 (45.76%) 32 (43.84%)

Hypertensive 23 (38.98%) 29 (39.73%)
Cerebrovascular malformation 9 (15.25%) 12 (16.44%)

(a) (b)

Figure 2: Continued.
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bleeding sites, bleeding high-signal shadows of different
areas and sizes could be observed, but the display was not
very clear and the resolution was not high.,e signal display
between the normal brain tissue was poor, and the boundary
line was not clear.

3.3. CT Imaging Manifestations of Different Parts of the Ce-
rebral Hemorrhage in Patients from the Experimental Group.
,e CT images of different sites of the cerebral hemorrhage
in different patients from the experimental group during this
study are shown in Figure 3. Besides, Figure 3(a) shows a CT
image of one patient with cerebellar hemorrhage; Figure 3(b)
shows a CT image of one patient with putamen hemorrhage;
Figure 3(c) shows a CT image of one patient with hypo-
thalamic hemorrhage; Figure 3(d) shows a CT image of one
patient with ventricular hemorrhage. ,rough the obser-
vation of CT images of patients in the experimental group, it
was found that the high and low signal display of this group
of images was very obvious, the lesion site was also very
clear, and the boundary between the lesion and the normal
tissue was clear.

3.4. Subjective Scores andGrading ofCT Images of theCerebral
Hemorrhage in the TwoGroups. By sorting and counting the
subjective score and grading of CT images of patients in the
two groups by two physicians (Table 3), the score of the
control group by physician A was 4.01± 0.23 points, and the
score by physician B was 4.09± 0.33 points. ,e score results
of the experimental group by physicians A and B were
4.34± 0.56 points and 4.52± 0.61 points in turn. ,ere was
no statistical significance in the comparison between the
data in the two groups (P> 0.05) (Figure 4). After the Kappa
test, the CT image quality scores of patients from the two
groups by two physicians were consistent (Kappa value was
0.75 and 0.78, respectively), and there was no statistically
marked difference in this comparison (P> 0.05).,e average
CT score of the two groups was 4.05± 0.28 points in the

control group and 4.43± 0.59 points in the experimental
group. ,ere were 45 cases rated as excellent and 8 cases
rated as good in the experimental group, so the excellent and
good rate was 89.9% (53/59). In the control group, 38 cases
were excellent and 10 cases were good, so the excellent and
good rate was 65.8% (48/73). ,rough comparison, it was
found that the excellent and good rate of grading in the
experimental group was significantly higher than that in the
control group (P< 0.05), and the quality of CT images in the
experimental group was higher than that in the control
group (Figure 5), suggesting that the diagnosticity of CT
images reconstructed by SAFIRE algorithm was higher.

3.5. CT Imaging Manifestations and Objective Scores of the
Cerebral Hemorrhage in Patients from the Two Groups.
By sorting out and comparing the objective scores of the CT
images of the two groups of patients, it was found that there
were certain differences in the average CT values of the gray
matter, white matter, and cerebral hemorrhage lesions of the
two groups of CT images, but there was no marked dif-
ference (P< 0.05) (Figure 6). However, the SD, image SNR,
and CNR results of gray matter, white matter, and cerebral
hemorrhage lesions in the experimental group were better
than those in the control group, and the differences were
statistically significant (P< 0.05) (Figure 7).

4. Discussion

Cerebral hemorrhage, a common sudden disease in clinical
practice, has the highest mortality rate in acute cerebro-
vascular diseases, and due to the frequent and recurrent
nature of this disease, it is necessary to carry out CT ex-
amination repeatedly for the diagnosis and treatment of the
disease [16]. Moreover, the diagnostic effect of CT on ce-
rebral hemorrhage disorders has been investigated by many
experts, and studies have concluded that CT can not only
display the location range, size, and the number of lesions of

(c) (d)

Figure 2: CT images of different parts of the cerebral hemorrhage in patients from the control group. (a) Cerebellum, male, 56 years old.
(b) Putamen, male, 55 years old. (c) ,alamus, female, 46 years old. (d) Ventricle, female, 48 years old.
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cerebral hemorrhage but also dynamically display lesions,
providing an effective basis for clinical treatment of cerebral
hemorrhage [17]. However, there is electrical radiation in the
operation of CT inspection, and repeated CTscans in a short
period have a great radiation risk, so the low-dose CT ex-
amination technology has become the focus of research in
recent years [18,19]. Some experts have conducted relevant

studies on the application of low-dose CT imaging tech-
nology in the examination of craniocerebral diseases, and
the results reveal that low-dose CT scan can form a good
contrast with the surrounding brain tissue, which provides a
basis for the application of low-dose CT scan in the ex-
amination of cerebral hemorrhage [20]. Later, there have
been some studies where experts have analyzed the

(a) (b)

(c) (d)

Figure 3: CT imaging manifestations of different parts of the cerebral hemorrhage in the experimental group. (a) Cerebellum, female, 50
years old. (b) Putamen, male, 43 years old. (c) ,alamus, male, 54 years old. (d) Ventricle, female, 57 years old.

Table 3: Subjective scores and grading of CT images of patients from the two groups.

Experimental group (n� 59) Control group (n� 73)
Kappa value 0.78 0.75
Subjective score (average value) 4.43± 0.59 points 4.05± 0.28 points

Grading

Unqualified 2 11
Qualified 6 14
Good 8 10

Excellent 45 38
Excellent and good rate (%) 89.9∗ 65.8∗

Note. ∗,e comparison is statistically significant (P< 0.05).
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application of low-dose CT scanning in the detection of a
cerebral hemorrhage. ,e results indicate that the low-dose
CT scan can achieve the same effect as routine dose CT scan
in the examination of patients with cerebral hemorrhage and
is conducive to reducing the radiation impact on patients, so

it has a good application value [8,21]. A recent meta-analysis
has shown that, in the low-dose CT imaging of patients with
atherosclerotic subarachnoid hemorrhage, if the radiation
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Figure 4: Comparison of the subjective scores from two physicians.
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Figure 5: Comparison of CT images of the two groups of patients.,e figure shows the two CT images of the cerebellar area of two patients.
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dose is reduced to 40% of the original dose level, the accuracy
of the diagnosis of cerebral perfusion injury will not be
affected [7]. However, some experts put forward that there is
an exponential relationship between tube voltage and ra-
diation dose, and reducing tube voltage can significantly
reduce radiation dose, but at the same time increase image
noise and reduce image quality [13,22]. ,erefore, with the
continuous improvement of multi-slice spiral CT technol-
ogy, the SAFIR technology has been studied.

In this study, when low-dose CT scanning technology
was used to examine patients with cerebral hemorrhage,
SAFIR technology was employed to reconstruct CT images,
and the results of routine low-dose CT scanning were
compared for the diagnosis of the disease. ,e results dis-
closed that the average CT scores of patients in the two
groups were 4.05± 0.28 points in the control group and
4.43± 0.59 points in the experimental group. ,e excellent
and good rate of the experimental group was 89.9% (53/59),
and the rate of the control group was 65.8% (48/73). Besides,
the SD, image SNR, and CNR results of gray matter, white
matter, and cerebral hemorrhage lesions in the experimental
group were better than those in the control group, and the
differences were statistically remarkable (P< 0.05), sug-
gesting that low-dose CT images after reconstruction by
SAFIR technology had more diagnostic significance. Some
experts have conducted a preliminary study on the clinical
application of low-tube voltage combined with iterative
reconstruction technology in CT examination of patients
with cerebral hemorrhage, and the results show that low-
tube voltage combined with SAFIR level 3 reconstruction
technology can effectively reduce radiation dose on the
premise of ensuring image quality.,erefore, on the premise
of ensuring diagnostic accuracy, the risk of ionizing radi-
ation of subjects can be reduced and better imaging services
can be provided for patients with cerebral hemorrhage [23].
Low-dose CT scanning combined with SAFIRE for the di-
agnosis of lumbar disc herniation (LDH) has been studied,
indicating that the image quality of low-dose CT scanning
combined with SAFIR LDH examination is no less than that
of the routine dose; compared with the routine-dose
scanning, low-dose CT scanning does not affect the diag-
nostic effect, and it is in good agreement with clinical di-
agnosis results, which also has ideal application value [24].
,ere is also research that evaluates the image quality of
Filtered Back Projection (FBP) and SAFIRE in the context of
low radiation and low-contrast CT scanning in aorta ex-
amination. ,e results have indicated that 70 kV combined
with SAFIR iterative reconstruction is feasible in the ap-
plication of pulmonary artery CT angiography. SAFIR has
lower noise than FBP and plays an important role in low-
dose studies [25]. ,e above results are similar to the results
of this study, showing the application advantages of SAFIR
technology.

5. Conclusion

In this study, SAFIR technology combined with low-dose CT
scanning technology was applied to scan patients with ce-
rebral hemorrhage, and the image quality under the

technology was compared with that under the low-dose CT
scanning technology alone, to evaluate the application value
of this combined technology in the diagnosis of cerebral
hemorrhage. ,e results showed that the image quality of
low-dose CT scan reconstructed by SAFIRE algorithm was
better than that of low-dose CT scan, so that patients with
cerebral hemorrhage could carry out diagnostic examination
with guaranteed accuracy under the risk of low radiation and
provide better imaging services for patients with cerebral
hemorrhage. However, this research still has certain limi-
tations, the comparison indicators are not perfect, and the
research content is not very representative. ,erefore, future
research will be strengthened and improved. In addition, the
application prospect of SAFIRE technology has been re-
flected to a certain extent.

Data Availability

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