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Abstract:

Purpose:

(TCM) chest CT examination.

Methods:

dose index (CTDIvolz) and axial size-specific dose estimate (SSDEz).

Results:

Conclusion:

Exploring the relationship between the signal-to-noise ratio (SNR) of organs and size-specific dose estimate (SSDE) in tube current modulation

Forty patients who received TCM chest CT scanning were retrospectively collected and divided into four groups according to the tube voltage and
sexes. We chose to set up the region of interest (ROI) at the tracheal bifurcation and its upper and lower parts in slice images of the heart, aorta,
lungs, paracranial muscles, and female breast, and the SNR of each organ was calculated. We also calculated the corresponding axial volume CT

The correlation analysis showed that the correlation between the SNR of the slice images of most organs and SSDEz was more significant than 0.8,
and that between the SNR and CTDIvol was more significant than 0.7. The simple linear regression analysis results showed that when the sex is
the same, the SNR of the same organ at 100kVp was higher than 120kVp, except for the lung. In multiple regression analysis, the result indicated
that the determination coefficients of the SNR and SSDEz of the four groups were 0.934, 0.971, 0.905, and 0.709, respectively.

In chest CT examinations with TCM, the correlation between the SNR of each organ in slice images and SSDEz was better than that of CTDIvolz.
And when the SSDEz was the same, the SNR at 100 kVp was better than that at 120 kVp.

noise ratio, ROIL.
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1. INTRODUCTION The volume CT dose index (CTDIvol) and dose length

Medical radiation has become the most prominent artificial
radiation source at present. Data showed that in 2016, the
collective effective dose caused by CT examination in the
United States accounted for 63% of the total effective dose, an
increase of 13% over 2006 [1]. Therefore, the principle of
radiation protection optimization should be strictly followed to
reduce the radiation dose of CT scanning.

* Address correspondence to this author at the School of Medical Imaging,
Bengbu Medical College, Bengbu, China; E-mail: yxwlx@126.com

production (DLP), the most commonly used metrics for
detecting CT radiation dose, only represents the radiation dose
received by a standard dose body model of 16cm or 32 cm
diameter, provide limited value in individualized radiation
exposure detection in patients [2]. These metrics tend to
underestimate slim patients and overestimate obese patients
[3]. To address this limitation, the American Association of
Physicists in Medical (AAPM) used the effective diameter
(DE) and the water equivalent diameter (DW) to calculate the
size-specific dose estimate (SSDE) [4, 5]. Related research
showed SSDE was more suitable for patients' radiation dose
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than CTDlIvol [6].

To minimize the patient's radiation exposure, tube current
modulation (TCM) is almost exclusively available in modern
CT scanners. This technique was used to adjust the tube current
in each slice based on the attenuation of different patient
positions to ensure image quality in different anatomical
structures [7]. But it's worth noting that TCM will decrease
tube current in lower attenuating regions. Literature showed
that although lowering the tube current will reduce the
radiation dose, at the same time, the image noise of the slice
image will also increase [8]. Therefore, the radiation dose
cannot be reduced blindly without regard to image quality [9].

Appropriate use of TCM can significantly reduce radiation
dose, and previous studies have evaluated the relationship
between radiation dose and image noise in patients with
phantoms or patients of different sizes [10, 11]. However, these
studies only considered CTDIvol as an indicator of a patient's
radiation exposure, which has limitations. Subsequent scholars
have considered SSDE, such as another study by Rajaraman et
al., which considered the relationship between different patient
sizes and SSDE as well as CTDIvol, and the results showed
that patients' effective diameter correlated with SSDE more
than with CTDIvol. And that using SSDE better characterizes
the actual radiation dose received by the patient [12]. Barreto et
al. compared the SSDE as well as the image noise of TCM and
FTC, and the results showed that although TCM can slightly
reduce CTDIvol, the image noise of TCM was higher than that
of FTC when Dw was less than 28.4cm [13]. While filling this
gap, the above studies still fail to quantitatively analyze and
compare the relationship between radiation dose and the
complex anatomy of the human body. With this in mind, Yurt
et al. investigated the changes in image noise of the liver, fat,
and aorta during dose reduction when applying the TCM
technique in abdominal CT, correlating the image noise of
organs within the slices images with the radiation dose. The
results showed that while the use of TCM reduced the radiation
dose by 10-35%, the noise in the liver increased by 9%, while
the aorta was more sensitive, with an increase of 46% [14]. It
was evident that the use of TCM technology reduces the
radiation dose and increases the image noise while reducing the
tube current value. Is it worthwhile to sacrifice image quality
for radiation dose reduction? According to the study of Yurt et
al., it can be found that the radiation dose sensitivity of the
images of different organs is different. For example, when the
radiation dose is reduced by half, the image noise of the liver
barely meets the requirements of clinical diagnosis. Still, the
noise of the aorta increases more, and it is not known if the
image noise of this place meets the requirements of clinical
diagnosis. To optimize the chest CT examination protocol with
TCM, the relationship between radiation dose and organ image,
SNR needs to be quantitatively analyzed. From there, it was
observed how the noise of each organ in the slice image
changes when the radiation dose is lowered and whether it
affects the diagnosis of one of the organs. Therefore, it is
inaccurate to describe the radiation dose during a patient's CT
examination by using it [15].

As mentioned above, this study will investigate the
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correlation between the SNR of different organs and SSDE in
the chest CT examination with TCM at different tube voltages
and sexes.

2. MATERIALS AND METHODS

2.1. Patient information

A total of 40 patients who underwent chest CT scans in the
First Affiliated Hospital of Bengbu Medical College from
January 2021 to October 2022 were retrospectively collected.
Inclusion criteria: no obvious artifacts and organic lesions in
the slice images. According to the tube voltage and sexes, they
were divided into four groups, with 10 patients in each group,
namely, 100kVp male group, 100kVp female group, 120kVp
male group, and 120kVp female group.

2.2. Study Protocol

The 256-row CT scanner (Revolution CT, GE Healthcare,
USA) was used for chest CT scans. All patients were placed in
a supine position. The parameters of chest CT scans of all
patients are as follows: the scanning field of view was 500 mm,
the matrix was 512x512, the scanning range was from the apex
of the lung to the bottom of the diaphragm, and the beam
collimation width was 80 mm; The reconstruction thickness of
slice images was 5 mm, and the slice interval was 5 mm; The
pitch was 0.992; When the tube voltage was 100kVp, the noise
index (NI) was 10.2, and tube voltage was 120kVp, it was 10.
The image reconstruction algorithm uses the AsiR algorithm
with 40% intensity (Fig. 1).

2.3. Image Quality

The SNR was used for objective assessments of the image
quality of slice images. In order to reduce the influence of
respiratory motion artifacts, three slices of tracheal bifurcation
and upper and lower layers were selected from the slice images
of the mediastinal window to depict the region of interest
(ROI) [16]. Selected organs with uniform density to delineate
ROI, ensure no calcification in the ROI range, and a similar
organ surrounded the periphery to avoid the abnormal noise
caused by uneven organ density and affect measurement
accuracy. Finally, ROI was selected in the lung, the central
area of the aorta, the mediastinum, the uniform muscle organ of
the bilateral humerus, and the breast of the female. The tissues
of the lung and female's breast are mixed, so the area of the
ROI for the lung and breast should be appropriately small in
order to ensure a uniform density of tissues in the ROI. In this
experiment, the ROI of the lung was 50mm’, the ROI of the
breast was 100mm’, and the ROI of other organs was 200mm’.
Fig. (2) shows the selected parts and size of the ROI. Three
ROI were delineated in each organ, the mean and standard
deviation (SD) of CT values were measured, and the average
was calculated to eliminate the inaccuracy of the data caused
by sampling errors. Based on the data obtained, the SNR of
each organ was calculated with the following Equation:
SNR=CTye/SDye;, Where CTy,, and SDyg,, were the mean CT
value and CT standard deviation of the region of interest of
each organ, respectively. The specific workflow is shown in

Fig. (1).
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[ Four groups of participants, a total of 40 patients with chest CT ]
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Fig. (1). Flowchart of each step used in this study.

Fig. (2). Demonstration of ROI selection in chest CT for male (a) and female (b). The locations of ROIs 1-4 are the lungs, mediastinum, aorta, and
muscles, respectively, and 5 represents the female breast.
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2.4. Radiation Dose

Image J software was used to read and record the CTDIvol
in the dose report of each patient and the tube current
modulation profile in the slice images. AAPM Report 220
proposed a method to estimate the SSDE based on the patient's
body size. First, the equivalent water diameter of each selected
slice was calculated according to Equation (1), and the
corresponding axial volume CT dose index (CTDIvolz) was
calculated according to Equation (2). Finally, the related
conversion factor f and the axial size-specific dose estimate
(SSDEz) of each slice image were calculated according to
Equations (3) and (4).

Dw =2 x \/ (1+CTg;/1000)Areage, / )

CTDIvolz = CTDIvol/mAs X mAs(z) ?2)
f(Dw(z)) = 4.378094 x ¢~004331124xDw 3)
SSDEz = CTDIvolz X f(Dw(z) 6))

2.5. Statistical Analyses

We used SPSS, version 27.0 for Windows, to process and
analyze all statistical data. First, the radiation dose values and
SNR of each organ in four groups of data were tested normally.
Then, the independent samples t-test was used to examine the
differences in radiation dose between males and females. The
Pearson correlation test was used to analyze the relationships
between the SNR of each organ and the radiation dose in the
four groups. Then, the simple linear analysis was used to fit the
relationship curve between SSDEz and SNR of each organ.
Finally, the linear equations of SNR and SSDEz of all organs
in the slice image were fitted by multiple regression analysis,
which is used to observe how much the SNR of the images of
each organ changes when the radiation dose changes. A p-
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value < 0.05(two tails) was considered statistically significant.
3. RESULTS

3.1. Comparison of Radiation doses for Men and Women

The results of the independent samples t-test showed that
there was no significant difference in CTDIvolz between males
and females. Still, SSDEz and Dw were significantly higher in
females than in males, with p-values of 0.012 and 0.029,
respectively (Table 1).

Table 1. Comparison of SSDEz, CTDIvolz, and Dw for
males and females.

- Male Female P-value
Mean(SD) Mean(SD)
CTDlvol 0.1473(0.04892) 0.1581(0.0517) 0.852
SSDEz 0.2195(0.06205) 0.2267(0.05059) 0.012
Dw 24.4788(1.94548) 25.1983(2.50448) 0.029

3.2. Correlation between SNR and SSDEz, CTDIvolz in
Four Groups

As shown in Tables 2 and 3, the SNR of each organ in each
group was subjected to Pearson correlation analysis with
SSDEz and CTDlIvolz, respectively. The results showed that
The SNR of organs was positively correlated with both SSDEz
and CTDIvolz. The correlation coefficient of the SNR of most
organs with SSDEz was more significant than 0.8, and the
aorta in the 100kVp F group was less than 0.8, which was
0.685, but it is also significant. In most cases, the correlation
coefficient between the SNR and CTDIvolz was more
significant than 0.6 Except for mediastinum, lung, and breast in
the 120kVp F group, the remained correlation coefficient
between SNR and SSDEz was higher than that of CTDIvolz.

Table 2. Correlation between the SNR of each organ and SSDEz, CTDIvolz when the tube voltage was 100kVp.

Groups Tissues SSDEz CTDlvolz

SNR ... 0.835 0.827

SNR ,giasinum 0.855 0.847

100kVo M SNR cte 0.862 0.785
SNR .. 0.945 0.925

SNR r 0.685 0.684

SNR ciastinum 0.814 0.812

SNR jete 0.964 0.939

100kVR SNR ;. 0.918 0.916
SNR 4 0.951 0.946

Table 3. Correlation between the SNR of each organ and SSDEz, CTDIvolz when the tube voltage was 120kVp.

Groups Tissues SSDEz CTDIvolz
SNR ;i 0.784 0.664
SNR cqiastinum 0.826 0.715
120kVp M
SNR scte 0.808 0.694
SNR 0.762 0.655
SNR .., 0.875 0.829
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(Table 3) contd.....
Groups Tissues SSDEz CTDlvolz
SNR pediastinum 0.929 0.962
SNR juete 0.870 0.825
120kVp F
SNR 0.886 0.955
SNR s 0.853 0. 869

3.3. Simple Linear Regression between the SNR of each
Organ and SSDEz in the Slice Images

Fig. (3-7) represent the simple linear regression analysis
results of SNR and SSDEz under different tube voltages and
organs. The linear regression results indicated that the SNR of
each organ was strongly dependent on SSDEz when the tube
voltage was the same. Among the eighteen fitted curves, the R’
of the lung in the 120 F group was the highest at 0.9119, while
the R’ of muscle in the 120 M group was the lowest at 0.37129.
The remaining R’ were between 0.6 and 0.9 in most
relationships. Additionally, under the same sex, when SSDEz
was closed, except for lungs, the SNR of each organ when the
tube voltage was 100 kVp was generally higher than the tube
voltage is 120 kVp. Finally, the slopes of the equations were
greatest for the lungs and the breast, with the highest slopes of
286.71 for the lungs and 96.05 for the breast, while the slopes
for the remaining organs ranged between 10 and 20 in most
cases.

3.4. Multiple Regression Analysis between the Image SNR
of each Organ and SSDEz

Multiple regression analysis was performed on the SNR of
all organs and SSDEz in the four groups, and the linear
regression equation for each parameter among the four groups
was established, as shown below. The results showed that the
R’ of two groups of linear regression equations with 100 kVp
and 120 kVp for females was better than that for males, with R’
0f 0.934 and 0.971, respectively, P<0.001. R’ of the two groups
of males under the tube voltage were 0.905 and 0.709,
P<0.001.

(1) SSDEz120 M=0.029*SNRmuscle-0.001*SNRIung
+0.025*SNRmediastinum-0.02*SNRaorta-0.011

(2) SSDEz120 F=0.037*SNRmuscle+0.001*SNRIung
+0.003*SNRmediastinum+0.018*SNRorta+0.002
*SNRbreast-0.106

(3) SSDEz100 M=0.008*SNRmuscle+0.003*SNRIung
-0.001*SNRmediastinum+0.007*SNRorta-0.023

(4) SSDEz100 F=0.017*SNRmuscle+0.001*SNRIlung
+0.011*SNRmediastinum-0.004*SNRorta+0.005
*SNRbreast-0.005

4. DISCUSSION

The results showed that the SNR of chest CT tomography
was positively correlated with radiation dose; the higher the
radiation dose, the better the SNR. The correlation between
SNR and SSDEz in slice images was generally higher than that
of CTDIvolz, with CTDIvolz having a higher correlation only
in the mediastinum, lungs, and breasts of the 120F group
compared to SSDEz. Previous studies have shown that CT
image quality was highly correlated with radiation dose [17],

which was consistent with our conclusion. Hiroki Kawashima
et al. conducted a study on the equivalent material of the liver,
and the results showed that the relationship between radiation
dose and image quality was highly dependent on the patient's
body size [18], which indicated that the absorbed dose and
image quality of patients were closely related to the patient's
body size. Usually, larger patients need to increase exposure to
achieve the required image noise [5, 19, 20], so when exploring
the relationship between SNR and radiation dose, it is
necessary not to ignore the difference in body size. However,
most of the existing dose descriptions were based on CTDIvol,
which represents the radiation dose output by the CT scanner to
the CT index dose phantom but not the actual dose absorbed by
the patient [21]. The AAPM Report 220 put forward the SSDE
calculation method based on the Dw calculation [22]. The
difference between SSDEz and CTDlvolz is that it fully
considers the patient's body size. The relevant study showed
that if CTDIvol were used to characterize organ dose, it would
obviously underestimate the absorbed dose of organs by
approximately 30% - 48% [23]. At the same time, SSDE only
overestimated the absorbed dose of organs by approximately
11% [24]. Compared to CTDIvol, SSDE is closer to the
absorbed dose of various organs of the human body. It is more
reliable to use SSDE to represent the radiation dose actually
received by the patient, and its correlation with the quality of
the slice images was higher.

When comparing the SNR of each organ in slice images
under different tube voltages, we found that when the SSDEz
was uniform, the image SNR of the organ under a tube voltage
of 100kVp was higher than that of 120kVp in most cases.
Previous research showed that when the tube voltage was
constant, the higher the tube current, the better the image
quality [25]. Our results are in good agreement with those of
Kun Tang. et al. [26], who conducted a study on the effect of
tube voltage on CNR found that when CTDIvol is the same, the
CNR of 80kVp was higher than that of 120kVp. We speculated
that the possible results are as follows: when the SSDEz was
the same, the decrease in tube voltage from 120kVp to 100kVp
was often accompanied by a significant increase in tube
current. In CT imaging, the attenuation of X-rays that penetrate
the human body is determined by the photoelectric effect and
Compton scattering. The Compton effect is relatively
independent of photon energy, and the change is not obvious
with the change of the energy of X-ray photon. However the
photoelectric effect strongly depends on the energy of X-rays,
and the attenuation of the photoelectric effect is negatively
correlated with the energy of X-rays. The lower the energy of
X-ray photons, the stronger the photoelectric effect [27]. The
increase in low-energy X-rays caused by the decrease in tube
voltage in this experiment will ultimately increase the
probability of photoelectric effects occurring. This sudden
increase in the probability of low-energy X-ray photoelectric
effect has a positive impact on SNR, which will offset the
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negative impact of tube voltage reduction on SNR, and the
final SNR will even be better.

Observing the slopes of the equations for each organ in
Fig. (3-7), we find that as SSDEz changes, the lungs have the
largest slope, followed by the breasts, with little difference in
the slopes of the aorta, mediastinum and muscles for the rest.
These results suggested that the SNR of the lungs and the
female breast decreased rapidly as the radiation dose was
reduced, while the remaining organs' SNR was less affected.
Yurt et al. have conducted a similar study and found that on
abdominal CT examination, different organs showed different
reductions in SNR with decreasing tube current, with the aorta
showing the most severe decline. In comparison, our study
observed this sex difference in SNR changes and expanded the
range of organs selected for ROIs, making up for the
shortcomings of Yurt et al. [14].

Pearson's correlation analysis results showed that the
relationship between SNR and SSDEz was different between
sexes when the tube voltage was the same. The correlation was
generally better in females than in males. According to Table 1,
the mean value of SSDEz for females was 0.2267 mGy,
significantly higher than that for males. This indicates that the
radiation dose for female patients was significantly higher than
that for males at the same tube voltage. We hypothesize that
this is due to the fact that female patients tend to have higher
attenuation due to the presence of the breast when acquiring an
Antero-Posterior scout image of chest CT, which causes the CT
scanner to up-regulate the tube current value at that location
during TCM, thus resulting in a higher examined dose than in
males. Dalah ef al. retrospectively analyzed patients who had
undergone CT coronary Computed Tomography Angiography.
They showed that the mean mAs of female subjects was 146,
which was significantly higher than 131.9 in males, according
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to the sex grouping [28]. This is similar to our conclusion.

The multiple regression analysis was used to fit the SNR of
four organs in slice images of male patients and the SNR of
five organs in slice images of female patients, and the linear
regression equations of SSDEz and SNR were obtained with
SSDEz at this level. This study showed that the determination
coefficient of SNR and SSDEz was high, indicating that the
organ SNR in the slice images has a high linear correlation
with SSDEz. But these relationships were different between
different sexes. The determination coefficient was more
significant than 0.9 for females and slightly lower for males,
but both were greater than 0.7 The difference in the
determination coefficient between different sexes was mainly
due to the influence of the number of fitting parameters. There
were only four organ image SNRs in male chest sectional
images, while there is a breast in female chest organs.
Compared to males, more parameters were used to fit multiple
regression, so the determination coefficient of female patients
was better.

The limitations of this study are as follows: first, the data
of this study is less, and we only considered the SNR, an
objective image quality evaluation metric, as the parameter.
Only chest CT examinations were collected in this experiment.
We should consider incorporating CT of the abdomen and
pelvis for follow-up exams. Second, the anatomical structure of
the lung is complicated. The deviation of the noise
measurement may be significant, and some extreme samples
exist in some groups, so there may be sampling errors in the
data obtained. Finally, the image quality evaluation index only
uses the objective evaluation index SNR. Still, the slice image
quality should also refer to the diagnostic index, so the
combination of subjective and objective image quality
evaluation should be chosen in the follow-up study.
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Fig. (3). Simple linear regression between the SNR of the aortic image and SSDEz under different tube voltages.
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Fig. (4). Simple linear regression between the SNR of the mediastinal images and SSDEz under different tube voltages.
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Fig. (5). Simple linear regression between the SNR of the lung images and SSDEz under different tube voltages.
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Fig. (6). Simple linear regression between the SNR of the muscle image and SSDEz under different tube voltages.

® 100 F y=96.05"x-6.45
® 120F y=72.94*x-7.53

20 +

N
(&)
1

SNR breast
>
1

5 -
B 100 F R?2Linear: 0.90505
e o® ® 120F R?Linear: 0.72711
0 4
T T T T T T T T T
0.15 0.20 0.25 0.30 0.35
SSDEz (mGy)

Fig. (7). Simple linear regression between the SNR of the breast image and SSDEz under different tube voltages.

CONCLUSION generally higher than that of CTDIvolz, with CTDIvolz having
In summary, there was a significant correlation between a higher correlation only in the mediastinum, lungs, and breast
radiation dose and SNR in the TCM chest CT examination. of the 120F group compared to SSDEz. The determination

The higher the radiation dose, the better the SNR. When coefficient of multiple regression analysis using organ SNR
SSDEz was the same, the quality of 100kVp slice images was and SSDEz in slice images is excellent, and the image quality
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of various organs was associated with radiation dose. However,
the radiation dose predicted with these SNRs of multiple
organs was different, which is related to the tube voltage, sex,
and the number of fitted organs.

LIST OF ABBRAVIATIONS

SSDE = Size-specific Dose Estimate

TCM = Tube Current Modulation

ROI = Region of Interest

SNR = Signal-to-Noise Ratio

CTDIvol = Volume of CT Dose Index

CT = Computed Tomography
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