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Correlation analysis of organ doses with dose metrics for patients
undergoing organ dose-modulated head CT examinations
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Background: The rapid advancement of computed tomography (CT) has greatly improved clinical
diagnosis but has also introduced new challenges in radiation protection. This study aimed to evaluate the
relationship between organ doses from Monte Carlo (MC) simulations and CT dose metrics for head CT
exams with organ dose modulation (ODM), and to develop a simplified method for estimating individual
organ doses.

Methods: A CT source model including the X-ray energy spectrum, bowtie filter, fan beam shape, and
rotational motion of the tube was constructed and validated. The modeling was divided into two different
exposure regions based on the ODM technical principles: the 100° range on the anterior side of the skull
(tube current reduction region) and the remaining 260° (tube current constant region). The source model
was validated by comparing the error between the MC-simulated weighted CT dose index (CTDI,) and the
measured CTDI,. A total of 40 patients were retrospectively collected, and each patient’s voxelized head
models were constructed and used for MC simulation to calculate organ doses. The global volume CTDI
(CTDL,,), regional CTDI,,, size-specific dose estimate (SSDE), and organ-specific SSDE were derived
based on the exposure (mAs) and water-equivalent diameters of each slice image. Linear regression fitting
was used to explore the correlation between organ doses (including the brain, the eyeballs, the eye lens, and
the salivary glands) and the four CT dose metrics mentioned above.

Results: Comparison results for CTDI, showed that the simulated source model error was within 5%,
and the ODM model’s error was below 0.05%. Organ doses correlated strongly with organ-specific SSDE
(The R’ between each organ dose and corresponding organ-specific SSDE were 0.92 for the brain, 0.91 for
eyeballs, 0.90 for the eye lens, and 0.90 for the salivary gland). Estimation coefficients for estimating organ
doses of the brain, eyeballs, eye lens, and salivary glands from organ-specific SSDE were 0.34, 0.59, 0.48, and
0.26, respectively, as a mean across all patients.

Conclusions: There is a strong correlation between organ dose and organ-specific SSDE in ODM head
CT examinations. However, activating the ODM results in significant differences in estimation coefficients
for head CT exams with a fixed tube current, which provides a practical way to determine organ doses for

individual patients undergoing head CT scans.

Keywords: Computed tomography (CT); Monte Carlo (MC); organ dose modulation (ODM); size-specific dose
estimate (SSDE)
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Introduction

Computed tomography (CT) is widely used as the first
choice of imaging modality for the head, hypopharynx,
sinus area, and temporal bone (1). However, it is essential
to be aware that overexposure of the lens of the eye during
a head CT examination can result in radiation damage,
including cataracts, blurry vision, and clouding of the
eyeball (2,3). A team of researchers further found that the
incidence of benign and malignant tumors of the brain
increased dose-dependently with the frequency of head CT
examinations in children and young adults (4,5). Adhering
to the as low as reasonably achievable (ALARA) principle
emphasizes the importance of minimizing radiation dose
during a CT examination while ensuring that image quality
remains uncompromised, which is also suitable for head
CT examinations. Due to the high sensitivity of superficial
organs in the anterior of the skull to X-rays, organ dose
modulation (ODM) is an effective technique that enables
lower tube current when the tube moves to the anterior
of the patient’s body or head, thus reducing radiation dose
to sensitive organs such as the lens. This method also
presents great potential for achieving targeted protection of
superficial organs while maintaining overall image quality
(6-8).

During CT examinations, the implementation of
ODM technology has posed new challenges for accurately
estimating organ dose. Although Monte Carlo (MC)
simulation is the most precise method for calculating
individualized organ dose, it can also be time-consuming
and labor-intensive (9). In recent years, researchers have
developed the MC model based on graphic processing
unit (GPU) acceleration, which greatly improves the
computational efficiency, but this requires a certain level
of performance from the computer being used (10).
Since the exact algorithms for ODM are often unknown,
very little work has been done to explore organ dose in
ODM. As a result, there is a rising demand for a quick and
reliable method of acquiring organ dose during ODM CT
examinations. Numerous studies have revealed a correlation
between the organ dose derived from MC simulation and
alternative dose metrics. This link may be utilized to quickly
approximate organ dose in patients who have undergone
ODM CT examinations (11-16). Hardy ez 4/. discovered
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that the size-specific dose estimate (SSDE) had a high
correlation with organ doses in thoracic abdomen pelvic
CT examination (14). According to a study conducted by
Fujii et al., there is a significant correlation between the
organ dose estimated through MC simulation and organ-
specific SSDE in patients undergoing chest-abdomen-pelvis
CT examinations (16). Many studies have mainly focused
on determining organ dose in CT examinations through
fixed-tube current or Z-axis tube current modulation,
raising concerns about organ dose estimation with ODM
technology. This work aimed to develop a more accurate
and efficient method of determining the individualized
estimation of organ doses for patients undergoing head
CT examinations with ODM with Revolution CT scanner
from General Electric (GE) manufacturers (Chicago, IL,
USA), which was installed in the First Affiliated Hospital of
Bengbu Medical University in Bengbu, China. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-2061/rc).

Methods
Patient data collection

A retrospective study was carried out on a cohort of
40 patients who underwent head CT examinations utilizing
ODM between June 2023 and August 2023 at the First
Affiliated Hospital of Bengbu Medical University. The
examinations were performed on Revolution CT scanner
(GE Healthcare), where the ODM technology was enabled.
A specific description of the ODM technique is provided in
the Methods section, second paragraph of the CT scanner
modeling section.

This study was performed with the approval of Bengbu
Medical University Ethics Committee (No. 2021-292) and
was conducted following the guidelines of the Declaration of
Helsinki (as revised in 2013). The Ethics Committee waived
the need for informed consent for this retrospective study.

Construction of patient models

Quantifying the radiation dose delivered to various organs
of patients is crucial for ensuring radiation protection.
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Figure 1 Schematic drawing of the organ using 3D Slicer software.

However, direct measurement of organ doses using
dosimeters is both complex and challenging, but more
importantly, impossible for patients undergoing CT
examinations. In this regard, MC simulations have become
the first choice for accurate assessment of organ doses.
A total of 40 patients were included in this study, and
digital voxel models were created for each patient using
a series of steps: the slice images were imported into the
3D Slicer software (https://www.slicer.org/), and the skull
was outlined by setting the Hounsfield unit (HU) value
threshold range, whereas the brain was outlined using
automatic contouring. The lens, eyeballs, and salivary
glands were segmented manually. After segmentation, the
segmentation information was saved in Digital Imaging
and Communications in Medicine for Radiation Therapy
(DICOM-RT) format and imported into our GUI program
written in MATLAB (https://www.mathworks.com/
products/matlab.html) for voxelization. The elemental
composition and physical density of each organ in the head
voxelized model were defined based on the information in
the International Commission on Radiological Protection
(ICRP) Publication 110 (Figure I).

CT scanner modeling

Our CT source model and bowtie filter were constructed
using the methods developed by Turner ez 4/., including the
generation of equivalent energy spectra by the half-value
layer (HVL) method and the construction of bowtie filters
by the error of weighted CT dose index (CTDI,) (17). The

specific details are as follows: a pencil ionization chamber
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and aluminum sheets of different thicknesses were initially
employed to measure the HVL, with various tube voltages.
We then aligned the obtained HVL, values with the HVL
output from SPEKTR 3.0 spectroscopy software (18),
resulting in an equivalent energy spectrum at the designated
tube voltage. In this study, the intricate structure of the
bowtie filter presented difficulty in developing a precise
model due to the manufacturer’s lack of specific geometric
details. We created a simplified version to address this issue
by utilizing a rectangular body with an ellipsoid removed.
The usability of the constructed bowtie filter model
was validated by making the CTDI,, obtained from the
simulation have a small error with respect to the CTDI,,
measured in the field by adjusting the radius of the long and
short axis of the ellipse and the depth of its embedding in
the rectangle. The bowtie filter’s material was aluminum;
according to the procedures outlined by Gu and Pan ez al.
to generate a sector-shaped X-ray beam (19,20), the internal
cookie-cutter function of the Monte Carlo N-Particle
(MCNP) software was used as a generic source model for
Revolution CT to define the orientation and collimation of
the X-ray beam.

Based on the concept of “dose equivalence”, a certain
number of X-ray sources are set up within a certain distance
from the isocenter to simulate a CT single-slice axial scan.
In our parameter settings, this value was set to 62.56 cm
(corresponding to the source’s distance from the isocenter
in the Revolution CT user manual). It is worth noting that
the more X-ray sources used in the simulation, the more
accurate the results will be. However, an increase in the
number of sources is also associated with a much longer
simulation time, driving a need to strike a balance between
the number of sources and the accuracy of the simulation.
Gu et al. found that the errors between the simulated values
of CTDI,,, and the actual measurements were within 5%
for 24 and 32 sources during one X-ray tube rotation (19).
Therefore, we finally determined to set up 32 sources
around the patient. According to the Revolution CT user
manual, the ODM lowers the tube current in the +50° range
with 0 degrees at the anterior region of the skull, while
leaving the tube current in the other angles unchanged
in one rotation (Figure 2A), thus allowing dose reduction
of many sensitive organs in the anterior part of the head
and body. During the MC simulation, emitting two X-ray
energies simultaneously is quite challenging. Given that
the two different energies of the X-ray source utilized in
the ODM technique operate under the same tube voltage
while exhibiting different tube currents, we partitioned
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Tube current
reduction area

180° (P)

Combination of
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Figure 2 Schematic and modeling diagram of Revolution CT’s ODM technology. (A) Modulation of ODM technology. (B) Illustration

of 9 X-ray sources in the anterior region of a head CT scan for simulating the output of the exposure in the ODM range. (C) Model 2:

Ilustration of 23 X-ray sources within 260° and bowtie filters for simulating the exposure output without the ODM technique. (D) The

combined output of model 1 and model 2 represents a 360° source. A, anterior; CT, computed tomography; L, lef; ODM, organ dose

modulation; P, posterior; R, right.

the 360° distributed source into two segments for the MC
simulation. Each segment was designated an individual
exposure level, Model 1 (9 sources and 9 bowtie filters) for
the 100° and Model 2 (23 sources and 23 bowtie filters) for
the 260° (Figure 2B,2C). The results of these simulations
were subsequently aggregated to formulate what is referred
to as the equivalent 360° source model, which serves to
approximate the actual 360° CT scan (Figure 2D). Based on
the above principles, two individual scans of the same slice
are required.

Validation of CT scanner models

For the X-ray energies used in CT scanners, when a photon
comes into contact with an object, electrons resulting
from the photoelectric effect and Compton scattering are
assumed to travel in the direction of the primary photon,
and electron energy is deposited at the location where they
interact with the photon to satisfy the charged-particle
equilibrium (CPE) condition (21). Under this circumstance,
the collision-specific kinetic energy is approximately equal
to the absorbed dose of the organ, so the F6 card, which
is used to count the collision kerma, was chosen in this
study to record the energy deposition results. The F6 card
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normalizes the simulation results to individual particles
in Mev/gram/particle units. The conversion of the units
is carried out utilizing a conversion factor (CF), which is
calculated as follows:

_ CIDI,,,

= 1
CTDI, ¢ ]

where CTDI,y y is the CTDI,y, value in mGy/100mAs
for air at the isocenter of the CT gantry measured iz situ
in a pencil ionization chamber (RaySafe Xi; RaySafe
AB Corporation, Billdal, Sweden) and CTDI, s is the
simulated MC value in MeV/gram/particle for the same
scan protocol within a same simulation pencil ionization
chamber. The pencil ionization chamber parameters used
for the modeling were obtained from the manufacturers
(Figure 3).

To verify the accuracy of the CT source model, we have
compared experimental measurements with MC simulations.
The dose values of the CTDI phantom were measured
using the pencil ionization chamber, which was inserted
into each of the five holes of the phantom for experimental
measurement. The remaining holes were plugged with
polymethylmethacrylate (PMMA) sticks, except for that
filled by the ionization chamber, to obtain the CTDI}
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Figure 3 Geometry and material composition of the pencil

ionization chamber. L, length; R, radius.

values. For MC simulations, a CTDI phantom with a
diameter of 16 cm and a length of 15 cm was constructed
along with the pencil ionization chamber. Simulations were
performed to compute the CTDI,, values for the centers
and edges of the CTDI phantom, following a process

similar to that of the experimental measurement.

Validation of ODM technique models

It is worth noting that in verifying the feasibility of
performing a 360° scan in two parts, we verified this
separate simulation in the normal scan mode (same
exposure) because it was not possible to simulate both
exposures similarly to the ODM in MCNP in one rotation.
We used MCNP simulations to verify the error between
the air CTDI,, at the isocenter for 360° scans in normal
scanning mode (non-ODM mode) and the sum of air
CTDI,, at the isocenter for 100° (Model 1) and 260°
(Model 2) scans. Analysis was thereby conducted regardless
of whether the exposures has been simulated separately,
according to the angular range affects the final results.

Radiation dose metrics for bead CT examinations

Calculation of dose metrics

CTDI,,, as an important dose metric in CT examination,
has two notable limitations: first, with the application of
tube current modulation, it can only reflect the average
radiation dose over the entire scanning range, and is thus
unable to exhibit the difference of various organs. Based
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on this limitation, Khatonabadi et 4/. proposed the concept
of regional CTDI,;, which represents the CTDI,, at the
range where the studied organ is located (22). Second,
CTDI,, merely indicates the dose output by the CT
scanner to the standard CTDI dose phantom and lacks
consideration of differences in the body size of those being
analyzed. To address this concern, the American Association
of Physicists in Medicine (AAPM) Report 204 proposed
SSDE based on effective diameter, followed by improved
concepts in Reports 220 and 293 called SSDE based on
water equivalent diameter (WED) and organ-specific SSDE
(23,24). Both of these metrics are patient-specific and
effectively tackle the challenges of dose characterization
for patients with differing body sizes. In our study, four
radiation dose metrics were involved: dose-reported global
CTDI,,, organ-based regional CTDI,,;, SSDE based on
global CTDI,,, and organ-specific SSDE.

Calculation of the regional CTDI,,; for each organ first
requires obtaining the tube current modulation profile for
each patient. The organ-based regional CTDI,, can be
calculated based on the relationship between the average
tube current applied to the specific organ and the average
tube current used throughout the global scan range. The
calculation method is shown in Eq. [2].

Global CTDI,,, Y. i
I k

i

Regional CTDI ,, = 2]
where [, represents the mean tube current over all scan
range, 7 represents the tube current in the organ, »
represents the first slice of the organ, and # is the number of
slices occupied by the organ.

All slice images of 40 patients were imported using
Image]J software (National Institutes of Health, Bethesda,
MD, USA) and the region of interest (ROI) was outlined. A
method for calculating the SSDE based on the WED was
presented in AAPM Report 293. Taking a single patient as
an example: after loading all the slice images, the external
contour of the patient was outlined as the ROI using
Image]’s built-in threshold segmentation function; the area
of the ROI and the mean of the HU values were measured
and recorded. Subsequently, the WED was calculated
according to Eq. [3], and based on the WED, the body size
correction factor £ and the SSDE were derived using Eqs.
[4,5]. The equations are as follows:

1 A
WED =2, || —— HU (x, +1 |2kl 3
\/|:1000 (x y)ROI' :| T [ ]
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fH16 :axefﬂ*WED [4]
SSDE = £ x Global CTDI,, [5]

where HU (x, y)go; is the average HU value in the ROI, Ay,
is the area of ROL Of the constants given in Report 293:
0=1.9852, p=0.486.

Organ-specific WED was defined as the average WED
of the slice images corresponding to the z-axis position
of each organ. We obtained the organ-specific SSDE by
multiplying the organ-based regional CTDI,,; of each

organ by ﬁfgl:,, derived from the organ-specific WED. The

equations used are as follows:

1 n+k 1 A
WED,  _ =— 2| — HU (x, +1 | 2oL 6
organ k Zn \/[1000 ( y)ROI :l T [ ]

SSDE

organ

=CTDI,,; % fem [7]

where HU (x, y)zor denotes the average HU value in the
ROI delineating the patient’s body contour in each slice,

. H16 .
Agor denotes the area of this ROI, and f,,,, is the average

of the fH 6 2t all slices where the organ is located.

Calculation of organ dose for each patient

"The constructed CT source models of 100° and 260° moving
along the Z-axis direction of the voxelized head model were
used to simulate ODM scanning. The results were recorded,
accumulated, and summed as the total dose for each organ.
The GE Revolution CT user manual shows that the ODM
technique reduces the tube current in the anterolateral 100°
range by 30% in head CT examinations. In contrast, the tube
current in the remaining angles remains the same as when
the ODM technique is not enabled. Based on the modulation
principle of the ODM technique, the exposure (mAs) were
calculated for the modulated and non-modulated angular
ranges of tube current, respectively.

In order to determine the organ dose per slice within
each angular range, the simulation results’ units must be
converted from MeV/gram/particle to mGy/100 mAs
using the CF, as described in the section of Validation of CT
scanner models. Given that the F6 card normalizes the results
to individual particles, the equations for this calculation are

provided below:
Dy, =D, xCF
D,, =D, xCF

Ti2

—
O 0
— ==
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Dy, is the result of the MC simulation of each organ at
each slice of scanning for the 100° model, and Dy, is the
result of the MC simulation of each organ at each scanning
slice for the 260° model.

Dy, and Dy, were multiplied by the mAs of the
corresponding angular range in each slice, and the results
of the two parts were added up to be the radiation dose of
each organ in that slice; finally, the dose of each slice in the
scanning range was added slice by slice to obtain the organ
dose of each organ. The equation is as follows:

k 1, 1,
D, = Zi_I‘:DT” xﬁ—i—Dm xﬁ} [10]

in this equation, [, is the mAs in the 100° per slice range,
I, is the mAs value in the 260° per slice range, and k is the
number of slices occupied by the organ.

Statistical analysis

Correlations between organ dose and four dose metrics
(CTDI,,, organ-specific CTDI,,, SSDE, and organ-
specific SSDE) were assessed by linear regression fitting
using Origin software version 2022 (OriginLab Corp.,
Northampton, MA, USA). The determination coefficient,
R’, was also considered an important parameter to assess
the degree of correlation between the two-dose metrics,
with higher values of R indicating a higher degree of linear
correlation between the two variables.

Results
Validation of ODM technique models
Table 1 shows the results of CTDI,,, of the air at the

isocenter for the three source models in MC simulation
(100°, 260°, 360°). The results show that the error between
the CTDI,, of the 360° source model and the cumulative
CTDI,, of the Model 1 (100°) and Model 2 (260°) source
models is less than 0.05% for both collimations at all tube
voltages.

CF for bead CT examinations

In order to verify the CT source model and compute
organ dose values from head CT scan, we used a CF
responsible for translating the MeV/gram/particle from
the MC simulation outcomes to mGy/100 mAs. The CF
differs according to the scanning protocol employed, as
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Table 1 Comparison of CTDI,, of the air at the isocenter for the sum of two CT source models and for 360° scanning

kV Collimation (mm) 100° (Model 1) CTDl, oo 260° (Model 2) CTDl, Sum 360° model CTDl, o Error (%)
80 40 2.769E-09 1.233E-05 1.234E-05 1.234E-05 0.036
80 1.295E-09 8.894E-06 8.895E-06 8.894E-06 -0.016
100 40 2.506E-09 1.275E-05 1.275E-05 1.274E-05 -0.037
80 1.293E-09 8.484E-06 8.485E-06 8.489E-06 0.050
120 40 2.028E-09 1.317E-05 1.317E-05 1.317E-05 -0.009
80 1.039E-09 8.356E-06 8.357E-06 8.358E-06 0.015
140 40 2.140E-09 1.369E-05 1.369E-05 1.369E-05 -0.008
80 9.634E-10 8.339E-06 8.393E-06 8.390E-06 -0.038
CT, computed tomography; CTDl,q,, CT dose index 100.
Table 2 Dose conversion factors in head examinations
KV Collimation CTDl;o, measured in air CTDl,o, simulated in air CF
(mm) (mGy/100 mAs) (MeV/gram/particle) (mGyegrameparticle/100 mAs/MeV)
80 40 9.756 1.289E-05 7.567E+05
80 8.876 6.447E-06 1.877E+06
100 40 16.200 1.311E-05 1.235E+06
80 14.730 6.557E-06 2.246E+06
120 40 23.625 1.349E-05 1.752E+06
80 21.514 6.743E-06 3.191E+06
140 40 32.050 1.414E-05 2.267E+06
80 29.225 7.069E-05 4.134E+06

CF, conversion factor; CT, computed tomography; CTDlI,o, CT dose index 100.

shown in Tiable 2.

Validation of CT source models

The CTDI, of in-field measurements and MC simulations
with various scanning protocols were calculated. The
results of the comparison are shown in 7able 3. Notably, the
measured and simulated values differ within 5%.

Organ dose for bead CT scan with ODM technology

The correlations of organ doses for 40 individual patients
with the global CTDI,,, organ-based regional CTDI,,,
SSDE, and organ-specific SSDE were evaluated separately
using linear regression fitting, and estimation coefficients
(i.e., the slope) for estimating organ doses based on each
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dose metric were derived (for an example, see Figure 4).
The linear correlation between organ dose and organ-
specific SSDE (R’>0.90) was more robust than the linear
correlations between organ dose and the other dose value
metrics: global CTDI,, (R’>0.42), organ-based regional
CTDI,, (R’>0.52), and SSDE (R*>0.73). Based on derived
linear regression equations, the estimation coefficients using
organ-specific SSDE to assess the organ dose for the four
studied organs (brain, eyeballs, lens, and salivary glands)
were 0.34, 0.59, 0.48, and 0.26, respectively.

Discussion

This study involved creating two CT source models with
varying mAs magnitudes for organ dose calculation, utilizing
the ODM technique’s tube current modulation range,
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Table 3 Measured versus simulated CTDI,, values for different scanning protocols for head CT examinations

kV Collimation (mm) CTDI,, measured (mGy/100 mAs) CTDI,, simulated (mGy/100 mAs) Error (%)
80 40 6.170 5.984 3.113
80 5.452 5.444 0.134
100 40 10.804 10.981 -1.615
80 9.542 9.984 -4.428
120 40 16.527 16.896 -2.183
80 14.768 15.386 -4.022
140 40 22.904 23.557 -2.770
80 20.875 21.480 -2.817

CT, computed tomography; CTDI,, weighted CT dose index.
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the same methods as the papers of Huang and Papadakis
et al. (8,25). The results in Table 1 show that the maximum
discrepancy between the 100° and 260° models and the 360°
calculations was just 0.05% for different scanning protocols.
This result validated the feasibility of scanning a 360°
source model by splitting it into two parts. Based on Table 3,
the CTDI, values calculated using MC simulation agreed
with the experimental measurements, with an error rate of
less than 5%. This confirms that splitting the model into
two parts based on the angular range has minimal impact on
particle motion and deposition.

Compared with CTDI,,, SSDE is more effective in
reflecting the absorbed dose of the patients. However,
the value can only represent the individualized radiation
dose related to the patient’s body size with uniform tissue
attenuation. Although the organ dose calculated using
MC simulation is more accurate than other methods,
this method is time-consuming and laborious and cannot
be widely used in clinical practice. Therefore, our study
evaluated the correlation between organ doses calculated
using MC simulation and other metrics, including global
CTDL,,, organ-based regional CTDI,,, SSDE, and organ-
specific SSDE for the brain, eyeballs, lens, and salivary
glands. Based on Figure 4, it was found that the R’ between
organ doses and their respective organ-based regional
CTDI,,, SSDE, and organ-specific SSDE was significantly
higher than that of global CTDI,,, except for the brain,
where the R? between organ doses and global CTDI,,; and
organ-based regional CTDI,, was not significant. This
may be attributed to the fact that the brain covers almost
the entire scanning area in head CT examinations, and
therefore, the difference between brain-based regional
CTDI,, and global CTDI,,, is minimal. The organ dose
displayed a much stronger linear relationship with the
organ-specific SSDE than other dose metrics, with R’ values
of 0.92, 0.90, 0.90, and 0.90 for each respective organ. This
trend is consistent with the findings of Fujii er al. (16,26).
The main reason for this phenomenon is that, compared
to the global CTDI,,, which only indicates the output
radiation of the CT machine, the organ-based regional
CTDI,, takes into account the tube current variation with
the X-ray attenuation characteristics at each organ’s Z-axis
position. Meanwhile, SSDE considers both the patient’s
body size variations and tissue attenuation characteristics,
and the organ-specific SSDE considers all of these factors
simultaneously. Therefore, regression fitting using the
organ-specific SSDE offers a more precise estimate of the
organ dose than other metrics such as global CTDI,,,
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organ-based regional CTDI,,;, and SSDE.

Figure 4 demonstrates that the estimation coefficients
from SSDE to organ dose varied for different organs such as
the brain, eyeballs, lens, and the salivary glands. Specifically,
the estimation coefficients were 0.34, 0.59, 0.48 and 0.26,
respectively. Garzén et 4/. analyzed the correlation of the
SSDE with the organ dose for 139 head CT scans (11).
The results showed that the organ dose of the brain and
the eyes had a high correlation with SSDE (R’=0.98,
0.97), consistent with our study’s findings. However, the
estimation coefficients for the organ doses ranged from 1.12
to 1.38 and from 1.13 to 1.28, respectively, which differed
from the values obtained in our study. The disparities
between this experiment and Garzén ef al.’s study can be
attributed to two main factors. Firstly, the patients in this
experiment were exclusively adults, whereas Garzon et al.’s
study focused on pediatric patients aged 0-15 years.
Secondly, Garzoén’s study gathered data from 139 patients,
employing the fixed tube current technique. At the same
time, our study utilized the ODM technique in all cases.
This also indicates that the CF used in prior research to
estimate organ doses for head CT scans based on fixed or
Z-axis tube current modulation cannot be applied to the
ODM technique.

Studies have shown a strong correlation between organ
dose and WED, which characterizes the individual body
parameters (13,27). In addition to the method of estimating
the organ dose of the examinee using CT dose metrics, the
MC simulation method was used by Tahiri ez 4/. to explore
the feasibility of estimating the organ dose of head CT
examination based on WED (13). Their findings indicated
that after normalizing the organ doses using CTDI,, the
correlation between each organ dose and WED was highly
positively correlated for the brain (R’>0.92), eyes (R’>0.88),
and lens (R’>0.89). Regarding the R’ of patient organ dose
and organ-specific SSDE, our results are in high agreement
with those of Tahiri ez a/. McMillan e al. conducted a
study revealing that the dose of the brain and lens are more
closely related to a patient’s size in both spiral and axial
head CT examinations. This means that organ doses can
be predicted for the same CT scanner by considering the
patient’s body size and CTDIL,,; (27). In addition, Chen ez 4.
investigated the effects of age and head circumference on
SSDE, and the results showed that head circumference
was significantly negatively correlated with SSDE in the
younger patient group, but this trend was not observed in
the older patient group, suggesting that the relationship
between head circumference and SSDE is complex and not
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simply linear, and that there is a relationship between the
estimation of SSDE and age (28). This approach simplifies
the calculation process and improves work efficiency,
making it worthwhile to explore further.

There were certain limitations to this study. Firstly,
the CT source model was based on a simplified version of
the bowtie filter, which may not accurately represent its
actual shape. As a result, some things could be improved
in the simulation calculation of organ dose. For example,
our source modeling method is based on the cookie-cutter
technique, which does not take into account the actual
focus size. In recent years, researchers have constructed fan-
beam source modeling based on the actual CT tube, which
has greatly improved the reliability; and the modeling
accuracy of the bowtie filter also needs to be improved.
Additionally, it is essential to note that the findings of this
study are specific to Revolution CT scanners manufactured
by GE; thus, they are not applicable to other manufacturers
who use different ODM technologies with varying
working principles. More precise modeling methods will
be employed to construct the bowtie filter, and various
vendors’ angular modulation models will be used to
accurately calculate the organ dose of CT scan.

Conclusions

In this study, in a head CT examination with angular
modulation, we investigated the correlation between organ
dose and different dose metrics (e.g., global CTDI,,;, organ-
based regional CTDI,,;, SSDE, and organ-specific SSDE)
for four specific organs, namely, the brain, eyeballs, lens,
and salivary glands. Using linear regression fitting, we found
that the correlation between organ dose and organ-specific
SSDE demonstrated superior robustness compared to
other dose metrics. As a result, a linear regression utilizing
organ-specific SSDE could be a reliable and straightforward
method for accurately estimating organ dose for patients
undergoing head CT examination with ODM technology.
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