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Introduction

Abstract

The optimization of Computed Tomography (CT) imaging protocols and ensur-
ing patient safety is crucial in medical diagnostics. Accurate dose estimation
tailored to individual patients can significantly enhance radiation protection.
This study focuses on calculating patient-specific Size-Specific Dose Estimate
(SSDE) and effective doses using CTDI,,; and Dose Length Product (DLP) val-
ues from CT scanners, covering common protocols for brain, chest, abdomen,
and combined chest-abdomen scans, including both contrasted and non-con-
trasted procedures. The study analyzed CT examination data from 967 adult
patients, with a patient cohort 0f 42.2% males and 57.8% females, aged between
18 and 110 years, and an average weight of 78.77 kg. The median values of
CTDI,, were 5.92 mGy for abdominal scans, 25.23 mGy for brain scans, 5.61
mGy for chest scans, and 6.17 mGy for combined chest-abdomen scans. The
calculated organ doses were within acceptable radiological safety limits and
varied significantly based on patient size and scan protocols. The effective
doses were generally lower than the national Diagnostic Reference Levels
(DRLs). The study revealed strong correlations between CTDI,,; and SSDE (r
=0.9761, p < 0.0005), and SSDE and DLP (rs= 0.9255, p < 0.0005), indicating
that an increase in CTDI,,; and DLP correspond to an increase in SSDE. These
findings underscore the importance of considering these parameters when as-
sessing patient doses. The findings indicate that the calculated organ doses are
within safe radiological limits, highlighting the importance of Size-Specific
Dose Estimates (SSDE) in accurately estimating patient doses. The alignment
of median values for CTDI,,;, SSDE, and DLP with national DRLs underscores
effective dose management in the imaging centers studied. Continuous dose
monitoring and protocol optimization are essential to minimize radiation expo-
sure while ensuring high diagnostic quality. This study emphasizes the need for
individualized dose assessments to enhance radiation protection and patient
safety in CT imaging. This study addresses the gap in patient dose estimation
by analyzing Size-Specific Dose Estimates (SSDE) and effective doses across
various CT protocols, ensuring more accurate radiation protection beyond
standard Diagnostic Reference Levels (DRLs).
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Computed Tomography (CT) examinations deliver significant radiation doses, which vary considerably among pa-
tients, imaging centers, and countries [1-4]. Radiation doses received by tissues during CT examinations, typically
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ranging from 10 to 100 mGy, can often exceed levels associated with an increased risk of cancer [5, 6]. Despite public
concerns about these elevated doses, CT remains indispensable for providing essential diagnostic information in
medical imaging [4, 5, 7].

Traditionally, CT radiation exposure assessment has been defined through the Computed Tomography Dose Index
(CTDI), ameasure of a CT scanner’s radiation dose output that allows comparison of different scanners. The radiation
dose profile D(z) of a CT scanner for a single gantry rotation is quantified using the CT Dose Index (CTDI) (mGy)
at position z for a specified phantom, as shown in Equation 1.1.

CTDI = l /D(z)dz,

T (1.1)
where T 'is the slice width. CTDI10o (mGy), defined by Equation 1.2, is a linear dose distribution measurement over a
100 mm long pencil ionization chamber.

1 +50mm
CTDIlOO = —/ D(Z)dZ,
NT —50mm (12)
where NT represents the product of the number of tomographic slices N and the thickness of each slice 7.
A more refined dose profile quantification parameter is the weighted CTDI (CTDI,), given by Equation 1.3. This
value is determined by the exposure parameters and accounts for dose measurements in both central and peripheral
areas of the phantom. It is given by

1 2
CTDI, = -CTDIp .+ = (CTDI
5CTPhooe & 3 (OTDloo,) (1.3)
The volume CTDI (CTDI,») provides a useful way to compare doses delivered by various scan protocols or to
achieve a specific image quality for a particular patient size. It is the mean absorbed dose in a 16— or 32—cm diameter
phantom, given by

CTDI,,

CTDI,,; = (1.4)

Pitch

The length of the scanned area L, multiplied by CTDI,,, yields the Dose—Length Product (DLP), representing the
patient’s cumulative radiation exposure. It is given by

DLP = CTDIy % L. (1.5)

The CT console provides information on radiation dosage, including CTDI,,; (measured in mGy) and DLP (meas-
ured in mGy-cm) [8].

The concept of Effective Dose (E) involves a weighted averaging of radiation doses across multiple organs, con-
sidering the different tissues exposed. It provides an estimate of the overall whole-body radiation dose corresponding
to the stochastic risk from partial body irradiation, such as during a CT scan [9, 10]. The Effective Dose (E) is obtained
from

E=kxDLP (1.6)

where £ is a conversion coefficient factor. However, a patient’s dose from a CT scan depends on their size as well as
the scanner’s radiation output. Thus, the CTDI parameter does not accurately reflect the actual radiation dose for the
patient undergoing diagnosis [11-13]. Medical physicists and radiologists increasingly use the Size-Specific Dose
Estimate (SSDE) to determine individual patient doses in computed tomography [14, 15].

The SSDE approach, recommended by the American Association of Physicists in Medicine (AAPM) in 2011,
estimates radiation doses based on the patient’s physical dimensions and the extent of X-ray attenuation [16]. Using
polymethylmethacrylate (PMMA) phantoms and Monte Carlo simulations, conversion factors (fsze) are computed,
which vary depending on body and head scans. These relations are given by

SSDE = fsize X CTDlI,0y, (1.7)
and
frize=a x e P, (1.8)

where a and b are coefficients defined by the AAPM (a =3.704369; b =0.03671937), and D,, is the patient’s effective
diameter, influenced by lateral (LAT) and anterior-posterior (AP) dimensions, given by
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D, = VAP x LAT (1.9)

Using SSDE provides a more accurate prediction of absorbed dose in patients compared to current C7DI,,; ap-
proaches [14].

In Uganda, various studies have examined CT radiation doses. In 2015, Kisembo et al. conducted a survey of
pediatric CT radiation doses in two hospitals in Kampala, finding that multi-slice CT (MSCT) dosimetry values were
significantly higher than those of dual-slice CT and other countries, raising radiation safety concerns, [18]. In 2018,
Ayugi et al. established national diagnostic reference levels (NDRLs) for pediatric patients, noting high deviations in
head CT doses compared to DRLs of IAEC and Japan [19].

In diagnostic radiology, radiation protection mandates procedures suitable for the patient’s age, size, imaging area,
and clinical indication. A recent study in 2022 (see [21]), highlighted the importance of developing and implementing
Diagnostic Reference Levels (DRLs) as standardization and optimization tools in CT facilities. The study conducted
across seven CT facilities in Uganda calculated DRLs using the 75" percentile of the median values for CTDI,,; and
DLP for head, chest, abdomen, and lumbar spine CT examinations. The findings underscore the need for optimizing
CT scan parameters to lower national DRLs and advocate for continuous dose audits and training for radiographers
on optimizing CT acquisition parameters [21]. For us, we present SSDE computations based on the CTDI,,; values
displayed by the CT scanner and the Effective doses based on the DLP.

1. Methods
1.1 CT Scanner Characterization

For this study, two Siemens Somatom go.Now CT scanners were selected. These scanners have Automatic Exposure
Control (AEC), which controls both tube voltage (kV p) and current, an essential aspect of modern medical imaging
because it gives the best possible image quality while limiting radiation exposure. The scanners have multi—slice
imaging capabilities, which enable imaging at 64 and 256-slice resolutions, giving the best possible clarity and detail
in the obtained images. The tube current (measured in mAs) is adjusted by the AEC functionality based on the patient’s
anteroposterior body proportions. Given that size-specific dose concerns play a major role in patient safety and reli-
able imaging, this customized approach to dose management is essential to our work. The scanners display important
dose information such as CTDI,,, DLP, and SSDE after each examination. This provides valuable insights into the
radiation dose delivered to the patient, allowing radiologists and clinicians to monitor and optimize radiation exposure
levels effectively.

1.2 Study Design

A retrospective cross-sectional quantitative study approach was used to collect vital X-ray exposure data and the
resultant doses delivered to adult patients undergoing head, chest, and abdominal CT scans for two years from No-
vember 2021 to November 2023. This study was carried out at radiology departments in two Kampala imaging cen-
ters. One of these centers had a Phillips BigBore simulator and another had Siemens Somatom Emotion.

Vital patient demographic data, including age and gender, was carefully documented over five months from a large
cohort comprising 967 patients using the globally accepted International Atomic Energy Agency (IAEA) CT scan
data collection tool. We collected a set of exposure parameters, including kV p, mAs, gantry rotation time, pitch, and
collimation. Additionally, dose-related data, including CTDI,, DLP, and SSDE were recorded.

The anteroposterior diameter and lateral body width were measured as part of the image analysis process. Then,
using the procedures described in AAPM report 204 [16, 20], the effective diameter was calculated using Equation
(1.9).

1.3 Quality Assurance Measurements

A calibrated VICTOREEN CT Probe, model 6000—100 pencil ionization chamber with a DIADOS E by PTW elec-
trometer was used to measure CT dose. The phantoms used in this study to simulate an average adult were made of
polymethyl methacrylate (PMMA) for head and body examinations. These phantoms were made of Perspex with
diameters of 16 cm and 32 cm in cylinders, respectively.

The phantom was positioned on the patient table in a holder such that its longitudinal axis aligned with the gantry’s
axis of rotation, and its center corresponded to the center of the slices for a multi-slice scanner. The pencil ionization
chamber was then inserted into the phantom so that its center corresponded to the phantom’s longitudinal central
plane for each of the five measurement positions: one in the center and four at 1cm below the surface at the periphery,
with the unused holes plugged with rods. Quality assurance measurements were conducted every three months during
the study.
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Table 1. Average results from quality assurance of CT scanners throughout the research period

Scanner Phillips BigBore simulator Siemens Somatom Emotion
Phantom Parameter Head Body Head Body
Measured CTDlyor 33.1 16.2 22.6 9.2
Console CTDlIo! 31.3 15.8 23.9 11.9
% change 34 2.5 2.3 -12.3

Measured DLP 156 95 161 187

Console DLP 137 93 176 196
% change 12.1 2.1 -8.5 -4.6

Comment PASS
1.4 CT Protocol

We investigated standard CT protocols for the brain, chest, abdomen, and chest-abdomen, with an emphasis on the
most commonly used protocols. For head scans, non-contrasted procedures were the only ones taken into account
while for multi-anatomical and chest scans, both contrasted and non-contrasted procedures were examined. We col-
lected basic dosimetric data (such as CTDI,.;, DLP, and SSDE) and scan procedure details for adult patient CT exams
using the IAEA data management tool for CT. The scanning initial parameters were predefined, as given in Table 2.

Table 2. Scan parameters

Parameter Value Range
Tube voltage (kVp) 80—130
mAs (mAs) 9-789
Collimation (mm) 16, 64
Acquisition matrix 512x512
Field—of-view 8.25-202
Slice thickness (mm) 0.6-0.7
Pitch 0.138-1.176

1.5 Ethical Consideration

The CT centers granted permission to collect data from their facility and utilize it for academic purposes only. The
centers waived informed consent because there was no physical contact with the patients during data collection. The
research was also carried out in accordance with the Helsinki Declaration principles. There was complete confiden-
tiality with regard to the medical information that was collected.

1.6 Limitations

Several limitations must be taken into consideration, even if this study provides insightful knowledge regarding CT
dose estimate and optimization. Since different imaging facilities have varied scanning processes, the retrospective
design's reliance on pre-recorded data may generate inconsistencies. The study's focus on only two CT scanner mod-
els may limit the findings' applicability to other scanner manufacturers and types. Also, although dose measurements
were validated using phantom-based dosimetry, these simulations might not accurately represent the variation in
patient anatomy and tissue composition.

1.7 Phantom Dosimetry

We utilized a Computed Tomography Dose Index (CTDI) body phantom to determine the water equivalent diameter,
dy. Calipers were employed to measure the diameter, d, of a cylindrical body phantom, from which the area, 4, of the
phantom, was computed using Equation 2.1 given by

, @2.1)

and then d,, was calculated using Equation 2.2 given by

DOI: 10.26855/ijcemr.2025.01.014 76 International Journal of Clinical and Experimental Medicine Research



Gertrude Ayugi et al.

27, (2.2)
1.8 Organ Dose Determination
Size-Specific Dose Estimate (SSDE) is crucial in estimating the Total Body Dose (TBD) received throughout a CT
scan session. TBD is expressed as the product of SSDE and a conversion factor, as shown in Equation 2.3:
TBD = SSDE x conversion factor. (2.3)

The conversion factor depends on the water—equivalent diameter (d) of the patient, which we derived from cali-
bration measurements as seen in Equation 2.2.
The organ dose ratio (ODR) was calculated as a function of the organ volume and the total body volume using

Organ Volume
ODR = 2.4)
Total Body Volume

After identifying the specific organ of interest, the volume of the organ can be obtained from the literature values.
The Organ Dose received by the organ of interest was calculated by multiplying the total body dose (TBD) by the
organ dose ratio (ODR) as

Organ Dose = TBD x ODR. (2.5)
2. Results
2.1 Patient Profile

We collected CT examination data for 967 adult patients from two imaging centers. Of these, 412 were male patients,
whereas 555 were female patients. The weight of the sample ranged from 48.5 kg to 108.9 kg, with an average of
78.77 kg. The age of patients ranged from 18 to 110 years with an average of 52 years, and the height of the sample
ranged from 108.6 cm to 148.9 cm, with an average of 128.96 cm. There were 307 abdominal scans, 236 brain scans,
247 chest scans, and 177 scans that included both chest and abdominal regions. Contrast material was used in most
of the chest and abdominal scans, particularly when multiple phases were involved. Specifically, 41.5% of the scans
utilized contrast agents, whereas 58.5% were conducted without them.

2.2 Dose Percentiles for Diagnostic Reference Level

Table 3 presents the 75" percentiles of the median values of the National Diagnostic Reference Level, minimum, and
maximum values of CTDI,.;, SSDE, and DLP. Additionally, the table includes the national 75" percentiles for Uganda
(national DRLs) as reported in the literature [21]. The median values from our study are very close to the national
DRLs cited in [21].

Table 3. Dose Percentiles for Diagnostic Reference Level

CTDlI o (mGy) SSDE (mGy) DLP (mGy - cm)
Examination No.
CS DIR CS DIR CS DIR
Abdomen 307 5.92 (0.79-18.61) 12.54 10.50(1.25-111.70) - 429 (44-1555) 1418.3
Brain 236 25.23 (2.35-115.70) 56.02 45.00 (2.78-174.40) - 960 (74-2392) 1260.3
Chest 247 5.61 (0.24-49.60) 7.82 10.40 (0.59-29.10) - 293.5 (18.3-1355) 377.0
Chest + Abdomen 177 6.17 (2.19-41.70) - 10.20 (1.14-22.90) - 482 (112-946) —

Notes: Dash (—) indicates not applicable. Values in parentheses are minimum — maximum. Dose Index Registry (DIR) data were summarized by Erem et
al., [21] from 574 patients recruited from seven health facilities, and CS stands for Current Study data. In all cases, the median values from our study were
lower than the national DRLs obtained from [21].

2.3 Effective Organ Doses in CT

Our study’s analysis of organ doses from CT examinations reveals that the calculated doses are within acceptable
radiological safety limits. This underscores the importance of using Size-Specific Dose Estimates (SSDE) for accu-
rately estimating patient doses, which is crucial for optimizing radiation protection.
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Table 4 presents the calculated Total Body Doses (TBD) and specific Organ Doses for various organs. These cal-
culations are based on our measurements and supplemented by literature values for organ volumes. The data includes
a range of doses reflecting different scan types and patient anatomies.

Table 4. Calculated Total Body Doses (TBD) and Organ Doses for different organs

Organ Organ Volume (cm?) TBD (mGy) Organ Dose (mGy)
Abdomen 8000 1.5-162.1 02-424
Brain (Female) 1130 5.6-96.3 0.1-3.3
Brain (Male) 1260 12.2-335.8 0.4-10.9
Chest 6000 09-513 0.1-20.4
Chest + Abdomen 12000 1.6 -36.2 03-11.9

The table above illustrates that the abdomen scans resulted in organ doses ranging from 0.2 to 42.4 mGy, while
brain scans varied significantly between males and females, reflecting the differences in organ volumes and scan
parameters. Specifically, brain doses for females ranged from 0.1 to 3.3 mGy, whereas for males, they ranged from
0.4 to 10.9 mGy. Chest scans showed doses between 0.1 to 20.4 mGy, and combined chest and abdomen scans ranged
from 0.3 to 11.9 mGy.

These dose ranges are influenced by factors such as the type of CT examination, patient size, and the use of contrast
agents. For instance, brain CT scans generally have higher doses due to the sensitivity and complexity of the brain’s
imaging requirements.

The effective dose, which is a measure of the radiation risk that accounts for the type of radiation and the sensitivity
of different organs and tissues, is crucial for assessing potential long-term effects. By utilizing SSDE, we enhance
the accuracy of dose assessments, which is vital for tailoring radiological practices to individual patient characteristics,
thus improving patient safety and diagnostic efficacy.

2.4 Correlation Between Parameters

2.4.1 CTDI,. vs. SSDE
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Figure 1. Scatter plot for CTDI,. against SSDE.

The Spearman’s rank correlation coefficient (r5) was calculated to determine the relationship between CTDI,,; and
SSDE. The analysis showed a correlation coefficient of 7, = 0.9761, indicating a very high positive correlation be-
tween CTDI,, and SSDE (p < 0.0005). This suggests that as CTDI,,; increases, SSDE tends to increase as well, see
Figure 1. The correlation was statistically significant, reflecting the importance of accounting for these parameters
when assessing patient doses.
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2.4.2 SSDE vs. DLP
The relationship between SSDE and DLP was also examined using the Spearman’s rank correlation coefficient (7).
A strong positive correlation was found, with », = 0.9255 and p < 0.0005, indicating that as DLP increases, SSDE
also tends to increase, as seen in Figure 2. This statistically significant correlation highlights the importance of con-
sidering both parameters when evaluating patient doses.
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Figure 2. Scatter plot for SSDE against DLP.
3. Discussion

The study aimed to optimize CT imaging protocols by accurately estimating patient-specific doses using Size-Spe-
cific Dose Estimate (SSDE) in conjunction with CTDI, and Dose Length Product (DLP) values. The collected data
from 967 adult patients provided a comprehensive overview of dose distributions across different types of CT exam-
inations, including brain, chest, abdomen, and combined chest-abdomen scans.

The analysis revealed that the SSDE values for brain scans averaged 29 mGy, while chest and abdominal scans
averaged 10.6 mGy and 10.7 mGy, respectively. These values are crucial for assessing the radiation exposure of
patients and ensuring that it remains within acceptable safety limits. The correlation between CTDI,o and SSDE (r
=0.9761, p < 0.0005) underscores the reliability of SSDE as a metric for patient dose estimation. This strong positive
correlation indicates that higher CTDI,, values are associated with higher SSDE values, highlighting the importance
of considering both parameters for accurate dose assessment.

Furthermore, the correlation between SSDE and DLP (v = 0.9255, p < 0.0005) suggests that as DLP increases,
SSDE also tends to increase. This relationship is vital for understanding the overall radiation burden on patients and
for implementing dose optimization strategies. The use of DLP as an additional parameter alongside SSDE enhances
the comprehensiveness of dose monitoring and contributes to better radiation protection practices.

The findings of this study also indicate that the median SSDE values obtained are generally lower than the national
Diagnostic Reference Levels (DRLs) for Uganda. This suggests that the participating imaging centers are effectively
managing patient doses, likely due to adherence to optimized protocols and best practices in radiological imaging.
The lower dose values reflect a commitment to minimizing radiation exposure while maintaining diagnostic quality,
which is crucial for patient safety. Additionally, the variations in organ doses observed in this study emphasize the
need for individualized dose assessments. Factors such as patient size, scan type, and the use of contrast agents sig-
nificantly influence the doses received by different organs. For instance, brain scans for males showed higher doses
compared to females, reflecting differences in organ volumes and scan parameters. These findings highlight the ne-
cessity of tailoring radiological practices to individual patient characteristics to ensure optimal radiation protection.

To validate these results, studies should include multicenter trials with various CT scanner types, investigations in
pediatric populations, and contrast vs. non-contrast imaging comparisons. Regional comparisons and real-time expo-
sure monitoring can also be done. These investigations will broaden applicability and improve dose optimization
procedures.
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4. Conclusions

This study analyzed CT examination data from 967 adult patients, focusing on the distribution of doses across various

scan types, including abdominal, brain, chest, and combined chest-abdominal scans. Our findings show that the cal-

culated organ doses fall within acceptable radiological safety limits. The use of Size-Specific Dose Estimates (SSDE)
has proven crucial in accurately estimating patient doses, thereby emphasizing the importance of individualized dose
assessment for optimizing radiation protection.

The median values for CTDI,,;, SSDE, and DLP from our study closely align with the national Diagnostic Refer-
ence Levels (DRLs) reported for Uganda. Notably, the observed doses are generally lower than the national DRLs,
indicating effective dose management in the participating imaging centers.

Organ-specific dose analysis revealed varying dose ranges, influenced by factors such as scan type, patient size,
and the use of contrast agents. For example, brain scans exhibited significant dose variability between male and
female patients, reflecting anatomical and procedural differences. The effective doses calculated in this study high-
light the necessity for continuous dose monitoring and optimization to minimize radiation exposure while ensuring
high diagnostic quality.

Based on the findings of this study, we recommend the following actions to further enhance radiation safety and
diagnostic efficacy in CT imaging:

(a) Implementation of SSDE in Clinical Practice: Encourage the routine use of Size-specific dose Estimates in clin-
ical settings to ensure accurate and individualized dose assessments for all patients.

(b) Regular Dose Monitoring and Audits: Conduct regular audits of radiation doses across different CT examina-
tions to identify any deviations from established safety standards and to ensure adherence to national and inter-
national guidelines.

(c) Optimization of Scan Protocols: Continuously review and optimize CT scan protocols to achieve the lowest
possible radiation dose while maintaining diagnostic image quality. This includes adjusting parameters based on
patient size, particularly for pediatric and small adult patients.

(d) Training and Education: Provide ongoing training for radiologists and CT technologists on dose reduction tech-
niques and the importance of radiation safety. Emphasize the use of SSDE and other dose optimization strategies.

(e) Patient Awareness: Educate patients about the importance of radiation safety and the measures taken to mini-
mize their exposure during CT examinations. This can help improve patient compliance and trust in the imaging
process.

(f) Research and Development: Support further research into advanced imaging technologies and techniques that
can reduce radiation doses without compromising diagnostic accuracy. Encourage collaboration between medical
institutions to share best practices and innovations in dose management.

By implementing these recommendations, healthcare providers can enhance the safety and effectiveness of CT
imaging, ultimately leading to better patient outcomes and improved public health.
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