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ABSTRACT

Introduction: The purpose of this study was to establish of diagnostic reference level (DRL) and to compare
radiation dose between single phase and unjustified double phase abdominopelvic CT imaging.

Material and Methods: A total of 163 patients, 85 patients with single phase and 78 patients with unjustified
double phase abdominopelvic CT scans, were included in this retrospective study. Volumetric CT dose index
(CTDlyq) and dose length product (DLP) were obtained from the CT console. The third quartile of CTDlI
and DLP were determined for diagnostic reference level (DRL). Effective dose (E) and organ dose were
obtained using CT-Expo software (version 2.2). Single phase and double phase scans were compared in
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Computed Tomography Results: The institutional DRLs using CTDl,, and DLP for abdominopelvic CT were 9.8 mGy and 571
Effective Dose mGy.cm, respectively. The mean value of E was 5.4 + 1.8 and 10.3 + 3.4 for single phase and double phase
Abdomen imaging, respectively, resulting in 4.9 mSv excess dose per patient. Mean value of the DLP was 396.9 +
Pelvis 142.7 and 759.0 + 250.7 for single phase and double phase imaging, respectively. E was significantly higher

Justification in female compared to male (p < 0.05). Bladder has a highest lifetime attributed risk of cancer incidence
among other organs. Also, the cancer risk incidence was higher for female than male.

Conclusion: The awareness of physicians about the correct indications of abdominopelvic CT should be

increased by using associated reliable guidelines.
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Introduction

Since the advent of computed tomography (CT)
scans in medicine, the number of CT examinations in
the form of various clinical applications has grown
significantly = [1]. Fast imaging, multiplanar
reconstruction, high spatial and temporal resolution
and accurate diagnosis have increased the number of
CT scans per year from 1995 to 2015 by about 394%
in the United States [2].

The increased number of requests CT
examinations and the high radiation dose of the CT
imaging has raised many concerns about the potential
risk of ionizing radiation [3]. In most reports, linear no
threshold (LNT) model is adopted for radiation risk
due to medical imaging examinations, declaring that
the risk of stochastic effects augments linearly with
augmenting radiation dose, with no threshold [4].

Therefore, all CT scan examinations must be
justified as one of the radiation protection principles
[5]. Justification considers the benefit versus the risk
of exposure to radiation. For example, if single phase
CT imaging of an anatomic area provides sufficient
diagnostic information, multiphase imaging is

unjustifiable. A single phase CT may include either
without or with a contrast agent injection. A
multiphase CT can be acquired without and with
contrast agent injection [6].

Abdominopelvic CT scan is one of the most
frequent CT examinations in clinical applications such
as in patients with abdominal pain [7], trauma [8] and
so on. Guite et al. [9] showed that more than half of the
abdominopelvic CT examinations performed in
multiphasic scans were unnecessary which increase
radiation dose to patients. This means in many cases,
abdominopelvic CT in alone plain mode or contrast
injection mode rather than multiphasic scans can
diminish potential radiation risk to patients. For
example, a study reported that among common CT
examinations, multiphasic abdominopelvic had a
highest effective radiation dose (31 mSv) [9].
Therefore, it is essential that the lowest possible
radiation dose be delivered to the patient while
maintaining  sufficient and accurate image
interpretation.
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Although various methods can be used to reduce
radiation dose in CT imaging, such as reducing
radiation factors (kVp, mAs) [10], bismuth shields
[11], dedicated reconstruction software [12], etc., but
it is still the best way to reduce the number of
examinations [13].

The purpose of this study was to establish of
diagnostic reference level (DRL) and to compare
radiation dose between single phase and unjustified
double phase abdominopelvic CT imaging.

Materials and Methods

Patients’ data

The research ethics committee of an institution
approved and waived consent form for this study. A
total of 163 patients, 85 patients with single phase and
78 patients  with  unjustified double  phase
abdominopelvic CT scans, were included randomly in
this retrospective study. All patients with single phase
CT scans were justified and one of the phases in double
phase CT scans was unjustified according to a
radiologist’s report.

All patients were imaged with a 16 slice Somatom
Emotion CT scanner (Siemens, Germany). For all
patients, the CT scanner began imaging from the
diaphragm and end to the symphysis pubis.
Demographic data, including gender and age were
acquired from the picture archiving and communication
system (PACS)system.

Dose parameters

Some dose parameters were obtained from the CT
console after a CT examination including: volumetric
CT dose index (CTDlyo, mGy) and dose length product
(DLP, mGy.cm). The third quartile of CTDI, and DLP
were determined for diagnostic reference level (DRL)
[14, 15]. Furthermore, we calculated size-specific dose
estimate (SSDE) manually by the following formula;
SSDE = CTDl,, X f

Where f is the conversion factor extracted from
American Association of Physicists in  Medicine
(AAPM) report number 204 [16, 17]. It should be noted
that we need an effective diameter of the imaged region
to extract specific conversion factor. Effective diameter
calculated as square of product of anterior-posterior
(AP) and Lat lengths, where the AP and Lat are
anteroposterior and lateral dimensions of the middle
slice of abdominopelvic CT images, respectively [17].

Effective dose (E) and organ doses were estimated
by CT dose software CT-Expo (version 2.2) for further
evaluation. In CT-Expo software, after determining

scanner model, patient gender and scanning range, dose
guantities are calculated following specified protocol
details including; tube potential (kVp), tube current
(mA), rotation time and collimation. E (mSv) and organ
doses (mSv) were calculated based on tissue weighting
factor provided by the international commission on
Radiological protection (ICRP) 103 [18].

Lifetime attributed risk (LAR) of cancer incidence
for organs were calculated on the basis of the Biological
Effects of lonizing Radiation (BEIR) VII report by
inputting organ dose, patient gender and age. LARS
were calculated for different organs, including; liver,
lung, bladder and ovaries.

Statistical analysis

All statistical analysis was performed by SPSS
software (version 23). All quantities were expressed in
mean and standard deviation (SD). Comparison of dose
quantities in terms of gender and phases were performed
with non-parametric Mann-Whitney test. P values less
than 0.05 were noted statistically significant.

Table 1 presents some imaging parameters and
patient’s age. Tube potential were constant value of 130
kVp. The mean tube current-time product was 79.00 + 24.0
mAs. The mean patients age was 51.64 + 20 years.

Figure 1 shows the results of CTDly (mGy), DLP
(mGy.cm) and SSDE for abdominopelvic CT scanning.
The mean CTDlyo, DLP and SSDE were 8.1 £2.5, 426.5
+ 156.0 and 7.5 £+ 1.8, respectively. The 3rd quartile of
CTDlyand DLP (DRL) were 9.8 and 571, respectively.

The results of CTDlw, DLP and SSDE of
abdominopelvic CT scanning in terms of gender are
represented in Figure 2. There is no statistically difference
between male and female in terms of CTDly,, DLP and
SSDE (p > 0.05). The mean CTDlIyqwas 8.4 + 2.7 and 8.2
+ 2.5 for female and male, respectively. The mean SSDE
was 79 = 1.7 and 75 + 1.8 for female and male,
respectively. The mean DLP was 398.5 + 155.6 and 395.9
+ 136.1 for female and male, respectively.

The results of CTDIyo and SSDE of abdominopelvic
CT scanning for single phase and double phase imaging are
represented in Figure 3. There is no statistically difference
between single phase and double phase imaging in terms of
CTDlIyo and SSDE (p > 0.05). The mean CTDlyo Was 8.3 +
2.6 and 7.7 + 2.2 for single phase and double phase
imaging, respectively. The mean SSDE was 7.7 £ 1.7 and
7.5 = 1.2 for single phase and double phase imaging,
respectively.

Table 1. Scanner type, imaging parameters and patient’s age.

CT scanner Tube potential (kVp) Tube current-time product Age (years)
(MmAs)
16 slice Somatom Emotion, Siemens 130 79.00 +24.0 (46-148) 51.64 +20.81 (13-87)
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Figure 1. Box plot showing results of CTDl,q, DLP, and SSDE for abdominopelvic CT scanning.
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Figure 2. Box plot showing comparison of CTDl,q, DLP and SSDE in terms of gender.
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Figure 3. Box plot showing comparison of CTDI,, and SSDE for single phase and double phase abdominopelvic CT imaging.
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Figure 4. Box plot showing comparison of effective dose (E) and DLP for single phase and double phase abdominopelvic CT imaging.
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The results of E (mSv) and DLP for single phase and
double phase imaging are represented in Figure 4. Mean
value of E was 5.4 + 1.8 and 10.3 £ 3.4 for single phase
and double phase imaging, respectively. Mean value of the
DLP was 396.9 + 142.7 and 759.0 £ 250.7 for single phase
and double phase imaging, respectively.

The results of E (mSv) in terms of gender for single
phase and double phase imaging are represented in Figure
5. Mean value of E was 5.9 + 1.5 and 6.1 + 1.9 for male
and female in single phase imaging, respectively. The
mean value of E was 8.2 £ 0.6 and 9.9 + 2.1 for male and
female in double phase imaging, respectively. There is a
statistically difference between male and female in terms of
E (p <0.05).

Organ doses (mSv) for single phase and double phase
scans are summarized in table 2 and represented in Figure
6 for better comparison.

Summary of LAR of cancer incidences associated with
abdominopelvic CT imaging in single phase and double
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Figure 5. Box plot showing comparison of effective dose (E) in terms of
gender for single phase (SP) and double phase (DP) abdominopelvic CT
imaging.

phase scans is presented in table 3.

Table 2. Summary of organ doses (mSv) for single phase and double phase scans.

Organs
Single phase Double phase

Lungs 217+0.70 4,04 £1.27
Liver 9.40+293 17.31+4.83
Testicles 2.56 +0.78 4.27+0.35
Bladder 11.44 £3.62 21.56 £5.89
Bone marrow 484 +155 9.04+3.12
Bone surfaces 7.05+224 13.21+4.33
Spleen 9.63+3.01 17.80+5.03
Pancreas 7.88+245 14.69+4.17
Adrenals 7.78 +257 14,01 £3.87
Kidneys 10.12+3.14 18.73+5.33
Small intestine 9.59 + 3.08 18.73+5.75
Prostate 11.09 £3.50 18.40+1.43
Gall bladder 7.88+245 1470 £4.17
Heart 1.74 £ 0.56 3.32+1.04
Stomach 9.78 £3.03 17.98 +5.06
Ovaries 10.81+3.47 20.52 +6.36
Breast 1.35+0.40 244 +£0.72
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Figure 6. Results of organ doses (mSv) for single phase and double phase scans.
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Table 3. LAR of organ cancer incidences (per 100,000 patients) associated with abdominopelvic CT imaging in single phase and double phase scans.

Organs Single phase Double phase

Male Female Male Female
Liver 0.87+0.37 157 +£0.90 1.00 +0.65 2.60+1.32
Lung 1914094 535+2.29 291+113 6.66 + 3.59
Bladder 742 +3.64 9.08 +3.74 9.91+488 11.93+6.04
Ovaries 3.34+1.66 341+084

Discussion

This study was performed because there is evidence
that many numbers of abdominopelvic CT scans are
performed in extra phases while have no specific
clinical indication [19]. Therefore, this extra radiation
dose delivered to the patient is not justified.

In the first step, DRLs were determined for this
institution. Establishment of DRLs causes dose
optimization in medical imaging departments while
preserving acceptable image quality [20]. The
institutional DRL using CTDI, for abdominopelvic CT
was 9.8 mGy, which is lower than national DRLs of
United Arab Emirates, UK, Canada, Japan, Australia,
France and Egypt [21]. Also, the institutional DRL
using DLP for single phase abdominopelvic CT was 571
mGy.cm, which is lower than national DRLs of United
Arab Emirates, UK, Canada, Japan, Australia, France
and Egypt [21]. These discrepancies may be related to
different adjusted scanning parameters, especially for
relatively lower mAs (79.00 = 24.0) used in this
institution.

There was no statistically difference between male
and female in terms of CTDIy,, DLP and SSDE, which
is somewhat acceptable because these dose quantities
show radiation dose per slice, not personal sensitivity to
radiation. The CTDIyq indicates the radiation output of
the CT scanner and does not lonely represent the actual
radiation dose received by the patient. Patient size is
another important factor affecting patient dose, which
AAPM report No0.204 accommodate both (CTDlygl,
patient size) as SSDE. Also, Kayun et al. [22] observed
no statistical difference in SSDE between genders in
brain CT scans.

We also calculated E using CT-Expo software as it
can be used to compare exposure between different
imaging studies and appropriately estimate radiation
risks [23]. E is calculated by summation of equivalent
doses of organs multiplied by the tissue weighting factor
as indicated in the report [18]. As expected, E (mSv)
value was statistically different between single phase
and double phase scans. The results of the present study
showed that an extra phase scan can increase E from 5.4
+ 1.8 to 10.3 £ 3.4 mSv (almost doubled). Therefore, it
seems unnecessary extra phases are one of the main
sources of unacceptable radiation dose in medical
imaging. This is where the importance of justification
comes into play. Al Naomi et al. [24] have shown that
about half of the phases in multi-phase abdomen and
pelvic CT in women childbearing age have no clinical
indication, increasing the radiation dose by about 65%
in those who had unindicted phases compared to those

Iran J Med Phys, Vol. 20, No. 2, March 2023

had indicated phases. Giannitto et al. [25] reported that
unnecessary phases in abdominopelvic CT in women
with reproductive age may increase radiation dose to the
uterus and ovaries about 38 and 33 mSv, respectively.
Our results showed that each extra phase in
abdominopelvic CT in women increases radiation dose
to ovaries about 9.7 mSv.

Guite et al. [9] reported that 52.8% phases of
abdomen-pelvis CT scans are not considered necessary
by associated guidelines, leading to an increase in
effective dose of 16.8 mSv per patient. Therefore, the
awareness of physicians about the correct indications of
abdominopelvic CT should be increased by using
associated reliable guidelines.

E values calculated by CT-expo software were
statistically different between male and female for both
single phase and double phase scans, because the
software in order to calculate doses, uses gender specific
anthropomorphic phantoms as ADAM for male and
EVA for female.

One of the strengths of this study is the calculation
of organ doses. It can be observed that in
abdominopelvic CT, bladder receives the highest dose
followed by prostate, ovaries, kidneys and stomach. It
can be seen that the double phase doubles the radiation
dose to the organs compared to the single phase. These
radiation levels do not appear to have deterministic
effects, but stochastic effects such as the risk of cancer
and hereditary effects cannot be ignored. Therefore, all
institutions must prevent unnecessary exposure of
patients by adopting the ALARA (As Low As
Reasonably Achievable) principle.

LARs of cancer incidence for organs including liver,
lung, bladder and ovaries are presented in table 3. As
expected, bladder has highest LAR of cancer incidence.
The mean LAR of bladder cancer in male patients in
single phase was 7.42 (about 1 in 13000) and increases
t0 9.91 (about 1 in 10000) in double phase. Also, it can
be observed that cancer risk incidence is higher for
female than male, which is in consistent with other
studies [23, 26].

The limitations of the present study are; (1) the study
covers only one institution, (2) the patient population is
relatively low, (3) not including pediatric patients (4)
and most importantly not evaluates image quality due to
relatively low mAs used in this institution.

Conclusion

Many numbers of abdominopelvic CT scans are
performed in extra phases while they have no specific
clinical indication, resulting in extra radiation dose to
the patient. It seems that in abdominopelvic CT, bladder
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receives the highest dose followed by prostate, ovaries,
kidneys and stomach. The results of the present study
showed that an extra phase scan can increase E from 5.4
+ 1.8 to 10.3 = 3.4 mSv. Therefore, the awareness of

physicians

about the correct indications of

abdominopelvic CT should be increased by using
associated reliable guidelines.

References

1.

10.

11.

12.

85

Sulieman A, Adam H, Tamam N, Alkhorayef M,
Alhailiy A, Alghamdi S, et al. A survey of the
pediatric  radiation doses during multiphase
abdominal computed tomography examinations.
Radiation Physics and Chemistry. 2021;188:109662.
Ferrero A, Takahashi N, Vrtiska TJ, Krambeck AE,
Lieske JC, McCollough CH. Understanding,
justifying, and optimizing radiation exposure for CT
imaging in nephrourology. Nature Reviews Urology.
2019; 16(4):231-44.

Brenner DJ, Hall EJ. Computed tomography—an

increasing source of radiation exposure. New
England journal of medicine. 2007; 357(22):2277-
84.

Wall B, Kendall G, Edwards A, Bouffler S,
Muirhead C, Meara J. What are the risks from
medical X-rays and other low dose radiation? The
British journal of radiology. 2006; 79(940):285-94.
Pandharipande PV, Reisner AT, Binder WD, Zaheer
A, Gunn ML, Linnau KF, et al. CT in the emergency
department: a real-time study of changes in
physician decision making. Radiology. 2016;
278(3):812-21.

Rastogi S, Singh R, Borse R, Valkovic Zujic P,
Segota D, Diklic A, et al. Use of multiphase CT
protocols in 18 countries: appropriateness and
radiation  doses. Canadian  Association  of
Radiologists Journal. 2021;72(3):381-7.
Eurboonyanun K, Rungwiriyawanich P, Chamadol
N, Promsorn J, Eurboonyanun C, Srimunta P.
Accuracy of Nonenhanced CT vs Contrast-Enhanced
CT for Diagnosis of Acute Appendicitis in Adults.
Current problems in diagnostic radiology. 2021;
50(3):315-20.

Naulet P, Wassel J, Gervaise A, Blum A.
Evaluation of the value of abdominopelvic
acquisition  without contrast injection when

performing a whole body CT scan in a patient who
may have multiple trauma. Diagnostic and
interventional imaging. 2013; 94(4):410-7.

Guite KM, Hinshaw JL, Ranallo FN, Lindstrom MJ,
Lee Jr FT. lonizing radiation in abdominal CT:
unindicated multiphase scans are an important
source of medically unnecessary exposure. Journal
of the American College of Radiology. 2011;
8(11):756-61.

Keshtkar M, Saba V, Mosleh-Shirazi M.
Application of different methods for reducing
radiation dose to breast during MDCT. Journal of
biomedical physics & engineering. 2018; 8(4):341.
Saba V, Keshtkar M. Targeted radiation energy
modulation using Saba shielding reduces breast dose
without degrading image quality during thoracic CT
examinations. Physica Medica. 2019; 65: 238-46.
Singh R, Digumarthy SR, Muse VV, Kambadakone
AR, Blake MA, Tabari A, et al. Image quality and

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

lesion detection on deep learning reconstruction and
iterative reconstruction of submillisievert chest and
abdominal CT. American Journal of Roentgenology.
2020;214(3):566-73.

Hwang SH, You JS, Song MK, Choi JY, Kim MJ,
Chung YE. Comparison of diagnostic performance
between single-and multiphasic contrast-enhanced
abdominopelvic computed tomography in patients
admitted to the emergency department with
abdominal pain: potential radiation dose reduction.
European radiology. 2015;25(4):1048-58.

Abiar M, Mahdavi M, Haddadi G. Establishing
local Diagnostic Reference Level for Adult Patients
in Computed Tomography Examination in
Kohgiluyeh and Boyer-Ahmad province. Iranian
Journal of Medical Physics. 2021;18(4):247-54.
Jafari S, Ghazikhanlu Sani K, Karimi M, Khosravi
H, Goodarzi R, Pourkaveh M. Establishment of

diagnostic  reference  levels for  computed
tomography scanning in hamadan. Journal of
Biomedical Physics & Engineering. 2020;

10(6):792-800.

Boone J, Strauss K, Cody D, McCollough C,
McNitt-Gray M, Toth T, et al. AAPM report No.
204: size-specific dose estimates (SSDE) in pediatric
and adult body CT examinations. American
Association of Physicists in Medicine website. 2011.
Zarei, F, Nasiri M, Etemadi Z, Haghighi RR,
Chatterjee S, Khaneghah PA, et al. Evaluation of
Size-Specific Dose Estimates for Optimizing
Pediatric Chest CT Protocol. Iranian Journal of
Medical Physics, 2022;19(5):315-21.

Protection, R. ICRP publication 103. Ann ICRP.
2007; 37(2.4):2.

Rostad BS, Applegate KE, Kim T, Mansour RM,
Milla SS. Multiphase acquisitions in pediatric
abdominal-pelvic CT are a common practice and
contribute to unnecessary radiation dose. Pediatric
Radiology. 2018;48(12):1714-23.

Liang CR, Chen PX, Kapur J, Ong MK, Quek ST,
Kapur SC. Establishment of institutional diagnostic
reference level for computed tomography with
automated dose-tracking software. Journal of
medical radiation sciences. 2017; 64(2):82-9.
Abuzaid MM, Elshami W, El Serafi A, Hussien T,
McConnell J, Tekin Ho. Toward national CT
diagnostic reference levels in the United Arab
Emirates: a multicenter review of CT dose index and
dose length product. Radiation protection dosimetry.
2020;190(3):243-49.

Kayun Z, Karim MK, Harun HH, Shaari AH,
Mahmud R, Hamid HA, et al. Radiation doses and
size-specific dose estimate from CT brain
examinations according to head sizes in a tertiary
hospital in Malaysia. Radiation Physics and
Chemistry. 2021;189:109694.

Dalah EZ, Obaideen A, Anam S, Khalid M,
Nadishani T, Hashim S, et al. Cumulative lifetime
attributed risks for patients subjected to contrast
enhanced chest CT examinations. Radiation Physics
and Chemistry. 2021; 189:109710.

Al Naomi H, Aly A, Kharita MH, Al Hilli S, Al
Obadli A, Singh R, et al. Multiphase abdomen-pelvis
CT in women of childbearing potential (WOCBP):
Justification and radiation dose. Medicine. 2020;
99(4):18485.

Iran J Med Phys, Vol. 20, No. 2, March 2023



Mohammad Keshtkar ; g

Radiation Dose in Abdominopelvic CT

25. Giannitto C, Campoleoni M, Maccagnoni S,
Angileri AS, Grimaldi MC, Giannitto N, et al.
Unindicated multiphase CT scans in non-traumatic
abdominal emergencies for women of reproductive
age: a significant source of unnecessary exposure.
La radiologia medica. 2018; 123(3):185-90.

26. Hoang JK, Reiman RE, Nguyen GB, Januzis N,
Chin BB, Lowry C, Yoshizumi TT. Lifetime
attributable risk of cancer from radiation exposure
during parathyroid imaging: comparison of 4D CT
and parathyroid scintigraphy. American Journal of
Roentgenology. 2015 May;204(5):W579-85.

Iran J Med Phys, Vol. 20, No. 2, March 2023

86



