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As a diagnostic modality, computed tomography (CT) delivers higher radiation doses compared to other imaging modalities.

CT requests increase rapidly, hence radiation dose assessment and protection are important. This study assessed the patient
radiation dose and estimated organ doses for patients undergoing abdominopelvic CT examination. This study was conducted
at three radiology departments equipped with 128-slice CT machines (Philips iCT) calibrated according to international
protocols in the West Bank, Palestine. A total of 200 patients underwent abdominopelvic CT examinations. Organ and
effective doses were evaluated using a web-based Monte Carlo CT dose calculator: WAZA-ARI dosimetry system that has
male and female tissue equivalent phantoms of various ages and sizes. For every patient, a corresponding phantom was
selected according to tomographic parameters. For all patients, the colon dose ranged from 5.4 to 26.1 mGy per examination,
with a mean colon dose of 14 mGy. The effective dose from abdominopelvic CT scan per examination ranged from 2.04 to
8.4 mSv with an average of 4.8 mSv. It is essential to improve radiographers’ knowledge of radiation dose in CT protocols and
to receive continuous education and training regarding radiation dose optimization and reduction strategies.
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I INTRODUCTION

X-ray imaging procedures use ionizing radiation to generate
the images of the body, and this ionizing radiation produces
several adverse biological effects including cell death,
radiation-induced changes in the genes responsible for cell
growth, abnormal nuclear structure, deoxyribonucleic acid
damage, and cancer induction.” Regarding high radiation
doses, there are specific dose thresholds to induce radiation
risks in several human tissues.” Since the introduction of
computed tomography (CT) in 1971, its use in medical
imaging has increased widely over the past several decades.”
The number of scanners is dramatically increasing with
continuous and wide improvements in image quality, temporal
and spatial resolutions, accuracy, and scan times.*>

Although CT technology improves significantly and
provides a more accurate diagnosis of several diseases
compared to other imaging modalities,> ¥ it raises a health
concern for individuals receiving high radiation dose during
scanning, which is both age and sex dependent.® It is estimated
in a study in the US that approximately 29,000 future cancers
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could be related to CT scan.>?

Various studies reported a wide variation in patient radiation
dose.> 7 Furthermore, it has been reported that patient
effective doses during abdominopelvic CT examinations range
between 5.4 and 19.8 mSv.'¥ Patient radiation doses during
abdominopelvic CT examination and detriment risk data are
limited; hence, it is necessary to evaluate patient radiation
doses to justify the use of CT, optimize patient protection,
and balance the risks versus benefits of CT examination.> ®
According to the ICRP guidelines, the radiosensitivity of
cells, organs, or tissues to the detrimental effects of ionizing
radiation varies for different tissues and organs depending
on age and physical and biological factors.> ¥ Lung, breast,
stomach, together with active bone marrow are the most
radiosensitive tissues, whereas the remaining tissues have
a variety of sensitivities.? The stomach, colon, and bladder
are directly situated in the field of view for abdominopelvic
CT scans. It is essential to estimate organ doses during
CT examination. Radiation dosimetry is recommended in
assessing patient radiation dose to improve the clinical practice
of CT.

The assessment method of radiation dose received during
CT examinations have been described in various literature. The
direct method in assessing patient dose is to measure radiation
organ doses using patient-like phantoms utilizing specific
body region coefficients and dose length product (DLP). These
coefficients can be used to convert DLP values to effective
doses.'” Another method for the estimation of patient dose in
CT is by Monte Carlo simulations'® using patient and scanner
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characteristics.'” Effective and organ doses can be calculated
using normalized data based on Monte Carlo simulations as
mentioned in some literature.'s ')

The elevated patient radiation dose in CT is a product
of multiple factors such as overlapped scans, repeated
examinations, inappropriate exposure parameters, and possible
larger scan volume coverage. This study aimed to assess the
patient effective and organ doses during abdominopelvic CT
examination in the West Bank, Palestine.

I MATERIALS AND METHODS

2.1 Computed tomography machines and patient
radiation dose indicators

The Three 128-slice CT scanners (MSCT, Philips Brilliance
iCT, Amsterdam, Netherlands) were installed in 2010. The
MSCT comprises detector rows (128 x 0.625 mm) with a
maximum gantry rotation speed of 0.5s. All quality control
tests were performed on the machines prior to data collection.
A quality control test of the accuracy of the CTDI display
which is being used to quantify patient dose was carried out
using an acrylic cylinder phantom with an ion chamber. All
the parameters were within acceptable ranges. Radiation
dose estimates were determined using the volume CT dose
index (CTDIvol) in mGy and the dose-length product
(DLP) in mGy*cm as provided on the scanner console. All
abdominopelvic CT scans were made in the helical mode.
Organ doses were estimated using the WAZA-ARI version 2
CT dosimetry system, which is a web-based open Monte Carlo
simulation software for CT dose calculations.”” WAZA-ARI
v2 enables users provides CTDI and DLP data according to
each CT scanner, in addition to the assessment of organ doses.
It includes a library of patient models that cover both male and
female patients of various ages and body weights. It can be
used with many CT scanner models and utilizes both ICRP-
60 and ICRP-103 weighting schemes on effective dose.” The
scan parameters that were selected in the WAZA ARI v2 for
effective and organ dose calculations in addition to the scanner
model include filter type, tube potential (kV), rotation time
(s), pitch factor, beam width (mm), and gender. The selection
of the used phantom size for dose calculation depend on
patients’ body sizes (BMI). The WAZA ARI v2 provides an
additional option within the phantom item, which is “Adult
optional phantom.” By selecting “Adult optional phantom,”
two additional inputs appear for inserting patient’s height and
weight. Therefore, a user may select from WAZA ARI v2
standard Japanese phantoms, or choose to insert additional
adult optional phantom size using patient’s height and weight

parameters. The former can be applied to Japanese study
conditions, whereas the latter can be used for international
studies on nations with different body sizes. The scan range
(FOV) was set for each patient by entering the scanning range
begin and end positions (mm) in WAZA ARI v2. The scan
range begin and end positions (superior and inferior borders of
the scan range) were taken from each patient CT scan details
and entered in the WAZA ARI v2 to determine the scan length.

2.2 Organ and effective dose calculations

Patient exposure parameters and DLP (mGy*cm) were
used to estimate both the effective (E) and organ equivalent
doses (H) using the WAZA-ARI version 2 software. The
organ equivalent dose (mSv) is calculated using the following
equation:

Hy= Y Wy x Dpy (1)
R

where D, , indicates the mean absorbed dose to the organ (T)
from radiation (R) and W, is the radiation-weighting factor
(W, for X-ray is 1).» DLP and CTDIvol were extracted from a
dose summary page which appears on CT scanner monitor for
every scanned patient. DLP indicates the dose imparted to a
patient and is used to calculate the effective dose in mSv from
abdominopelvic CT by being multiplied with an appropriate
conversion factor (0.015).2)

III RESULTS

Radiation dose was evaluated in one of the most frequently
requested CT studies: adult abdominopelvic CT performed
without contrast material (single phase, unenhanced). A total
of 200 adult patients (61.5%, men; 38.5%, women) underwent
abdominopelvic CT examination (Table 1). Patient-related
parameters (age, sex, body mass index (BMI)) and radiation
exposure-related parameters (tube current (mA), exposure
time, tube potential (kVp), slice thickness, and number of
slices) were also considered.

The age, weight, and height of patients ranged from 18
to 80 years, from 54 to 110 kg, and from 150 to 186 cm,
respectively. BMI was calculated from the weights and heights
of each patient based on the following equation BMI: weight/
(height in m?). Calculated body mass indices for all patients in
the three radiology departments ranged from 17 to 41 kg/m>.

The mean age of the 200 patients was 45 and 47 years for
men and women, respectively, as presented in Table 1. Tube
potential and pitch were used with auto mA settings, and the
range for the used mA is shown in Table 1. The measured

Table 1 Image acquisition parameters according to sex.
Gender l\é[g:n(}fg% lidl\/ir(lkig/;l]l;) Tube voltage Tub;:/[z;rintsgnA) Pitch Collimation Slice Thickness
(Min-Max)  (Min-Max) (kVp) (Min—Max) (mm) (mm)
Men o o 120 e 1 128 x 0.625 5
Women 4178j—t8107 ;g_j? 120 ?;3222 1 128 x 0.625 5
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patient radiation doses with respect to CTDIvol (mGy), DLP
(mGy*cm), effective dose, and colon organ dose values for all
patients are shown in Table 2.

The mean patient and organ radiation doses according to sex
showed some variation. This difference is possibly attributed
to several exposure parameters, which were based on the
patients” demographic data and covered scanning volume.

IV DISCUSSIONS

4.1 Patient dosimetry

CT imaging technology significantly contributed to the
establishment of diagnosis of various diseases; however,
the patient radiation dose in CT is significantly higher than
that in other radiologic examinations. Table 1 represents
the abdominopelvic CT scan parameters. A constant voltage
potential (120 kVp) was used with variable mA (105 to
364), which is possibly attributed to different patient sizes.
Additionally, DLP values varied considering the differences
in mA and covered scan volume. Generally, the radiation dose
is directly proportional to mA. Therefore, a reduction in the
tube current value will reduce the patient radiation dose. The
mean and range values of CTDIvol (mGy), DLP (mGy*cm),
effective (mSv) and organ doses (mGy) are shown in Table 2.

There are several factors that affect the radiation dose from
abdominopelvic CT examination including X-ray tube voltage
and current, tube rotation time, slice thickness, pitch, and the
utilization of dose reduction protocols, if available.

4.2 Organ dose calculations

Certain radiosensitive organs are directly irradiated during
abdominopelvic CT imaging, such as the stomach, colon,
uterus, and prostate. The stomach, colon, uterus, and prostate
are expected to receive high radiation doses due to their higher
radiosensitivity. Additionally, colon has larger surface area
compared to other abdominopelvic organs.

In this study, the colon received mean radiation doses of
14 mGy, for both men and women. However, the stomach
dose in women was a bit higher (16.6 mGy) compared to men
(14 mGy). These values are relatively higher compared with
the values observed in a previous study.”” SABARUDIN et
al.?? reported that the stomach and colon received average
radiation doses of ~9 and 11 mGy, respectively. In this
study, the mean radiation doses received by the uterus are
comparable to the previously reported average doses received
by the uterus (12.10+2.57 mGy) in a previous study.>®
It should be noted that the number of CT scans in a given
study is an important factor in determining the radiation

dose. METTLER et al.* reported that patients undergoing
abdominopelvic CT examination virtually undergo more
than one scan during any single examination. DE MAURI
et al.?¥ reported that the average number of scans per single
CT examination is 2.4 for abdominopelvic CT. Generally, the
published estimates of typically effective radiation doses in
CT procedures are reported for a single CT scan. The simple
recording of a CT examination without the exact number of
scans per examination may lead to a serious underestimation
of both the effective and organ doses. Other medical imaging
alternatives should be considered instead of CT, such as
magnetic resonance imaging.

Certain dose reduction strategies aimed at reducing patient
radiation dose from CT examination, such as the use of
tube current (mA) modulation,® iterative reconstruction
techniques,”” patient radiation dose optimization protocols,
staff awareness, and use of advanced imaging technologies, are
found in the literature.?® > Consequently, radiation protection
during CT examinations is significantly important, irrespective
of the amount of radiation dose received.

V  CONCLUSIONS

Abdominopelvic CT examination, which is frequently
requested, is considered a high radiation dose procedure.
Radiosensitive organs receive a significant radiation dose
during CT examinations. With appropriate evaluation of
patient radiation dose, radiation awareness will be improved.
The radiation exposure should be reduced and kept as low as
reasonably achievable. CT procedure is operator-dependent,
and continuous training in CT use and radiation safety is
crucial. Repetition of examinations should always be avoided.
A Palestinian national survey is highly recommended to
establish the national diagnostic reference levels for various
CT examinations.

ACKNOWLEDGEMENTS

The authors acknowledge that Ms. Marah QAWASMI, Ms.
Noor JAABES, Ms. Braa JOULANI and Ms. Sabreen ABU
SARHAN, who have aided the authors in accomplishing the
work presented. There were no sources of funding.

CONFLICT OF INTEREST DISCLOSURE
The authors indicated no conflicts of interest.
REFERENCES

1) D. SHAH, R. SACHS and D. WILSON; Radiation-
induced cancer: a modern view, Br. J. Radiol., 85 (1020),

Table 2 Patient effective and organ doses during abdominopelvic CT examinations.

CTDIvol (mGy) DLP (mGy*cm) Effective dose (mSv) Colon dose (mGy) Stomach dose (mGy) Prostate/Uterus dose (mGy)

Gender Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
(Min—-Max) (Min—-Max) (Min—-Max) (Min—-Max) (Min—-Max) (Min—-Max)
Men 8+3 350+ 113 5+2 14+5 14+5 10+4
3.2-12.9 136-513 2.04-7.7 5.4-20.4 3-20.2 3.7-15.8
Women 8.1+24 306.2+91.9 46+14 14.1+42 16.6 £5.1 104+34
3.9-14.7 148.1-556.7 2.2-84 6.9-26.1 8.1-30.5 4.8-19.4




78 Hussein ALMASRI and Wala INAYYEM

1166-1173 (2012).

2) ICRP; The 2007 Recommendations of the International
Commission on Radiological Protection. ICRP publication
103, Ann. ICRP, 37, 1-332 (2007).

3) D. BRENNER and E. HALL; Computed tomography
—an increasing source of radiation exposure: Commentary,
New Engl. J. Med. Rev., 48 (4), 657 (2008).

4) Z.SUN, G. CHOO and K. NG; Coronary CT angiography:
current status and continuing challenges, Br: J. Radiol., 85
(1013), 495-510 (2012).

5) C. MCCLLOUGH, A. PRIMAK, N. BRAUN, 1J.
KOFLER, L. YU and J. CHRISTNER; Strategies for
reducing radiation dose in CT, Radiol. Clin. North Am., 47
(1), 27-40 (2009).

6) ICRP; Annals of the ICRP. ICRP Publication 92, annals
of ICRP 28 Managing Patient Dose in Multi-Detector
Computed Tomography (MDCT) (2007).

7) A. BERRINGTON DE GONZALEZ, M. MAHESH, K.
KIM, M. BHARGAVAN, R. LEWIS, F. METTLER, et
al.; Projected cancer risks from computed tomographic
scans performed in the United States in 2007, Arch. Intern.
Med., 169 (22),2071-2077 (2009).

8) J. CLARKE, K. CRANLEY, J. ROBINSON, P. SMITH
and A. WORKMAN; Application of draft European
Commission reference levels to a regional CT dose survey,
Br. J. Radiol. 73 (865), 43-50 (2000).

9) G.BRIX, H. NAGEL, G. STAMM, R. VEIT, U. LECHEL,
J. GRIEBEL, et al.; Radiation exposure in multi-slice
versus single-slice spiral CT: Results of a nationwide
survey, Eur. Radiol., 13 (8), 1979-1991 (2003).

10) P. SHRIMPTON, M. HILLIER, M. LEWIS and M.
DUNN; National survey of doses from CT in the UK:
2003, Br. J. Radiol., 79 (948), 968-980 (2000).

11) D. ORIGG]I, S. VIGORITO, G. VILLA, M. BELLOMI
and G. TOSI; Survey of computed tomography techniques
and absorbed dose in Italian hospitals: a comparison
between two methods to estimate the dose-length product
and the effective dose and to verify fulfilment of the
diagnostic reference levels, Eur. Radiol., 16 (1), 227-237
(2006).

12) J. ALDRICH, A-M BILAWICH and J. MAYO; Radiation
doses to patients receiving computed tomography
examinations in British Columbia, Can. Assoc. Radiol. J.,
57 (2), 79-85 (2000).

13) H. TSAL C. TUNG, C. YU and Y. TYAN; Survey
of computed tomography scanners in Taiwan: dose
descriptors, dose guidance levels, and effective doses,
Med. Phys., 34 (4), 1234-1243 (2007).

14) E. OSEI and J. DARKO; A survey of organ equivalent
and effective doses from diagnostic radiology procedures,
ISRN Radiol., 2013, 1-9 (2012).

15) P. DEAK, Y. SMAL and W. KALENDER; Multisection
CT protocols: sex- and age-specific conversion factors
used to determine effective dose from dose length product,
Radiology, 257, 158-166 (2010).

16) G. JARRY, J. DEMARCO, U. BEIFUSS, C. CAGNON
and M. MCNITT-GRAY; A Monte Carlo-based method

to estimate radiation dose from spiral CT: from phantom
testing to patient-specific models, Phys. Med. Biol., 48,
2645-2663 (2003).

17) J. DAMILAKIS, K. PERISINAKIS, A. TZEDAKIS, A.
PAPADAKIS and A. KARANTANAS; Radiation dose
to the conceptus from multidetector CT during early
gestation: a method that allows for variations in maternal
body size and conceptus position, Radiology, 257, 483—
489 (2010).

18) A. TZEDAKIS, J. DAMILAKIS, K. PERISINAKIS,
J. STRATAKIS, and N. GOURTSOYIANNIS; The
effect of z-overscanning on patient effective dose from
multidetector helical computed tomography examinations,
Med. Phys., 32, 1621-1629 (2005).

19) M. MAZONAKIS, A. TZEDAKIS, J. DAMILAKIS and
N. GOURTSOYIANNIS; Thyroid dose from common
head and neck CT examinations in children: is there an
excess risk for thyroid cancer induction? Eur. Radiol., 17,
1352-1357 (2007).

20) F. TAKAHASHI, K. SATO, A. ENDO, K. ONO, N.
BAN, T. HASEGAWA T, et al.; Numerical analysis of
organ doses delivered during computed tomography
examinations using Japanese Adult Phantoms with the
WAZA-ARI dosimetry system, Health Phys., 109 (2),
104-112 (2015).

21) American Association of Physicists in Medicine (AAPM)
Report 96; The Measurement, Reporting, and Management
of Radiation Dose in CT, New York: AAPM, (2008).

22) A. SABARUDIN, Z. MUSTAFA, K. NASSIR, H.
HAMID and Z. SUN; Radiation dose reduction in thoracic
and abdomen-pelvic CT using tube current modulation: a
phantom study, J. Appl. Clin. Med. Phys., 16 (1), 319-328
(2015).

23) R. OBED, G. OGBOLE and B. MAJOLAGBE; Radiation
doses to the uterus and ovaries in abdominopelvic
computed tomography in a Nigerian Tertiary Hospital,
West African J. Radiol., 23 (1), 7-11 (2016).

24) J. METTLER, P. WIEST, J. LOCKEN and C. KELSEY;
CT scanning: patterns of use and dose, J. Radiol. Prot., 20
(4), 353-359 (2000).

25) A. DE MAURI, M. BRAMBILLA, D. CHISRINOTTI,
R. MATHEOUD, A. CARRIERO and M. DE LEO;
Estimated radiation exposure from medical imaging in
hemodialysis patients, J. Am. Soc. Nephrol., 22 (3), 571—
578 (2011).

26) C. MCCOLLOUGH, M. BRUESEWITZ and J. KOFLER;
CT dose reduction and dose management tools: overview
of available options, RadioGraphics, 5 (5), 555 (2006).

27) G. LASIO, B. WHITING and J. WILLIAMSON;
Statistical reconstruction for x-ray computed tomography
using energy-integrating detectors, Phys. Med. Biol., 52
(8), 2247-2266 (2007).

28) P. DEAK, O. LSNGNER, M. LELL and W. KALENDER;
Effects of adaptive section collimation on patient radiation
dose in multisection spiral CT, Radiology, 252 (1), 140-
147 (2009).

29) L. YU, X. LIU, S. LENG, J. KOFLER, J. RAMIREZ-



Evaluation of Radiation Doses for Patients Undergoing Abdominopelvic Computed Tomography Examination in Palestine 79

GIRALDO, M. QU, et al.; Radiation dose reduction in
computed tomography: techniques and future perspective,
Imaging Med., 1 (1), 65-84 (2009).

Hussein ALMASRI

Hussein ALMASRI received a PhD in
Medicine, Radiology from the University
of the Ryukyus, Okinawa, Japan in 2014.
He has been working as Head of Medical
Imaging Department, Al-Quds University,
i.© Jerusalem, Palestine. In 2016, he was an
international invited speaker at the JSMP 112. The main field
of research is medical imaging and radiation dosimetry; in
particular, radiation dose assessment in medical diagnostic and
therapeutic applications.

Wala INAYYEM

Wala INAYYEM received an MSc in Public
Health from Al-Quds University, Jerusalem,
Palestine in 2015. She has been working as a
radiographer at the Ministry of Health since

2016. The main field of research is radiation

dose assessment in medical diagnostic





