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ABSTRACT

Introduction: There is a paucity of large-scale studies reporting organ
doses and cancer risks in patients who undergo indication-specific CT
examinations. This study estimated organ-specific lifetime attributable
risk (LAR) of cancer incidence and mortality among patients who
underwent indication-based computed tomography (CT) examina-
tions [(involving abdominopelvic lesion, kidney stones and computed
tomography-intravenous urography (CT-IVU)] in about 70% of the
functioning CT facilities in Ghana.

Methods: With a total of 1,100 data sets, organ doses were first de-
termined using the National Cancer Institute Dosimetry System for
CT (NCICTX) software version 2.1, and LAR values were predicted
using the BEIR VII model.

Results: The estimated radiation-induced colon cancer risks were
likely in 39.4-59.8 out of 100,000 patients who underwent CT be-
cause of abdominopelvic lesion. The risk was even higher in CT-IVU
examinations (53.3-66.4 patients in 100,000 procedures) but was rel-
atively less (16.8-26.3 patients) in kidney stone procedures. Accord-
ingly, the risk of radiation-induced colon mortality was more com-

mon in CT-IVU than in kidney stone procedures (22.7-28.2 versus
7.2-12.5 patients in 100,000 procedures).

Conclusion: These results call for further optimisation actions for
indication-specific CT examinations to appropriately reduce the po-
tential risk levels for patients’ protection and safety.

RéSUM¢

Introduction: Il'y a peu d’études a grande échelle rapportant les doses
aux organes et les risques de cancer chez les patients qui subissent des
examens de tomodensitométrie en fonction de leur indication. Cette
étude a estimé le risque attribuable 4 vie (RAV) spécifique 4 un organe
pour l'incidence du cancer et la mortalité chez les patients qui ont
subi des examens de tomodensitométrie (TDM) basés sur 'indication
[(impliquant une lésion abdominopelvienne, des calculs rénaux et une
urographie intraveineuse par tomodensitométrie (TDM-UIV)] dans
environ 70 % des installations de TDM en service au Ghana.

Méthodologie: Avec un total de 1 100 ensembles de données, les
doses aux organes ont d’abord été déterminées a 'aide du logiciel NCI-
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CTX (National Cancer Institute Dosimetry System for CT), version
2.1, et les valeurs RAV ont été prédites & I'aide du modéle BEIR VIL

Résultats: Les risques estimés de cancer du cdlon radio-induit étaient
probables chez 39,4-59,8 patients sur 100 000 procédures de lésions
abdominopelviennes. Le risque était encore plus élevé dans les exam-
ens TDM-UIV (53,3-66,4 patients sur 100 000 procédures) mais était
relativement moindre (16,8-26,3 patients) dans les procédures de cal-
culs rénaux. En conséquence, le risque de mortalité radio-induite dans
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le cOlon érait plus fréquent dans les examens TDM-UIV que dans les
procédures de calculs rénaux (22,7-28,2 contre 7,2-12,5 patients pour
100 000 procédures).

Conclusion:  Ces résultats appellent & de nouvelles actions
d’optimisation pour les examens TDM spécifiques a une indication
afin de réduire de maniére appropriée les niveaux de risque potentiels

pour la protection et la sécurité des patients.

Keywords: Organ-specific lifetime attributable risk; Indication-based cancer risks; computed tomography; Ghana; common indication dose

Introduction

There is no doubt that computed tomography (CT) imaging is
a very reliable tool in medical imaging, and it continues to be
used to improve patients’ health outcomes globally. The exten-
sive use of CT in clinical practice has been shown to decrease
the proportion of patients needing inpatient admission [1,2].
Due to its usefulness, the demand has increased drastically in
recent years not only in general applications, but also in newer
areas such as dual energy CT [3].

However, these examinations are not radiation-risk free.
There have been regular reports of potential radiation risks for
the past two decades, to the extent that CT utilisation in radi-
ation medicine has generated a lot of interest all these years* .
The available measures recommended to reduce the potential
risk of radiation include dose optimization. However, as part
of the optimization process, there is the need to first appreciate
the dose levels emanating from any given radiological exami-
nation and their impact on human organs in order to proffer
appropriate optimization measures.

In Ghana, a number of studies have been conducted on CT
dose levels. However, there is a paucity of large-scale studies re-
porting organ doses and cancer risks in patients who undergo
indication-specific CT examinations. This study, therefore, es-
timated organ-specific lifetime attributable risk (LAR) of cancer
incidence and mortality among patients who underwent CT
examinations for various indications of the abdominopelvic re-

gion of the body in Ghana.

Methods and materials

The study was approved by the Ethics Committee for Basic
and Applied Sciences of University of Ghana (REE. No: ECBAS
041/17-18), the Ghana Health Service Ethics Review Com-
mittee (REF NO: GHS-ERC002/04/18), Korle Bu Teaching
Hospital’s Scientific and Technical Committee (KBTH-STC)
and the Institutional Review Board (KBTHIRB) (REF NO:
KBTH-IRB/00092/2017). Using a cross-sectional study de-
sign, demographic, CT dose descriptors/quantities, exposure
factors and image quality data were collected from 24 CT fa-
cilities in Ghana. These facilities (Table 1) constituted about
70% of CT scanners in Ghana at the time of the study [9] and
were those which were functioning, dedicated for diagnostic

purposes and available for the study. Before the data collection
process, quality control (QC) tests on all the equipment were
undertaken. Upon observing satisfactory QC results (published
elsewhere [10]) across the facilities, image folders of CT scans
performed on the account of an abdominopelvic lesion, kid-
ney stones and urothelial malignancy (CT-IVU) were collected
across the participating facilities. The folders contained the scan
images as well as the CT dose descriptors/quantities and expo-
sure factors.

To estimate the effective dose associated with each of the
considered indications, equation 1.0 was used:

Ep=DLP x k (1.0)

where:

Ep is the effective dose, DLP is the dose length product and
k is the region-specific DLP to Ep conversion factor (where k
for abdominopelvic region is 0.0150 mSv-mGy 'em™!) [11].

In evaluating the magnitude of the effective doses, the av-
erage effective doses for the indications were compared to the
global average natural background radiation of approximately
2.4 mSv [12,13].

Organ dose estimation

Organ doses, which are important for the estimation of can-
cer risks [8,14], were first determined using the National Can-
cer Institute Dosimetry System for CT (NCICTX) (software
version 2.1, Bethesda, USA) [14,15]. The software is based
on a comprehensive library of computational human phan-
toms (surrogate anatomy for patients) combined with Monte
Carlo radiation simulation of reference CT scanners and is a
known reliable tool for estimating organ doses [15]. Through
the graphical user interface (GUI), the relevant parameters were
entered into the NCICT software and organ doses for individ-
ual patients were normalized and derived from the output in-
terface as required by the system. Variables that were plugged in
included age, gender, scan manufacturer, model, body part, fil-
ter type, tube potential, current-time product, pitch, total col-
limation, CTDI,, and scan length. Fig. 1 shows the NCICTX
software GUI which allowed organ doses to be obtained based
on the entered CTDI,, and patient- and scan-specific param-
eters.
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Table 1

CT equipment in facilities
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CT Ownership Manufacturer Model MY IY Detector row/slice

1D

I G Toshiba Aquilion One 2012 2012 320/640
TSX-301A

1I P Siemens Somatom Emotion 2006 2011 6
6

11 P GE Brightspeed Elite 2011 2011 16

v prp Philips Brilliance ICT 2015 2016 128

\Y% P GE VCT Lightspeed 2008 2009 64

VI P Siemens Somatom 2016 2017 64
Perspective

VII G GE Lightspeed Pro 16~ 2011 2011 16

VIII P GE Brivo CT 385 2015 2016 16
series

X G Siemens Somatom Emotion 2007 2008 6

X G Toshiba Aquilion 2016 2016 16
TSX-101A

XI G Toshiba Aquilion 2013 2013 16
TSX-101A

XII G Toshiba Aquilion CXL 2015 2015 32
TSX-101A

XIII G Toshiba Aquilion CXL 2012 2015 32
TSX101A

X1v P GE Revolution Evo 2017 2017 64

XV P Philips Brilliance 2009 2010 4

XVI P Hitachi Supria 2015 2015 16

XVII prp Philips Brilliance extended 2007 2010 64

XVIIL P Siemens Somatom Emotion 2009 2010 16

XIX PPP GE GE Revolution 2018 2018 64
5492001

XX P Siemens Somatom 2015 2016 64
Definition AS

XXI P Toshiba Asteion 2009 2016 4

XXII G Toshiba Aquilion 2015 2015 16
TSX-101A

XXIIT G Toshiba Aquilion 2012 2013 16
TSX-101A

XXIV G GE Optima 660 2016 2016 64

Key: P: private, G: government/public, PPP: public—private partnership, MY: manufactured year, IY: installation year. CT: computed tomography. ID:

Identity number.

Estimation of cancer risk

After deriving the organ doses, the BEIR VII model was ap-
plied to predict the Lifetime Attributable Risk (LAR) of cancer
based on the magnitude of a single radiation exposure, patient’s
age and gender [16]. The LAR is defined as an additional can-
cer risk above and beyond baseline cancer risk [16]. The model
was developed based on the extensive studies on the survivors of
the Hiroshima and Nagasaki atomic bombs, and medical, oc-
cupational and environmental radiation studies [16]. Theoret-
ically, the model is grounded on the linear no-threshold model
(LNT) which is centred on the assumption that the smallest
dose has the potential to cause a small increase in radiation risk
to humans for doses below 100 mSv [16]. LAR of cancer and
mortality coefficients data as presented in Tables 12D-1 and
12D-2 of the BEIR VII report [16] were utilised to estimate
the cancer risks. Using the age of exposure and gender parame-
ters, the LAR of cancer incidence (LAR7) and cancer mortality

(LARm) from organ doses were subsequently extrapolated for
patients (at age 20, 40 and 60 years) by the BEIR VII model as
presented in proportions via Equations (2) and (3) below.

D()l'7
LAR/ = |:<O—;’Gy> LARz'fi| in 100, 000 patients (2)

D,
LAR» = [( 5 fg Gy) LARw» f} in 100, 000 patients

€)

where LAR; and LAR,, represent the lifetime attributable risk of
cancer incidence and mortality, respectively whereas the LARif
and LARmf represent the BEIR VII organ-specific cancer inci-
dence and mortality coefficients/indices, normalised to age and
gender as given in Table 12D-2 in the BEIR VII report [16],
and D, is the organ dose in gray (Gy). The 0.1 Gy in the equa-
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Table 2

Descriptive statistics of exposures used in acquiring the images of the various indications considered in this study.

CTID Abdominopelvic lesion

Kidney stones

Urothelial malignancy (CT-IVU)

Tube Tube load Pitch Trot SL (mm) Tube Tube load Pitch Trot SL Tube Tube load Pitch Trot SL
voltage (mAs) (s) voltage  (mAs) (s) (mm) voltage (mAs) (S) (mm)
(kVp (kVp) (kVp)
I 120* 46.5°+15" 0.81* 0.5* 5* 120* 65.4°+ 0.5* 5* 120* 60.7°434> 12403  0.5* 5%
(419 33P 1.12°40.3" (529 (1.4
[40-104]¢ (559) (1.389) [30-190]¢  [0.8-1.39]¢
[33-156]  [0.81-
1.39]¢
1I 122°410°  83.2420P 2% 5% 130* 76*4+21° 1.4°40.3> 2% 5% 122,+10° 2% 5%
(130°) 1.24140.4" (729 (1.5% (130°) 63.4°+£16.7° 1.22°+0.4
[110-130]¢ (839 (1.29 [34-113]1¢  [0.8-1.8]¢ [110-130]¢ (659 (1.25%)
[38-113]¢ [0.8-1.8]¢ [34-88]¢ [0.8-1.8]¢
11 120* 125.7°469° 1.38* 0.8* 5% 120* 128.5°+ 1.38* 0.8* 5% 120* 147.8°+ 1.38* 0.8* 5%
(91°) 80" 87>
[61-303]¢ (889 (103¢)
[60-281]¢ [80-349]¢
v 120* 151°440° 1.3*40.1° 5% 120* 1.3°40.1°  0.5°+0.1°  5* 120* 5*
(155.5%) (1.4% 0.5*40.02" 159.5°+46" (1.39) (0.5 22.9°493.6" 1.22°40.14" 0.59°+0.2°
[88-221]¢ [1.1-1.514  (0.59 (150°) [1.1-1.514  [0.4-1)¢ (1939) (1.249) (0.5%
[0.4- [83-265]¢ [127-418]¢  [0.93- [0.4-1]¢
14 1.38]4
Y 120* 160°+91° 1.375* 0.5* 5% 120* 131,£77°  1.375* 0.5* 5% 120* 1.38* 0.5* 5%
(163°) (959 170.4* 433"
[32- [35-250]¢ (180°)
298] [101-199]¢
%t 117°+8P 104.1°+ 420 0.78°+ 0.65* 5% 100.3°+ 0.62°+ 5% 95.5°+27° 0.6 0.6 5*
(110°) (919 0.2° 115°49" 41° 0.7°40.01> 0.02° 120°+10.3>  (86°)
[110-130]¢  [59-244]¢ (0.6 (1109 (839 (0.6 (0.6 (120°) [58-169]¢
[0.6-1.2)¢ [110- [54-224]¢  [0.6-1.2]¢  [0.6-0.65]¢ [110-130]¢
130]¢
VII 120* 250°+ 73" 1.38* 0.8* 3.9°+1.8"  120* 256*°+74>  1.36* 0.8* 4.3*+1.5° - - - -
(2009 (59 (2209 (59
[220-4001¢ [1.25-5)¢ [220-4001¢ [1.25-5]¢
VIII 120* 91.4°+ 41° 1.6°4£0.1°  1* 5% 120* 84.6°+42" 1.6°+0.2° 1* 5% 120* 1.3%* 0.18* 5*
(80°) (1.75%) (64 113.2°443"
[60-190]¢ [1.38-1.75- [60-1091¢  (1.759 (122.59
174 [1.38- [56-161]¢
1.75)¢

(continued on next page)
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Table 2 (continued)

CTID Abdominopelvic lesion

Kidney stones

Urothelial malignancy (CT-IVU)

Tube Tube load Pitch Trot SL (mm) Tube Tube load Pitch Trot SL Tube Tube load Pitch Trot SL
voltage (mAs) (s) voltage  (mAs) (s) (mm) voltage (mAs) (S) (mm)
(kVp (kVp) (kVp)
IX 127.5°46"  75.4*°429° 1.3*40.3" 44°+14>  130* 54.6°429"  1.1°40.3" 3.9°£1.3>  130* 53*+16.7° 0.8* 3*
(130°) (569 (1.13%) 1.0°4.05(59) (549 (1.13%) 0.92:40.04" (3) (53.59133-  1.18*£0.3"
[110-130]¢  [33-432]¢ [0.8-1.8]  (1.290.5- [3-6]¢ [30-90]¢ [0.8-1.65]¢ (19 [3-6]4 90]¢ (1.29
2]4 [0.8-2]¢ [0.8-1.65]¢
X 120* 54,5415 0.9* £0.2°  0.5* 10* 120* 51.2°44>  1240.2° 0.5* 10* 120* 0.98* 0.5* 10*
(50°) (0.9 (529 (0.9 79.312438>
[46-116]¢ [0.9-0.5]¢ [48-65]¢ [0.9-1.5]¢ (919
[56-153]4
X1 120* 187+ 0.94* 0.8* 7* 120* 187+ 0.94* 0.8* 7* - - - - -
XII 120* 56.7°4+27° 0.8* 0.5* 6.8+ 3.1"  120* 51.4°4+23"  0.83* 0.5* 6.6'£2.9"  120* 0.82* 0.5*
(429 (59 (42.5% (59 46.5°49.8" 6.89£2.7" O
[40-120]¢ [3-10]¢ [40-120]¢ [3-10]¢ (42°) (59 -
[40-68]¢ [3-
10]4
XIII 120* 5244.6 0.94* 0.5* 10* 120* 51°42.7°  0.94* 0.5* 10* 120* 0.98* 0.5* —
(519 (509 60.35'+33.7 8.79+2.7 pa
[50-65]¢ [50-60]¢ (619 (109
[54-198]4 [1.25-
10]¢
XIV 117°47>  285.2°+ 131> 1.38* 0.9+  1.25% 100* 4152+ 1.38* 1* 1.25% 120* 23524630 1* 1.25
(120 (270.5%) 0.1° 70° (198°) 1.1°40.16"
[100-120]¢  [100-471]¢ (0.8 (431°) [185-406]¢  (0.989)
[0.8- [196-477]¢ [0.98-
14 1.38]¢
XV 120* 222.5'430° 0.8* 3.2°407°  120* 205415 0.8* 3* - - - - -
(200°) 0.96°40.01° (200°) 0.92740.06"
[200-300]¢ (0.9 (39 [200-250]¢  (0.99)
[0.7-1.2]¢ [2-5]4 [0.9-1.1}¢
XVI 120* 243.8* 1.06* 0.75*  2.5* 120* 243.8* 1.06* 0.8* 2.5%
XVIL  120* 279°4+96" 1* 120* 1* 120* 287.8+ 0.89* 0.75* 1*
(267°) 1.1340.09"  0.91°+0.16" 269.7°476° 1.45°+0.04" 0.95740.15" 69.7 3
[168-431]¢ (1.1 (19 (256°) (1.179) (19 (268°) &
[0.89- [0.5- [182-445]9  [1.02- [0.5-1]¢ [194-392]¢ )
1.17)¢ 174 1.17)¢ §

(continued on next page)
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Table 2 (continued)
CTID Abdominopelvic lesion Kidney stones Urothelial malignancy (CT-IVU)
Tube Tube load Pitch Trot SL (mm) Tube Tube load Pitch Trot SL Tube Tube load Pitch Trot SL
voltage (mAs) (s) voltage  (mAs) (s) (mm) voltage (mAs) S) (mm)
(kVp (kVp) (kVp)
XIII 130* 81.2°428P 0.8* 0.6 5* 130* 74.7° 426> 0.8* 0.6 5* 130* 60.2°4£23>  0.8* 0.6 5*
(76 (709 (539
[45-141]¢ [30-141]¢ [34-117]¢
XIX 120* 122.9°445" 5% 120* 1* 5% 0.98* 5%
(127.5% 1.72°40.03" 0.98°40.008" 115.3*457°  1.73°+0.03" 110°410.3>  137.72450.4" 1.740.03"
[53-176]¢ (1.759 (0.98°) (132.59 (1.75%) (110°) (174.5% (1.68°)
[1.68- [0.98- [40-180]1¢  [1.67- [110-120]¢  [53-176]¢  [1.67-
17514 14 1.75]4 1.75)¢4
XX 100* 139.5*439" 0.6* 0.5* 3* 100* 0.60* 0.5* 3.8°+0.4>  100* 0.6* 0.5*
(130 142.1°440° (4% 128.9°+41.0° 1.2°40.2°
[80-254]¢ (141°) [3-4]¢ (109°) (19
[80-254]¢ [79-215]4 [1-
1.5]4
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Key: ID= identify, kVp=peak kilovoltage, mAs=milliampere-second, trot=rotation time, std = standard deviation. CT-IVU = computed tomography Intravenous urogram.
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Fig. 1. Graphical user interface (GUI) of the NCICT program [14,15] showing an example of entered patient- and scan-specific parameters (on the right and middle)

and generated estimated organ doses in milligray (mGy) (on the left)

tion was used to account for the standardized 100 mGy used in
Table 12D-2 in the BEIR VII report.

Results and discussion

The radiation dose levels and their impact on the body in
relation to effective doses, LAR of cancer and mortality were es-
timated for common indication-specific CT procedures of the
abdominopelvic region, using data from about 70% of the CT
scanners in the country. The equipment coverage, to the best
of our knowledge, is the largest that has been used in evaluat-
ing organ-specific cancer risks in CT in Ghana. In all, a total
of 1,100 CT dose data sets were utilised in this study. These
comprised data from the abdominopelvic lesion (7=400),
kidney stones (»=400) and urothelial malignancy/CT-IVU
(n=300), respectively. The descriptive statistics of the scan
parameters used in each facility have been presented in
Table 2. Moreover, the summarized demographic character-
istics and average exposure parameters of all the facilities
that were utilized for the various indications are presented in
Table 3.

The estimated mean effective doses (Table 4) for single-
phase (non-contrast) procedures were generally lower than
multiple-phase (both contrast and non-contrast) procedures,
due to the number of examination series. The result was con-
sistent with data previously reported by Smith-Bindman et al
[17]. The highest (20.09 £ 12.19 mSv) and least (8.51 £ 3.0
mSv) mean effective doses were reported for the CT-IVU and
kidney stone examinations, respectively. The doses associated

with these two examinations differed by a factor of 2.4, sug-
gesting that the high-dose examinations could subject a pa-
tient to radiation levels equivalent to 8.4 years of natural back-
ground radiation. This necessitates radiation dose optimisa-
tion in CT imaging at the facilities, especially for CT-IVU
procedures.

Despite the fact that there are considerable uncertainties as-
sociated with cancer statistics and risk estimation, there has
been steady recognition that organ doses are the best to estimate
radiation risks [4,5]. The organ doses derived in this study in-
cluded the colon, uterus, testes, ovary, active marrow and shal-
low marrow among others (Table 5). Among these organs, the
colon received the highest dose during imaging for CT-IVU
(41.1 - 56.7 mGy), abdominopelvic lesion (41.7-41.9 mGy)
and kidney stones (17.9 - 18.5 mGy) across all ages (20, 40
and 60 years old). Even though the ranges of organ doses are
generally below the level required to yield deterministic effects,
stochastic effects of radiation dose on the other hand could not
be ruled out [18].

Due to the relatively high colon dose observed in the study,
it was not surprising that radiation-induced colon cancer risks
were very high in the region of about 39.4 - 59.8 patients in
100,000 abdominopelvic lesion procedures. The risk was even
higher in CT-IVU examinations, in a range of 53.3 - 66.4 pa-
tients in 100,000 procedures, but was relatively less (16.8-26.3
patients) in kidney stone procedures. Accordingly, the risk of
radiation-induced colon mortality was more common in CT-
IVU than in abdominopelvic lesion and kidney stone proce-
dures as indicated in Table 6.
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Table 3
Average scan parameters across all the facilities utilized to acquire the various images.
Indication Mean Gender Scan parameters (mean = std)
Age (years) Male: Female
Tube voltage Tube load Pitch Trot Mean slice Scan length
(kVp) (mAs) (s) thickness (cm)
(mm)
Abdominopelvic lesion 49.3+14.2 188:212 1175 £ 6.5 136.0 £81.4 1.11+0.2 0.75+0.2 5.20 £ 2.6 46.84 + 4.3
Kidney stones 40.1£5.1 191:209 119.0 £ 5.1 127.7+£70.3 1.12£0.2 0.75+0.3 5.30 £ 2.5 4431 £ 3.2
Urothelial malignancy =~ 48.7413.2 186:114 117.0 £9.5 1150 £73.0 1.08 £0.2 0.74 £ 0.3 5.10£2.4 45.13+ 4.3

(CT-IVU)

kVp=peak kilovoltage, mAs=milliampere-second, trot=rotation time, std = standard deviation, CT-IVU = computed tomography Intravenous urogram.

Table 4

Indication-specific effective doses and their equivalent background radiation levels

Indications Effective dose, Ep, (mSv)
Non-contrast Contrast phase Overall for Background radiation
phase examination equivalent®
Mean= SD Mean= SD Mean= SD

Abdominopelvic lesion 8.30 £5.24 8.87 £5.18 17.17 +10.00 7.2 years

Kidney stones 8.51 £5.01 - 8.51 £3.01 3.5 years

Urothelial malignancy 6.71£ 3.78 14.26 + 8.74 20.09 £ 12.19 8.4 years

(CT-IVU)

*Average yearly natural background radiation used &~ 2.4 mSv (Canadian Nuclear Safety Commission, 2019). CVA: cerebrovascular
accident, CKD: chronic kidney disease, SD: standard deviation, Ep: effective dose.

Table 5
Various organ doses associated with CT imaging for AP lesion, kidney stones and urothelial malignancy indications
Organ Organ doses (mGy)
AP lesion Kidney stones Urothelial malignancy
20 yrs 40 yrs 60 yrs 20 yrs 40 yrs 60 yrs 20 yrs 40 yrs 60 yrs

Mean =SD Mean£SD Mean+SD Mean+=SD Mean£SD Mean£+SD Mean£SD  Mean = SD  Mean & SD
Stomach wall 39.3+258 39.0+228 383+228 17.2%£l11.1 172+ 104 163+£9.9 38.0+£24.1 49.54+30.2 51.7+30.2

Liver 37.9+£251 37.74£222 372£222 16.7£10.8 16.7£10.2 15.6+9.5 36.6£233 49.1+£295 49.6+28.9
Gall bladder 35.6+228 355+£202 355+21.1 15.6 +9.9 15.7 £9.0 15.1+£94 3494219 464+27.6 47.7+283
Adrenals 327£209 3274185 32.7+£194 143£9.0 14.4 + 8.2 13.9 £ 8.7 32.14+20.1 42.8+£256 44.0+26.1
Spleen 36.6+£24.0 364+213 36.1%+21.5 16.1 £10.4 16.1 £9.7 152+9.3 3554225 473 +283 4824282
Pancreas 38.0+254 37.84225 372+£223 16.7£10.9 16.7+£10.3  156£9.5 36.7+£234 49.0+£294 49.5428.8
Kidney 39.9£257  39.84+22.8 39.7£23.6 17.5£11.1 17.6+102 16.8+£104 39.0+245 51.7+£30.7 53.3+315
Small intestine ~ 39.9 £25.1  40.2 +22.3 40.4 + 24.1 17.6+11.0 17.8 £9.9 173+£109 39.7+248 52.0+304 54.9433.0
Colon 41.7 £26.4 41.8+234 41.9+249 18.3%11.5 185£104 17.9+11.2 41.14+257 5444321 56.7=+33.8
Rectosigmoid 29.8£19.0 32.5%17.7 323+£200 13.9+£09.1 143+7.8 13.6 £ 8.7 3224202 39.7+247 4554284
U. Bladder 3404219 3744212 36.2 £22.1 16.2£10.6 16.3+9.5 150+£9.2 36.24+23.0 43.4+263 509+309
Prostate 8.1+109 11.0 £14.2 121+162 42+6.1 46+£5.6 55£7.0 11.3+£15.8 14.1+£21.3 22.6+27.6
Uterus 139+£19.2 153 +£194 120£17.1 7.0+£09.1 6.6+9.2 3.8+£57 12.74+18.6 162+187 135+194
Testes 1.6 £3.1 2.1+38 3.8 8.0 0.6£09 1.0£23 2.0£57 1.6 +24 1.9+34 5.0+7.0
Ovary 149 £20.5 16.3 £20.6 128+182 7.5+£9.6 7.0£9.38 4.1£6.1 13.5£19.8 161 £19.6 14.4 £20.7
Skin 11.2+£72 11.8£6.5 120+ 7.2 51+34 53+3.0 5.0 £ 3.0 11.6 £7.1 14.1 £8.5 16.5 £ 9.7
Muscle 12.7 £83 13.6+7.5 13.8 £8.5 5.9+4.0 6.1+35 5.6+3.5 13.4 £8.2 16.6 £9.3 19.1 £11.3
*Act. marrow 169 £11.0 17.5+£10.1 1724+103 7.5+£5.0 7.6 4.6 7.1+ 44 17.0+£10.8 21.6+£125 2344139
"S. marrow 14.5+9.6 13.8 £ 8.1 142+ 8.6 5.9 £ 3.1 6.4+ 4.1 5.8+3.5 14.1 £9.2 18.3+10.7 193+£11.3

*Act. = Active marrow
* S = Shallow; AP= abdominopelvic, SD = standard deviation, Yrs = years.

Although the organ dose likely to cause radiation-induced all the examinations and hence optimization of radiation expo-
leukaemia was lower than that received by the urinary blad- sure is highly recommended. The ovaries were also likely to de-
der across all indications, the LAR of leukaemia mortality was velop abdominopelvic lesion CT examination-induced cancer

higher than those observed in the urinary bladder (Table 6). in 7.5/100,000 (1 in 13,000), 5.1/100000 (1 in 19,608), and
This suggests a high likelihood of leukaemia mortality across 2.3/100,000 (1 in 43,478) people at age 20, 40 and 60 years, re-
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Table 6

Cancer and mortality risks associated with CT doses for AP lesion, kidney stones and urothelial malignancy/CT-IVU

[mNS;January 15, 2023;2:34]

Cancer site AP lesion Kidney stone Urothelial malignancy/CT-IVU
Age Organ LARi/ LARm Organ LARi/ LARm Organ LARi/ LARm
(i) dose (mGy) 100,000 /100,000 dose (mGy) 100,000 /100,000 dose (mGy) 100,000 /100,000
Stomach 20 39.3+£25.8 18.1 9.8 172+ 11.1 7.9 4.3 38.0 £24.1 17.5 9.5
40 39.0 +22.8 10.5 6.6 172+ 104 4.6 3.0 49.5 £30.2 13.4 8.7
60 383+228 7.7 3.0 16.3+9.9 3.3 2.2 51.7 £30.2 10.3 7.0
Liver 20 37.9+£251 83 6.6 16.7 £10.8 3.7 2.9 36.6 £23.3 8.1 6.4
40 377222 79 4.5 16.7£10.2 3.5 2.0 49.1 £29.5 10.3 5.9
60 3724222 52 3.5 15.6 £9.5 22 1.5 49.6 £28.9 6.9 4.7
Colon 20 41.7 £26.4 59.8 28.6 18.3 £11.5 26.3 12.5 41.1 £25.7 59.0 28.2
40 41.8+23.4 51.0 20.3 18.5+ 104 22.6 9.0 54.4 £32.1 66.4 26.4
60 41.9+249 394 16.8 179 £ 11.2 16.8 7.2 56.7 £33.8 53.3 22.7
Prostate 20 8.1£10.9 3.8 0.7 42+6.1 2.0 0.4 11.3 £15.8 5.4 1.0
40 11.0+ 142 39 0.7 4.6+5.6 1.6 0.3 14.1 £21.3 5.0 0.8
60 12.1 £16.2 3.2 0.9 55£7.0 1.4 0.4 22.6 £27.6 6.0 1.6
Leukaemia 20 16.9 £11.0 14.1 10.0 7.5+£5.0 14.6 10.3 17.0 £10.8 14.4 10.1
40 17.5 £ 10.1 12.8 10.4 7.6 £4.6 12.8 10.5 21.6 £12.5 12.5 10.2
60 17.2 £10.3 12.0 11.0 7.1+44 15.0 13.8 23.4 +13.9 16.3 15.0
Urinary 20 34.0+219 371 18.4 16.2 £10.6 17.7 4.4 36.2+£23.0 395 9.8
Bladder 40 37.4+21.2 295 7.5 163 £9.5 12.9 3.3 4344263 34.3 8.7
60 36.2£22.1 23.5 7.1 15.0+£9.2 9.8 2.9 50.9£309 33.1 9.9
Uterus 20 139+£19.2 3.6 0.8 7.0+9.1 1.8 0.42 127 +18.6 3.3 0.76
40 153+194 2.4 0.6 6.6+£9.2 1.1 0.31 16.2 + 18.7 2.6 0.65
60 12.0 £17.1 1.9 0.4 3.8+57 0.3 0.11 13.5+19.4 1.2 0.41
Ovary 20 14.9 £+ 20.5 7.5 4.2 7.5+£9.6 3.8 2.1 13.5+19.8 6.8 3.8
40 16.3 £20.6 5.1 3.3 7.0+£9.8 2.2 1.4 16.1 £19.6 5.0 3.2
60 12.8 £ 18.2 2.3 1.9 4.1+6.1 0.7 0.6 14.4 £+ 20.7 2.6 2.2

LARi: lifetime attributable risk of cancer incidence, LARm: Lifetime attributable risk of cancer mortality, AP: abdomino-pelvic, CT-IVU: computed tomog-

raphy intravenous urography, Yrs: year.

spectively. Kidney stone examinations were also likely to induce
ovarian cancer in 3.8, 2.2 and 0.7 patients in a pool of 100,000
procedures at the ages of 20, 40 and 60 years, respectively. More
so, about 1 in 38,462 to 1 in 14,706 patients were also likely to
develop ovarian cancer due to CT-IVU examinations in Ghana.
Since the ovaries contain reproductive information, it is indica-
tive that hereditary effects were also possible in patients who
received high ovarian doses. Although all the upper LAR values
for the indications were within 1 in 10,000 to 1 in 1,000 of
the population and suggested a low radiation risk, there was a
need for further optimisation to reduce the dose levels and risks,
as noted by Varghese et al [19] and other international bodies
and studies [12,13,16,20]. This may include the optimization
of exposure factors/parameters and scan coverages, use of iter-
ative reconstruction and automatic exposure control systems,
effective use of the equipment and its accessories, and imple-
mentation of diagnostic references levels (DRLs), as suggested
in recent studies conducted in Ghana [20-22], among many
other measures in literature [3,6,11,16]. This is important be-
cause small individual risks applied to a large population could
lead to a public health issue some years in the future [16,20].

Conclusion

Although there are some considerable uncertainties about
cancer risk estimations, this study has attempted to provide rea-
sonable estimates of radiation-induced cancer risks associated

with CT dose levels utilized in Ghana based on the BEIR VII

model. Among the organs subjected to CT exposures during
abdominal pelvic examinations, radiation-induced colon can-
cer risks were observed to be the highest, and most likely among
39.4 -59.8 peopleout of 100,000 patients who underwent CT
becuase of abdominopelvic lesions. The estimated risk was even
higher in CT-IVU examinations, in a range of 53.3 - 66.4 pa-
tients in 100,000 procedures but was relatively less (16.8-26.3
patients) in kidney stone procedures. Accordingly, the risk of
radiation-induced colon mortality was more common in CT-
IVU in than abdominopelvic lesion and kidney stone proce-
dures. Although all the upper LAR values for all the indications
were within 1 in 10,000 to 1 in 1,000 of the population and
suggested a low radiation risk, there was a need for further op-
timisation to reduce the dose levels and risks for patients’ pro-
tection and safety. This is because small individual risks applied
to a large population could lead to a public health issue some
years in the future.
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