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Abstract

Objectives: The aim of this study was to estimate mean organ dose using the imPACT software, and to determine if
dose vary significantly for similar organ among the 7 Computed Tomography (CT) units and to compare and correlate
our findings with international studies with similar software.

Methods: Seven CT units denoted as A-G was randomly selected. An imPACT Patient Dosimetry Calculator Software
was used to determine organ dose to the head, chest, abdomen and pelvic region from 210 patients' CT parameters
retrieved from the CT monitor. Data analysis was done using SPSS 16.0 (SPSS Inc, Chicago, IL, USA).

Results: The mean dose to organs in the head (brain and eye lens) was 27.87+9.58 and 55.27+22.34mGy; chest (lungs,
breast, thyroid and heart) was 30.63+8.21, 26.41+6.76, 10.21+7.00 and 29.93+9.65mGy; Abdomen (stomach and
liver) was 34+12.8 and 33.05+9.93mGy and Pelvis (bladder and uterus) was 32.44+13.8 and 28.97+7.14mGy respec-
tively. Similar organ show statistically significant difference: for brain (p<0.001), eye lens (p=0.001), lungs (p<0.001),
breast (p<0.001), thyroid (p=0.008), heart (p<0.001), stomach (p<0.001), liver (p=0.001), bladder (p<0.001) and uterus
(p=0.002) among the 7 CT units. There was no correlation in organ dose for this study and those of Tanzania, Turkey,
Japan and Thailand.

Conclusion: Significant differences exist in similar organ doses among the 7 CT units in Lagos indicating that there
was lack of harmonization in CT protocols.
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he use of multi-slice Computed Tomography (CT) has in-

creased across South-West Nigeria due to high number
of privately owned CT centers. Also, it has become one of
the favorites of referring physicians due to its multiple X-ray
projection and its ability to see detail. It is acclaimed that
the South-West geo political zone have one of the highest
number of radiological manpower (radiologist and radiog-

raphers) in Nigeria due to the population size with Lagos
having over 10 million people. It is considered to have the
highest number of modern CT scanners." Current stand
in Nigeria to harmonize CT protocols and radiation dose in
other imaging modalities have not been established due
to poor regulatory policies and poor communication be-
tween regulators and facility owners.”
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Besides the natural background radiation, medical expo-
sure has become the largest source of ionizing radiation ex-
posure to the human population.”” Computed Tomogra-
phy (CT) is one of the most widely used diagnostic medical
imaging modalities in clinical use, and is increasingly used
because of the technological advancements and its sophis-
ticated work station.®'® According to National Council on
Radiation Protection and Measurements (NCRP) report No.
160, CT scans contributed half of the total patient medical
exposure.' Although, the benefits of computed tomogra-
phy (CT) in medicine are well known, increased concerns
about the radiation dose associated with CT have drawn
the attention of imaging experts and professional to dis-
cuss how patient dose can be reduced.'> '3 On the other
hand, there are latent dangers (stochastic effect) arising
from this radiation to have random effect that may not
appear immediately, but may appear in later years or even
generations to come." The need to put into consideration
organ tolerance in relation to dose optimization by review-
ing CT protocols have now become pertinent since organ
doses to patients undergoing CT examinations are gener-
ally much higher than those associated with conventional,
mammographic and fluoroscopic projections.!'>®

To overcome this problem, different software packages
for dose calculation in CT have been developed.'”?2 They
include the following: imPACT CT dosimetry calculator (St
George's Healthcare, London, UK)?, CT Dose®, CT Expo®*!
and WinDose!" with the purpose to determine Comput-
ed Tomography Dose Index (CTDI), Dose Length Product
(DLP) and Effective Doses using computational method
and Monte Carlo simulation. Several methods of estimat-
ing organ dose have been proposed, one of such method
is the use of a physical anthropomorphic phantom repre-
senting adult male and female or pediatric patients using
Thermoluminescent Dosimeters (TLDs) as detectors . These
phantoms are usually cut into sections, which contain holes
for the position of dosimeters.’?s? More so, recent studies
have estimated organ dose through the use of cadavers
(postmortem studies).% 3"

The aim of this study was to first estimate each organ mean
dose in: head (brain and eye lens), chest (lungs, breast, thy-
roid and heart), abdomen (stomach and liver) and pelvis
(bladder and uterus), using the imPACT dose simulation
software, to compare similar organ dose among the 7 CT
units if they vary significantly, to determine range of per-
centage mean dose difference for this study and related
study and to generally compare mean organ doses with
international studies who used similar software and other
methods (TLD and postmortem studies).
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Methods

A total of seven CT unit within Lagos metropolis (covering
Lagos Island and Mainland) was used for this study, out of
which three were government owned and four were pri-
vately owned hospitals. A total of 210 patients’ data were
retrieved (77 male and 133 female) from the CT monitor.
Particularly, convenience simple random sampling tech-
nique was used to carefully select adult male and female
who have had CT of the head, chest, abdomen and pelvis.
The organs investigated in the head were the brain and
eye lens, in the chest were the lungs, breast, thyroid and
heart, in the abdomen were the stomach and liver and in
the pelvis were the bladder and uterus. This retrospective
study lasted for 10 months. The seven CT facilities used
were three General Electric, three Toshiba and one Phillips
CT machine and were denoted as A-G (Table 1).

The imPACT CT Dosimetry spreadsheet used in this study
was donated through the intervention of the International
Atomic Energy Agency (IAEA). The focus was to estimate CT
organ dose using an adult, hermaphrodite, mathematical
phantom (Fig. 1). The imPACT CT Dosimetry spreadsheet is
based on Monte Carlo Data Set with pre-calculated Com-
puted Tomography Dose Index measurements in free air
(CTDIL_ ), center (CTDI._ ) and peripheries (CTDI._ ) that
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Figure 1. Mathematical phantom used with imPACT software to com-
pute patient doses covering the head, chest and abdonino-pelvic region.



had been measured in a standard Perspex head and body
dosimetry phantom, using the same ionization chamber,
and a consistent technique that have proven to be good
for most of the CT scanners used. These measurements in
turn are useful for calculation of CTDI weighted (CTDI ),
CTDI volume (CTDI ), DLP and other dose parameters. One
other factor that was considered were scanners that are not
included in the data set; to address this, scanner match-
ing data that enables newer scanners to be used with the
NRPB-SR250 dose distribution data obtained from Monte
Carlo calculations for older scanner models was added to
the spreadsheet, creating flexibility to calculate organ dose
with more recent scanners. It was based on this established
fact that the spreadsheet was used for this study (Fig. 2).

Based on scan region (that is for organs in the head, chest
abdomen and pelvis) the following was determined from

| ImPACT CT Patient Dosimetry Calculator |
Version 1.0.4 27/05/2011
[Ecqusiion Paramelers.
[Tube current 350 mi
Rotation time 1 s
|Spiral pitch 1.35
JON: Body ImAs [ Rotation 350 mAs
MCSET12 Effective mAs 250259 |més
MCSI:_F12| [Colimation -'mm |
Rel. CTDI 1100 at selected collimation
24 cm [CTDI (air)  28.981 29.0 MGy 100mAs
445 |m1 CTDI (soft tissue)  |31.0 mGyM00mAs
[CTOL — 11.5128[115 Gyl 100mAs
[Croanweighting scheme ————— «cae 10 v |
[CTDL, 403 |mGy
CTDL,, 298 |mGy
DLFP 612  |mGy.cm
|Organ W, [Hi(mGy)| wiH: [Femainder Grgans | Hr (MGy)
Gonads 0.08 14 0.1 Adrenals 5
Bone Mamow 012 7 0.84 [Small Intestine 13
Colon 012 13 15 Kidney 41
Lung 012 6.9 0.83 [Pancreas 3
Stomach 012 33 46 Spieen 36
Bladder 004 0.71 0.028 [Thymus 13
Braast 0.12 16 0.1g Uterus / Prostate (Stadder) 16
Liver 0.04 38 14 [Muscle i |
Oesophagus (Thymus) 004 13 0.051 Call Bladder 38
[ Thyroid 0.04 D.12 0.0047 [Heart B7
Skin o001 57 0.057 ET region (Thyroid) 012
Bone Surface 0.01 1 0.1 JLymph nodes (Muscie) 71
Brain oo 0.0071 | 7.1E05 |Oral mucosa (Brain) 0.0071
Salivary Glands (Brain) 0.01 00071 | 7.1E-05 Other organs of interest | Hr (mGy))
Remainder 0.12 7 21 Eye lenses 0.00052
Mot Appiicable 0 0 0 Testes 0.052
Total Effective Dose (mav)| 12 Ovaries 28
[Uterus 24
Prostate 071

Figure 2. An overview of the imPACT CT dosimetry spreadsheet.

Table 1. Brief description of the CT machines used
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each CT used: manufacturer or brand name, scanner mod-
el, tube voltage, tube current, scan range, rotation time,
spiral pitch and collimation. Parameters that were inputted
manually into the CT Dosimetry spreadsheet was the tube
current, rotation time and spiral pitch which vary in proto-
col and from vendor to vendor. GE Bright Speed Edge and
GE Bright Speed Elite were matched with GE Light Speed
Ultra scanner from the spreadsheet since they have similar
configuration and dose distribution. Similarly, GE Optima™
660 was matched with GE Light Speed VCT; Toshiba Aqui-
lion 16, 64 and 128 was matched with Toshiba Aquilion 16
and Philips Brilliance 16 was found on the data set (Table 1).
Scanner-matching data used for this study had an uncer-
tainty of not more than 15% of organ dose measurement
since original scanner model where not available in the
data set. 534

Mathematical expression guiding the formula for CTDI
weighted (CTDI ) in relation to CTDI at the center and CTDI
and at the peripheries was:

CTDI, = § CTDIwO,C% CIDTanin
Where c=center and p=periphery

The imPACT version used was 1.0.4x (27/05/2011), which
was able to model various conditions of exposure for the
range of common makes of CT scanner as discussed in
NRPB-R250. Parameters of the spreadsheet were also used
to determine relative CTDI (Rel. CTDI), normalized CTDI
and normalized weighted CTDI ( CTDI ).Normalized mea-
surement in free air (CTDI_ ) was converted to tissue (CTDI
soft tissue) automatically when CTDI_, value was inputted
into the imPACT spreadsheet. This was done by using the
International Commission on Radiation Units and Measure-
ment (ICRU) factor for muscle which is given by:

CTDljseue = CTDI,;x1.07

The relative CTDI (Rel.CTDI) was calculated using each cen-
tre collimation, relative to the CTDI at T0mm collimation.
Normalized weighted CTDI ( CTDI ) was obtained by divid-

Scanner model Manufacturer Scanner Max. power Max. voltage Max. current  MaxFOV
(Brand name) slice (KVA) (KV) (mAs) (cm)
GE Bright speed edge General electric 8 53.2 140 440 50
GE Optima™ 660 General electric 64 720 140 560 50
Toshiba aquilion Toshiba 128 100 135 600 50
Philips brilliance CT 16 Philips 16 60 140 500 50
GE Bright speed elite General electric 16 53.2 140 440 50
Toshiba aquilion Toshiba 16 60 135 500 50
Toshiba aquilion Toshiba 64 100 135 600 50

Max: Maximum; FOV: Field of View.
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ing the weighted CTDI (CTDI ) value by the mAs (miliam-
pere seconds), which can be written mathematically as:

CTDIy,
n CTDI w= —

It was necessary to note that the CTDI is characteris-
tic quantity for scanner (dose rate coefficient), it repre-
sent the capacity of a scanner in terms of output. It is
independent of the patient dose. Also, % mean dose dif-
ferences were determined and their ranged were com-
pared using the relation:

2|Ad|

Where |Ad| = difference in dose, ¥d = summation of dose.

Statistical Tool Used

Data analysis was done using Microsoft Excel and SPSS
Version 16.0. Descriptive statistics was used to deter-
mine mean organ dose and % difference, Independent
Sample t test and Pearson correlation was used to ana-
lyze our data. For p<0.05 was termed to be statistically
significantly.

a 100+ B Brain
K] 90 Eye lens
(]
n 80
T 701
© -
g 5 60
% 2 507
o T 40
% 30
o° 20
c
3 10
= 0-
UnitA UnitB UnitC UnitD UnitE UnitF UnitG

Figure 3. Mean dose to the brain and eye lens in CT unit A-G in the
head region.

Table 2. Mean organ dose for Head region in 7 CT facility using the
ImPACT Software calculator

CT Facility Selected organ  Mean dose
Head region (mGy)
CT UnitA Brain 15.0+1.5
Eye lens 27.6+2.0
CT UnitB Brain 31.8£10.9
Eye lens 39.5+12.8
CT Unit C Brain 44.7+9.3
Eye lens 33.4+133
CT UnitD Brain 22.6+7.4
Eye lens 57.3+£10.3
CT UnitE Brain 27.4+13.6
Eye lens 86.2+11.1
CT UnitF Brain 21.5£5.6
Eye lens 68.4+17.1
CT UnitG Brain 32.1£13.6
Eye lens 74.5£12.8

Akpochafor et al., Organ Dose Determination / doi: 10.14744/ejmo.2017.75047

Results

Doses to organs in the head region were as follows: CT Unit
A-G, which comprise of the brain and eye lens was 15.0 and
27.6 m@Gy, 31.8 and 39.5 mGy, 44.7 and 33.4 Gy, 22.6 and 57.3
mGy, 27.4 and 86.2 mGy, 21.5 and 68.4 mGy and 32.1 and
74.5mGy respectively (Table 2).
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Figure 4. Mean dose to the lungs, breast, thyroid and heartin CT unit
A-G for chest region.

Table 3. Mean organ dose for Chest region in 7 CT facility using
the imPACT Software calculator

CT Facility Selected Organ  Mean dose
Chest region (mGy)
CT Unit A Lung 30.1+£10.1
Breast 25.3+8.3
Thyroid 17.8£14.6
Heart 29.3£10.1
CT UnitB Lung 36.4£10.2
Breast 31.3+£8.7
Thyroid 20.4+10.8
Heart 39.9+9.7
CT UnitC Lung 314433
Breast 25.6£3.9
Thyroid 12.74+4.1
Heart 27.6+4.3
CT UnitD Lung 15.3+£9.6
Breast 17.3+£10.9
Thyroid 3.449.8
Heart 18.9+11.2
CT UnitE Lung 27.4+3.2
Breast 22.2+4.5
Thyroid 9.3£5.2
Heart 21.4+6.3
CT UnitF Lung 41.7+7.6
Breast 38.447.1
Thyroid 33483
Heart 45.7+9.7
CT Unit G Lung 32.1+11.7
Breast 24.8+12.5
Thyroid 4.6+10.4
Heart 26.7+9.4



Table 4. Mean organ dose for Abdomen & Pelvic region in 7 CT

facility using the imPACT Software calculator

CT Facility Selected Organ Mean dose
Abdomen & Pelvic region (mGy)
CT UnitA Stomach 27.8+6.6
Liver 26.1+6.2
Bladder 29.8+7.1
Uterus 24.6+6.1
CT UnitB Stomach 18.54£8.2
Liver 17.3+7.3
Bladder 19.618.2
Rectum 21.7+6.7
CT UnitC Stomach 413455
Liver 45.1+8.1
Bladder 38.8+7.3
Uterus 30.3+4.7
CT UnitD Stomach 33.7+7.6
Liver 37.0£7.2
Bladder 31.2+7.9
Uterus 32.6+6.9
CT UnitE Stomach 56.2+6.4
Liver 43.3+7.2
Bladder 60.2+5.7
Uterus 31.3+6.6
CT UnitF Stomach 38.3+4.6
Liver 34.7+3.3
Bladder 21.8+4.1
Uterus 41.14£3.0
CT Unit G Stomach 22.24+3.7
Liver 27.9+£3.5
Bladder 25.7+4.3
Uterus 20.9+3.6
Table 5. Overall average dose of each organ
Regions Organ Mean dose (mGy)
Head Brain 27.87+9.58
Eye lens 55.27+22.34
Chest Lung 30.63+8.21
Breast 26.41+6.74
Thyroid 10.21£7.00
Heart 29.93+9.65
Abdomen & Pelvic region Stomach 34.00+12.80
Liver 33.06+9.93
Bladder 32.44+13.80
Uterus 34.68+17.74
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Figure 5. Mean dose to the stomach, liver, bladder and uterus in CT
unit A-G in the Abdomino-pelvic region.

Doses to organs in the chest region were as follows: CT Unit
A-G, which comprise of the lung, breast, thyroid and heart were
30.1, 25.3, 17.8 and 29.3 mGy, 364, 31.3, 20.4 and 39.9 mGy,
31.4,25.6,12.7 and 27.6 mGy, 15.3,17.3,3.4and 18.9 mGy, 274,
22.2,9.3 and 214 mGy, 41.7, 384, 3.3 and 45.7 mGy and 32.1,
24.8,4.6 and 26.7 mGy respectively (Table 3).

Doses to organs in the abdomen and pelvic region were as fol-
lows: CT Unit A-G, which comprise of the stomach, liver, bladder
and uterus were 27.8, 26.1, 29.8 and 24.6 mGy, 185, 17.3, 19.6
and 21.7 mGy, 41.3,45.1,38.8 and 30.3 mGy, 33.7,37.0,31.2and
32.6 mGy, 56.2,43.3,60.2 and 31.3 mGy, 38.3,34.7,21.8and 41.1
mGy and 22.2, 27.9, 25.7 and 20.9 mGy respectively (Table 4).

Furthermore, the mean overall dose to eye lens, brain, lung,
breast, thyroid, heart, stomach, liver, bladder and uterus was
55.27, 27.87, 30.63, 26.41, 10.21, 29.93, 34, 33.05, 32.44 and
28.97mGy respectively (Table 5).

Our findings show that there were significant differences for
similar organ among the 7 CT units: for brain (p<0.001), eye lens
(p=0.001), lungs (p<0.001), breast (p<0.001), thyroid (p=0.008),
heart (p<0.001), stomach (p<0.001), liver (p=0.001), bladder
(p<0.001) and uterus (p=0.002) among the 7 CT units (Fig.
3-5). There were no significant differences when comparing
mean dose for similar organs in this study and related studies
except for the brain and thyroid whose difference were signif-
icant. There were no correlation between this study and those
of Tanzania (p=0.642), Turkey (p=0.826), Japan (p=0.406) and
Thailand (p=0.592). Percentage (%) mean differences in organ
dose between our study and related studies for different organs

were between the ranges of 1-133 (Table 6).

Table 6. Comparison of organ dose and % mean differences (mGy) for this study with other international studies

Organ This study Cakmak etal. % mean Ngaileetal. % mean Kawaguchietal. % mean Puekpuang etal. % mean
(Nigeria)*  (Turkey)? Diff. (Tanzania)® Diff. (Japan)? Diff. (Thailand)? Diff.
Brain 27.87 37.00 28 = = = = = =
Eye lens 55.00 45.00 20 63.9 15 - - - -
Lung 30.63 33.00 7 31.5 3 34.00 10 19.5 44
Breast 26.41 = = 26.1 1 29.00 9 14.9 56
Thyroid 10.21 51.00 133 12.3 19 50.00 132 = =
Heart 29.93 33.00 10 = = = = 19.2 44
Stomach 34.00 = = 35.6 5 38.00 11 8.5 120
Liver 33.06 13.00 87 34.1 3 36.00 9 104 104
Bladder 32.44 32.00 1 28.8 12 38.00 16 = =
Uterus 34.68 25.00 32 26.5 27 = = = =

2 comparison was done with imPACT Software only. % mean diff: Percentage mean difference.
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Discussion

Organ doses to the brain and eye lens in this study among
the 7 CT units showed high differences with p<0.001 and
p=0.001 respectively, indicating that the technical param-
eters used in each CT unit among the hospitals were differ-
ent.The highest dose to the brain and eye lens was noticed
in CT unit C and E (44.7mGy and 86.2mGy) respectively
and the lowest dose was noticed in CT unit A (15.0mGy
and 27.6mGy) respectively, with an overall mean dose of
27.87mGy and 55.27mGy respectively. The results were
slightly comparable to a study carried out in Turkey by Cak-
mak et al. whose estimated dose to the brain and eye lens
using imPACT Software was 37mGy and 45mGy. The mod-
ulus % difference between our study and Cakmak dose to
the brain and eye lens using the imPACT Software was 28
and 20 respectively.B> In the same vein, our result was con-
sistent with a study conducted in Tanzania by Ngaile et al.
who also used the imPACT Software to determine organ
doses. Ngaile’s dose range to the brain was 32.5-84.4mGy
which was higher than those obtained in our study which
was 15-44.7mGy.B®

Also, Organ dose to the lungs, breast, thyroid and heart in
this study among the 7 CT units also showed similar differ-
ences in dose value with lungs (p<0.001), breast (p<0.001),
thyroid (p=0.008), heart (p<0.001), further proving sta-
tistically significant differences in protocol used by each
CT unit among the hospitals. The dose range to the lung
in this study was 15.3-41.7mGy, with an average dose of
30.63mGy. This was comparable to a study conducted in
Tanzania by Ngaile et al. whose range for the lungs was
20.1-44.0mGy, with an average dose of 32mGy. Further
insight show that there was no significant difference be-
tween this study mean dose and a study carried out in Tur-
key by Cakmak et al., whose mean dose using the imPACT
Software was 33mGy. In another related study conducted
in Thailand by Puekpuang et al.*” using imPACT Software,
the dose range was 15-20mGy, with an average dose of
19.5m@Gy. Our (15-41.7mGy) minimum dose was consistent
but was quite higher at maximum dose when compared to
Puekpuang et al.?”! A comparison of this study dose range
(15-41.7mGy) with a postmortem study conducted in USA
by Sinclair et al. with dose range (14-21.9mGy) was consis-
tent at the minimum dose point but showed disparity at
the maximum dose point.%

Furthermore, the dose range and mean dose to the breast
for this study was 17-31.3mGy and 26.41mGy, these values
were in line with Ngaile et al. whose dose range and mean
dose was 14.8-36mGy and 26.1mGy respectively. Similarly,
Sinclair et al. who used postmortem subject had a dose
range of 10.3-25.2mGy, which was quite lower than this
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study. Also in another study in Japan carried out by Kawa-
guchi et al.,*® mean dose for Aquilion 64 was 29mGy which
was comparable with this study but there was slight differ-
ence with Aquilion RXL whose mean dose value was lower
than this study. Dose range to the breast from Puekpuang
et al. study was 14-15mGy and its mean dose was 14.9mGy.
These values were lower than this study in terms of the
range and mean dose.

In addition, this study range and mean dose to the thyroid
was 3.3-17.8mGy and 10.21mGy respectively. This was in
line with Ngaile et al. whose dose range and mean dose
was 4.6-21.5mGy and 12.3mGy respectively. Large differ-
ence was seen in mean dose between this study and Cak-
mak et al. whose dose with imPACT Software was 51mGy.
Similarly this difference in dose was seen in Kawaguchi et
al. whose mean dose using Aquilion 64 and RXL was 50 and
21mGy respectively.

The range and mean dose to the heart for this study was
21.4-45.7mGy and 29.93mGy respectively. This was higher
than Puekpuang et al. study whose range and mean dose
was 12-20.2mGy and 19.2mGy respectively. In the same
vein, Cakmak et al. mean dose using the imPACT Software
was 33mQGy; it was quite higher than this study’s mean dose
to the heart.

Further evaluation of results show that this study’s
range/mean dose to the stomach and liver was
18.5-56.2mGy/34mGy and 17.3-45.1/33.06mGy respec-
tively. These dose values were higher than Sinclair et al.
whose dose range was 11-28.4 and 12.2-28.7mGy re-
spectively and this study dose values were higher than
Puekpuang et al whose dose range was 0.5-19 and 1.2-
18m@Gy respectively. Close similarity of this study’s stomach
and liver dose was noticed to be in line with Ngaile et al.
whose range/mean dose was 22.5-46.4mGy/35.6mGy and
21-42.8mGy/34.1mGy respectively. Cakmak et al. dose to
the liver (13mGy) using the imPACT Software was quite
lower compared to this study mean dose. Kawaguchi et al.
mean dose to the stomach and liver from Aquilion 64 and
RXL was 38/36mGy and 17/15mGy. Aquilion 64 was more
consistent with this study. Aquilion RXL was lower in dose
than that of this study.

The range and mean dose to the bladder was 19.6-60.2mGy
and 32.44mGy and to the uterus was 20.9-71.6mGy and
34.68mGy for our study. A study of organ dose to the blad-
der by Cakmak et al. using imPACT Software was 32mGy
and to the uterus was 25mGy. Our study was in line with
Cakmak et al. for the bladder using imPACT Software. Or-
gan dose to the uterus for this study was generally higher
than Cakmak et al. study using the same imPACT Software.
Also, this study dose range (at minimum) was consistent
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with Ngaile et al. whose dose range was 19.5-38.6mGy for
bladder and 17.5-42.7mGy for uterus, difference was seen
in the dose range at maximum. Generally for both organs
(bladder and uterus), this study's mean dose was in line
with Ngaile et al. whose mean dose were 28.8 and 26.5mGy
respectively.

Comparison between this study mean organ dose (for
all organ) and Cakmak et al. was p=0.684, for Ngaile et al.
was p=0.879, for Kawaguchi et al. was p=0.244 and for
Puekpuang et al. was p=0.006 respectively. Difference in
mean dose between this study and Puekpuang et al. could
largely depend on choice of protocol used which could be
influenced by body makeup and type of scanner used.

The % mean difference in organ dose between this study
and Cakmak et al. was between factors of 1-133 with the
highest noticed for thyroid and the least for bladder. The
% mean dose difference for this study when compared
to Ngaile et al. was closer with range of 1-27 with highest
dose noticed in the uterus and the least to the breast. Com-
parison of % difference with Kawaguchi et al was between
ranges of 9-132, similar to Cakmak et al. for maximum val-
ue. While that of Puekpuang et al. was between ranges of
44-120.

Conclusion

Organ dose among seven CT unit in Lagos State, South-
West Nigeria have been determined using the imPACT
Software Calculator. Significant difference was seen in CT
protocol among the 7 unit which influenced organs dos-
es. To a great extent, there was no difference in organ dose
between this study and related studies. Nevertheless there
exist no correlations in organ dose between our study and
other international studies. Some of the differences in dose
value might be attributed to data match of newer scanners
with the spreadsheet and manually inputting data into
the spreadsheet against the spreadsheet data. Fashion-
ing out modalities to harmonize CT protocol has become
necessary in this region. More awareness and training on
radiation safety to patients with the use of CT should be
encouraged.

Acknowledgement

The author wishes to acknowledge the support of the International
Atomic Energy Agency (IAEA), CT facilities in Lagos and the Abdul
Salam International Centre for Theoretical Physics (ICTP).

Disclosures

Ethics Committee Approval: The study was approved by the
Local Ethics Committee.

Peer-review: Externally peer-reviewed.
Conflict of Interest: None declared.

Authorship contributions: Concept—M.0.A., A.D.O., M.Y.H.; Design
- M.OA, AD.O.,, M.YH., M.A.A,; Supervision - M.O.A,, AD.O.,, M.YH.;
Materials - M.O.A., A.D.O., M.Y.H. J.C.E,; Data collection &/or process-
ing-J.C.E,S.O.A, M.EE., AE.O, T.A.O,; Analysis and/or interpretation
-M.OA, AD.O, JCE, SO.A, MAAA, TA.O, AE.O, Literature search
-S.0A, MAAA, MEE, TAO., AE.O, Writing - M.O.A,, AD.O, J.CE,
M.YH., S.O.A, M.A.A,; Critical review - M.O.A,, A.D.O., M.A.A.

References

1. Eze CU, Abonyi LC, Njoku J, Irurhe NK, Olowu O. Assessment of
radiation protection practices among radiographers in Lagos,
Nigeria. Niger Med J 2013;54:386-91. [CrossRef]

2. Salami BM, Falebita DE, Fatoba JO, Ajala MO. Integrated Geo-
physical and Geotechnical Investigation of a Bridge Site - A
Case Study of a Swamp/Creek Environment in South East La-
gos, Nigeria. Ife Journal of Science 2012;14:75-82.

3. Adejoh T, Nzotta CC. Head computed tomography: Dose
output and relationship with anthropotechnical parameters.
West Afr J Radiol 2016;23:113-7. [CrossRef]

4. Akpochafor MO, Omojola AD, Soyebi KO, Adeneye SO, Aweda
MA, Ajayi HB. Assessment of peak kilovoltage accuracy in ten
selected X-ray centers in Lagos metropolis, South-Western Ni-
geria: A quality control test to determine energy output accu-
racy of an X-ray generator. J Health Res Rev 2016;3:60-5.

5. United Nations Scientific Committee on the Effects of Atom-
ic Radiation. UNSCEAR 2000 Report to the General Assembly,
with scientific annexes. Volume I: sources. Available at: http://
www.unscear.org/docs/publications/2000/UNSCEAR_2000_
Report_Vol.l.pdf, Accessed Apr 17,2018.

6. Raman SP, Johnson PT, Deshmukh S, Mahesh M, Grant KL,
Fishman EK. CT dose reduction applications: available tools
on the latest generation of CT scanners. J Am Coll Radiol
2013;10:37-41. [CrossRef]

7. National Council on Radiation Protection and Measurement.
lonizing Radiation Exposure of the Population of the United
States: NCRP REPORT No. 160. Bethesda, MD: NCRP Publica-
tion; 2009.

8. International Commission on Radiological Protection Manag-
ing Patient Dose in Computed Tomography. ICRP Publication
87. Ann ICRP 2000;30:1-86.

9. Valentin J; International Commission on Radiation Protection.
Managing patient dose in multi-detector computed tomogra-
phy(MDCT). ICRP Publication 102. Ann ICRP 2007;37:1-79.

10. Dauer LT, Hricak H. Addressing the challenge of managing ra-
diation use in medicalimaging: paradigm shifts and strategic
priorities. Oncology (Williston Park) 2014;28:243-4, 246.

11. Liang Q. Patient-specific CT dose determination from CT im-
mages using Monte Carlo simulations [dissertation]. USA: Uni-
versity of Wisconsin, Madison; 2013. p. 163.

12. Brink JA, Amis ES Jr. Image Wisely: a campaign to increase
awareness about adult radiation protection. Radiology


https://doi.org/10.4103/0300-1652.126290
https://doi.org/10.4103/1115-3474.179256
https://doi.org/10.4103/2394-2010.184231
https://doi.org/10.1016/j.jacr.2012.06.025

172

Akpochafor et al., Organ Dose Determination / doi: 10.14744/ejmo.2017.75047

2010;257:601-2. [CrossRef]

13. Sun Z, Ng KH. Multislice CT angiography in cardiac imaging.
Part lll: radiation risk and dose reduction. Singapore Med J
2010;51:374-80.

14. Kharita MH, Wali KH. Patient management practice in Com-
puted Tomography with special emphasis to Pediatric Pa-
tients. Department of Protection and Safety, Atomic Energy
Commission, Syria. DPSAEC Report 906. Damascus: Syria;
2010.

15. Huda W. Medical radiation dosimetry. In: Frush DP, Huda W,
editors. RSNA Categorical Course indiagnostic radiology
physics: from invisible to visible—the science and practice of
x-ray imaging and radiation dose optimization. Chicago, IL:
Radiological Society of North America; 2006. p. 29-39.

16. Mettler FA Jr, Huda W, Yoshizumi TT, Mahesh M. Effective dos-
es in radiology and diagnostic nuclear medicine: a catalog.
Radiology 2008;248:254-63. [CrossRef]

17. LeHeron, JC. CTDOSE -a computer program to enable the cal-
culation of organ doses and dose indices for CT examinations,
Christchurch, New Zealand: Ministry of Health, National Radi-
ation Laboratory, 1993.

18. Imaging Performance Assessment of. CT-Scanners Group. Im-
PACT CT. Patient Dosimetry Calculator v. 0.99 j. London: Im-
PACT. Available at: http://www. impactscan.org, Accessed Apr
17,2018.

19. Kalender WA, Schmidt B, Zankl M, Schmidt M. A PC program
for estimating organ dose and effective dose values in com-
puted tomography. Eur Radiol 1999;9:555-62. [CrossRef]

20. National Institute of Radiation Hygiene (NIRH). CT dose calcu-
lation software “CT-Dose”. NIRH Publication; 1999.

21.Tack D. Comments on Kalender et al.: a PC program for esti-
mating organ dose and effective dose values in computed
tomography. Eur Radiol.2001;11:2641-2. [CrossRef]

22. Stamm G, Nagel HD. CT-expo-a novel program for dose evalu-
ation in CT. Rofo 2002;174:1570-6. [CrossRef]

23. Impactscan.org. ImPACT CT dosimetry tool. Available at:
http://www.impactscan.org/, Accessed from April 2003 to
February 2009.

24.Baadegaard N, Jensen L. A CT dose calculation software “CT-
dose”. Denmark: National Board of Health, Aarhus University
Hospital; 1999.

25. Brix G, Lechel U, Veit R, Truckenbrodt R, Stamm G, Coppenrath
EM, et al. Assessment of a theoretical formalism for dose esti-
mation in CT: an anthropomorphic phantom study. Eur Radiol
2004;14:1275-84. [CrossRef]

26. Deak PD, Smal Y, Kalender WA. Multisection CT protocols: sex-
and age-specific conversion factors used to determine effec-
tive dose from dose-length product. Radiology 2010;257:158-

27.

28.

29.

30.

31.

32

33.

34,

35.

36.

37.

38.

66. [CrossRef]

Damilakis J, Perisinakis K, Tzedakis A, Papadakis AE, Karanta-
nas A. 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
2010;257:483-9. [CrossRef]

Tzedakis A, Damilakis J, Perisinakis K, Stratakis J, Gourtsoyian-
nis N. The effect of z overscanning on patient effective dose
from multidetector helical computed tomography examina-
tions. Med Phys 2005;32:1621-9. [CrossRef]

Mazonakis M, Tzedakis A, Damilakis J, Gourtsoyiannis N. Thy-
roid dose from common head and neck CT examinations in
children: is there an excess risk for thyroid cancer induction?
Eur Radiol 2007;17:1352-7. [CrossRef]

Sinclair L, Griglock TM, Mench A, Lamoureux R, Cormack B,
Bidari S, et al. Determining Organ Doses from CT with Direct
Measurements in Postmortem Subjects: Part 2-Correlations
with Patient-specific Parameters. Radiology 2015;277:471-6.
Zhang D, Padole A, Li X, Singh S, Khawaja RD, Lira D, et al. In
vitro dose measurements in a human cadaver with abdomen/
pelvis CT scans. Med Phys 2014;41:091911. [CrossRef]

Jones DG, Shrimpton PC. Survey of CT practice in the UK: Part
3.Normalized organ doses calculated using Monte Carlo tech-
niques. Chilton, NRPB-R250. London: HMSO; 1991.

Shrimpton PC, Jones DG, Hillier MC, Wall BF, Le Heron JC,
Faulkner K. Survey of CT practice in the UK: Part 2: Dosimetric
Aspects, National Radiological. Protection Board, Chilton,N-
RPB-R249. London: HMSO; 1991.

Jones DG and Shrimpton PC. Survey of CT practice in the UK:
Part 3. Normalised organ doses calculated using Monte Carlo
techniques. Chilton, NRPB-R250. London: HMSO; 1991.
Cakmak, E.D., Tuncel, N. and Sindir, B. Assessment of Organ
Dose by Direct and Indirect Measurements for a Wide Bore
X-Ray Computed Tomography Unit That Used in Radiothera-
py. Int J Med Phys Clin Eng Radiat Oncol 2015;4:132-42.
Ngaile JE, Msaki PK. Estimation of patient organ doses from
CT examinations in Tanzania. J Appl Clin Med Phys 2006;7:80-
94. [CrossRef]

Puekpuang R, Suriyapee S, Sanghangthum T, Oonsiri S, In-
sang. P. Organ andeffective doses from a multidetector com-
puted to- mography in chest examination. J Med Phys Biop
2015; 2:27-29.

Kawaguchi A, Matsunaga Y, Matsubara K, Suzuki S. A more
accurate method to estimate patient dose during body CT
examinations with tube current modulation. European Soci-
ety of Rediology. ECR 2014. Available at: file:///C:/Users/hp/
Downloads/ECR2014_C-0738.pdf, Accessed Apr 17,2018.


https://doi.org/10.1148/radiol.10101335
https://doi.org/10.1148/radiol.2481071451
https://doi.org/10.1007/s003300050709
https://doi.org/10.1007/s003300101071
https://doi.org/10.1055/s-2002-35937
https://doi.org/10.1007/s00330-004-2267-7
https://doi.org/10.1148/radiol.10100047
https://doi.org/10.1148/radiol.10092397
https://doi.org/10.1118/1.1924309
https://doi.org/10.1007/s00330-006-0417-9
https://doi.org/10.1148/radiol.2015140971
https://doi.org/10.1118/1.4893499
https://doi.org/10.4236/ijmpcero.2015.42017
https://doi.org/10.1120/jacmp.v7i3.2200



