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Impacts of various factors on effective dose of patients undergoing abdomen computed
tomograpy scan

ZHU Xue-jun, HUO Wan-li, LIANG Bao-hui, CHEN Zhi, XU Xie
School of Nuclear Science and Technology, University of Science and Technology of China, Hefei 230027, China

Abstract: Objective To simulate and analyze the changes of the effective dose for patients of different body sizes during the
abdomen computed tomography (CT) scan by using VirtualDose CT software. Methods VirtualDose CT was a CT dose
calculation software based on Monte Carlo method and three-dimensional computational phantom for specially calculating
the organ dose and effective dose of patients' major organs during the CT scan. The adult male and female patients of
normal weight, overweight, obese I, obese 1l and morbidly obese were scanned by GE LightSpeed 16 CT, and their effective
doses under different scan conditions, including different pitches, beam collimation widths and tube voltages, were
calculated by VirtualDose CT. Results The effective dose of patient was inversely proportional to pitch and proportional to
tube voltage. And the effective dose decreased with the increase of beam collimation width. The effective doses of pitch 0.6
were 2.3 times of those of pitch 1.6; the effective doses of 140 kVp were 6.1 times of those of 80 kVp; the effective doses of
5 mm beam collimation were 2 times of those of 20 mm beam collimation; based on the same scan condition, obese patients
received less effective doses than patients of smaller body sizes. Conclusion The effective doses vary considerably when
the same CT scanning project is applied for patients of different body sizes. Clinical image worker need to reasonably
optimize CT scanning project for the patient's specific conditions, which aims to obtain satisfactory CT images and reduce
patient's effective doses to the greatest extent.
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Information from PACS/DICOM VirtualDose

JRCAE N R AR FIE SR AR I, o AR N
Fo B4 s o IR B AR I T T o 4 S
SN HAE CT KA vh 22 B (157 2 A CT S8
WRTAE A I AR 12 W B A4t Je 6 1 CT S AR 1 [ B
B 7 B AR ST R B B 1K, BP CT e i e Ak
BRTF N 244 CT H AR S i £ a5 Bt b B AIE
FE T A B30, % AL PR AE CT e v i 3z 21 i
R THE G ARG H 25 B2, AR AS A o o AR
FE CT At v BT 32 21 119 77 B2 58 B CT A A ARk 1Y
R, A< SCffi I VirtualDose #-RF 58 2 AN Rl Hi 5
BB E ELSE R R IR A IE LT AS [ 147
BUAE B TE CT H 4 i R vl s iy A2 A
1 MR 57R*®
1.1 VirtualDoseCT

VirtualDose CT J&— & T Web 115 CT 14
A A B R A AR CT R A K
PR IR B T 5 R T R = R R T
NARAERY, P Al A 4 JE 2 1 CT A A 248 . CT HILAL
A E AT B E 132 BRI i, VirtualDose %X
# J72  FH] Microsoft SQL Sever 2008 #E47# #t , k{2
R 1K) 4 i A 80,100,120, 140 kVp, DA% 3k
FARFRIRNIE ok U8 2 , B0 B B AR Fh CTAHLELL)
JAH I S SR B R T (kR T RN R
[ DL RO ) R B I R R A SR
O IR RE RS A PR = N 53 T (5 PR bk
BT R R AT S AE AN R CT 4 L, AEAS
) ) CT AL A i Z B &0 T, al F ] ICRP 60
103 izt 4 SR PR F i R A G . Virtu-
alDose CT YR 44 I P FH St an &l 1R

Patlent phamtoms: Scan Protocol: CT Manufacturer:
| Obese_Level-1i_Male "| --select a protocol-- ¥ --Select CT Brand— ¥
Bowtlie filters: Beam Collimation{mm): KVp:
.
o Bony Body Bowtle Filter—- v kvp- v
mAs: CTDI, (per 100mAS): Pitch:
100 1 1
Z-Over Scan Langth{mm):
% No'' Yes

Calculate Dose

Organ Weighting Scheme:
* ICRP103 ' ICRPGO

Create Report

&1 VirtualDose A AERA AT

Fig.1 User interface for VirtualDose
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Tab.1 Weight classification based on BMI (WHO 2011)

BMI (kg-m?) Weight classification
<185 Underweight
18.5-24.9 Normal weight
24.9-29.9 Overweight
29.9-34.9 Obese |
34.9-39.9 Obese Il
>39.9 Morbidly obese

WHO: World health organization; BMI: Body mass index
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Tab.2 Height, weight and BMI of male and female phantoms

Male (height 176 cm) Female (height 163 cm)
Phantom
Weight (kg) BMI (kg-m?) Weight (kg) BMI (kg-m?)

Normal weight 72.7 235 63.5 23.9
Overweight 85.7 271.7 75.3 28.3
Obese | 103.1 333 90.6 341
Obese II 117.0 37.8 102.4 38.5
Morbidly obese 139.4 45.0 123.3 46.4

2 7R BMIBIB G B M E= 4R EE

Fig.2 Three—dimensional diagrams of adult male phantom with different BMI
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Fig.3 Effects of pitch on patients’ effective doses
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Fig.4 Patients’ effective doses of different tube voltages

10
8 2!
=)
g €7
f .
o
S 2
2
o
§ o
. e Ae )2
N Y X Y.
™ .@@1\ se\,d* 2\\35 y
W e et et (O
@é\ o 0{5\6 )
we i ‘\,0‘(“

v &
\ﬁe’\g\ f"‘e«;\ D,nese Q‘De"’a

B5mm @E10mm E15mm ®820mm

5 TR EEREE T EENAYNE

Fig.5 Patients’ effective doses of different beam collimation widths
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