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Background: The present data show a global increase in the rate of cardiovascular disease. Cardiac CT angiography has developed as a fast
and non-invasive cardiac imaging modality following the introduction of multi-slice computed tomogaraphy.

Objectives: The aim of this study was to measure the radiation dose to the thyroid and pelvis regions in patients undergoing cardiac CT
angiography using the Care Dose 4D method of 64-slice scanner.

Patients and Methods: Eighty-one patients (41 males and 40 females) who were diagnosed with suspected coronary artery disease and
were referred to Golestan Hospital, Imaging Department were recruited. Inclusion criteria were based on the protocol of multi-slice CT
coronary angiography. The radiation dose to the thyroid and pelvis regions was measured using thermo luminescent dosimeters (TLDs).
Results: The mean radiation dose to the thyroid in male and female subjects was 0.32 mSv and 0.41 mSy, respectively (P = 0.032) (total
mean, 0.36 mSv). The mean radiation dose to the pelvis in male and female subjects was 81 uSv and 112 pSv, respectively (P = 0.026) (total
mean, 96.5 uSv),

Conclusions: The total mean radiation dose to the thyroid and gonads was 0.36 mSy, and 96.5 pSv, respectively for the subjects. These
values were high for one organ in a single study. Gender can affect the radiation dose to the thyroid and gonads. This can be attributed to
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the anatomical characteristic differences of the male and female subjects.

1. Background

Present data show a global increase in the rate of car-
diovascular disease. According to the World Health Or-
ganization (WHO), an estimated 17.3 million people died
from cardiovascular disease in 2008, representing 30% of
all global deaths (1). Coronary artery disease is the most
common type of heart disease in the United States. In
2008, 405309 people died from coronary artery disease
in the United States (2). Thus, a considerable number of
individuals with suspected cardiovascular disease re-
quire clinical evaluation (3).

Angiography is an imaging modality that opacifies
body vessels. Cardiac angiography is a procedure used
to visualize the heart vessels via contrast media when
exposed by X-rays (4). Invasive cardiac coronary angi-
ography is known as the gold standard for detecting
coronary obstructive defects (5). However, it is associated
with a less than 2% risk of complications. This risk may
increase significantly depending on the patient’s condi-
tion (6). Therefore, due to the associated risks and large
number of patients undergoing this imaging technique,
a simple, rapid and noninvasive modality for coronary
angiography was developed. Cardiac CT angiography was
established as a non-invasive cardiac angiography imag-

ing modality following the introduction of multi-slice CT
(MSCT) (7).

Advances in technology have resulted in an increase
in gantry rotational speed. Accordingly, the temporal
and spatial resolutions of newer MSCT scanners have in-
creased considerably (8). The thyroid is a radiosensitive
organ that is located in the front of the neck inferior to
the cricoid cartilage. Its anatomical position is such that
this gland is exposed directly or indirectly when adjacent
body parts are imaged, particularly during cardiac CT an-
giography when patients are placed in the supine posi-
tion and the neck is extended. The radiation dose to the
thyroid during different radiological examinations has
been evaluated (9, 10) and the risk of cancer in the thy-
roid gland due to the received radiation dose has been as-
sessed by groups of researchers (11). The gonad as another
radiosensitive organ must be protected from ionizing
radiation due to the risk of hereditary effects of ionizing
radiation in young patients (12).

Retrospective electrocardiographic gating is the main
choice of data acquisition in cardiac coronary artery im-
aging with multiple-row detector. In this mode the sub-
jects’ electrocardiography (ECG) signals are monitored
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continuously and CT scan is acquired continuously in
helical mode. Both the scan projection data and the ECG
signals are recorded. The information about the subject’s
heart cycle is then used during image reconstruction.
This method of data collection causes further improve-
ment in temporal resolution. However, the disadvantage
of the retrospective gating mode of acquisition is the
increased radiation dose because the data are acquired
throughout the heart cycle. In contrast, during the pro-
spective ECG- triggered scan mode, the patient’s ECG is
continuously monitored, but the X-ray tube is turned on
at predetermined R-R intervals to acquire sufficient scan
data for image reconstruction (8). Therefore, the patient’s
radiation dose is minimized compared with retrospec-
tive gating, but this mode of scan is associated with some
limitations (13). Accordingly, most of the imaging centers
that use 64-multislice CT prefer to use the advantages of
retrospective gating cardiac CT angiography.

Care Dose 4D is a technique that reduces dose in CT.
Care Dose 4D is another name for automatic exposure
system (different manufacturers have assigned different
names to this method e.g. Smartm A, DoseRight). Auto-
matic exposure control, which is also called phototimer
in general radiology, has been used instead of manual ex-
posure time setting in radiography. Phototimers operate
by measuring the actual amount of radiation incident
on the image receptor (e.g. detectors) and terminating X-
ray production when the proper amount is obtained. In
other words, In other words, this causes an X-ray tube cur-
rent that is adapted to the anatomy of the patient. For ex-
ample, in an adult patient, 140 mAs (milliamper-second)
might be needed in the shoulder region; whereas, 55 mAs
would be enough in the thorax (14).

2. Objectives

The aim of this study was to evaluate the radiation dose
to the thyroid and pelvis regions in patients undergoing
cardiac CT angiography using retrospective ECG gating
and Care Dose 4D method.

3. Patients and Methods

3.1. Patient Enrollment

Following study approval by the University’s Medical
Ethics Committee, 81 patients, (41 males and 40 females)
diagnosed with suspected coronary artery disease re-
ferred to Golestan Hospital, Imaging Department were
recruited. Inclusion criteria were based on the protocol
for multi-slice CT coronary angiography. For instance,
the number of heart beats (70 beats/minutes), renal sys-
tem function (normal range of blood urea nitrogen and
serum creatinine), no allergy to contrast media, ability
to lay flat, respiratory system function (ability to hold a
20-second breath) were assessed in each patient. Exclu-
sion criteria were rapid changes of heart beat before

starting or during the test, or any critical condition while
injecting contrast media.

3.2.TLD Placement

Before performing measurements, the aim of the study
was explained and patient consent was obtained to at-
tach thermoluminescent chips (TLDs) to the skin at the
level of the thyroid and pelvis regions. For male subjects,
TLDs were mounted on the patient’s cover, exactly where
the testes are located in supine position Figure 1 for fe-
male subjects, TLDs were placed at the approximate ana-
tomical position of the ovaries in the pelvis (hypogasteric
region between the anterior iliac spine and mid sagittal
line) to measure the received dose Figure 2. To measure
entrance skin dose (ESD) at the level of the thyroid, five
TLD chips were used. A theoretical square was used and a
TLD chip was placed at each corner and one in the middle
of the square Figure 3. The average of the TLD doses was
calculated and recorded.

Figure 1. Placement of thermo luminescent chips on the male pelvis

Figure 2. Placement of thermo luminescent chips on the female pelvis
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3.3.Imaging Protocol

Patients were scanned using a Sensation 64 (Siemens,
Forchheim- Germany). The Care Dose 4D method was se-
lected to scan the patients. Retrospective electrocardio-
graphic gating was used to collect the data. A topogram
(topogram or scout view is a lateral or frontal image of
the patient reconstructed in rectangular grid), Ca score
(Cascoreisanumber reflecting the degree of calcium de-
positions in the walls of the coronary arteries), test bolus
(testbolus is an exposure that reveals the measure of con-
trast media of a particular vessel) and coronary CT (coro-
nary CT is computed tomography angiography test) were
carried out for each patient. The KeV was set at 120. Slice
thickness was 0.6 mm, pitch was 0.3, and the rotation
time was 0.33 second. Scanning was started from carina
to 2 cm below the diaphragm. The total dose length prod-
uct (DLP) and total mAs were obtained from the patients’
files and recorded.

3.4. TLD Preparation and Calibration and Radia-
tion Dose Assessment

The TLD (GR-200, Li, Mg, Cu, P) chips were 3.2 x 3.2 x 8.9
mm in size. TLDs were annealed at 245°C for 10 minutes
based on the operating condition recommendations be-
fore irradiation. They were then left to cool at room tem-
perature. The TLD calibration procedure was performed
on the basis of the Harshaw 3500 operation manual. Each
chip was placed inside a thin plastic bag to prevent physi-
cal and chemical damage. The TLDs were read by a Har-
shaw 3500 that was controlled by Winrem software. The
mean dose of the TLDs was recorded as the measured skin
entrance dose. Entrance skin doses for the gonads in male
subjects were converted to effective dose using appropri-
ate weighting factor (0.20). For thyroid and female gonad
dose assessment, guidelines introduced by Bushberg et
al. (2002) for organ dose estimation were adapted. Then
the obtained values were multiplied by appropriate tis-
sue correction factor (0.04 for thyroid).

3.5. Statistical Analysis

The data obtained were transferred to SPSS ver. 15 (SPSS
Inc., Chicago, IL) for analysis. Differences between param-
eters for the two patient groups were tested by unpaired
t-tests at 95% confidence interval (two-tailed). A P value
less than 0.05 was considered statistically significant.

4.Results

The radiation dose to the thyroid and gonads in the pa-
tients undergoing cardiac CT angiography was measured
using retrospective ECG gating and Care Dose 4D method.
Mean scan length was 13.1 cm and 13.5 cm, respectively for
female and male subjects. The characteristics of the male
and female subjects are shown in Tables 1 and 2. Compar-
ing the characteristics shown in Tables 1 and 2, the aver-
age age for cardiovascular disease development in male
and female subjects was 48.4 and 50.6 years, respectively.

Table 3 shows that there were no significant differences
between the mean total DLP and total mAs in male and fe-
male subjects. Table 4 shows that there was a significant
difference in the thyroid dose between male and female
subjects. A significant difference in gonad dose was also
observed between male and female subjects.

Table 1. Male Characteristics

Figure 3. Placement of thermo luminescent chips on the thyroid region
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Variables Values
No. of Patients 41
Mean Age, y 48.4110.24
Mean Weight, kg 78.6 £10.93
Mean Height, cm 174 £5.49
Mean Body Mass Index, kg/m? 26.5£5.06
Table 2. Female Characteristics
Variables Values
No. of Patients 40
Mean Age,y 50.6 £15.27
Mean Weight, kg 74.9 £11.54
Mean Height, cm 161.9 +5.62
Mean Body Mass Index, kg/m? 27.21£4.78
Table 3. Mean of Total DLP and Total mAs
Mean DLP 2/ ¢ Mean Total mAs P

Gender

Male 862 5836

Female 9293 6203
4 p=0.221

P=0.243.

€ Abbreviation: DLP; Dose Length Product.
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Table 4. Mean Thyroid and Gonad Dose

Mean Thyroid Dose, Mean Gonad Dose,
mSv 2 psvb

Gender

Male 0.32 88

Female 0.41 112
Total Mean 0.36 96.5
4 p=0.032.

P=0.026.

Pearson correlation test was used to assess potential
correlation between variables. For both male and female
subjects, a correlation was observed between total DLP
and total mAs (for males, r = 0.895, P = 0.001; for females,
r=0.902, P =0.001), between body mass index (BMI) and
total DLP (for males, r = 0.582, P = 0.001; for females, r =
0.580, P = 0.006), between BMI and total mAs (for males,
I = 0.470, P = 0.008; for females, r = 0.690, P = 0.0.0001).
For male subjects, a correlation was observed between
thyroid dose and DLP (r = 0.575, P = 0.001). A correlation
was also observed between total mAs and thyroid dose
for male subjects (r=0.598, P=0.001).

whereas, a correlation was not observed between thy-
roid dose and BMI (for males, r = 0.085, P = 0.650; for fe-
males, r = 0.262, P = 0.251), between gonad dose and BMI
(for males, r = 0.230, P = 0.214; for females, r =-0.117, P =
0.612), between thyroid dose and total DLP (for females,
r =0.223, P =0.332), between thyroid dose and total mAs
for female subjects (r = 0.308, P = 0.174), and finally be-
tween gonad dose and total mAs (for males, r = 0.058,P=
0.758; for females, r = 0.112, P=0.630).

5. Discussion

The radiation dose to the thyroid and pelvis regions in
patients (male and female) undergoing cardiac CT angi-
ography was measured. The results of this study showed
that the average age of male and female subjects diag-
nosed with suspected coronary artery disease requiring
clinical evaluation was 48.4 £10.24 and 50.6 +15.27 years,
respectively.

The DLP that indicated total exposure following a series
of scans was not significantly different between male and
female subjects (P = 0.221). This was similar to total mAs
that indicated total radiation exposure.

It was assumed that breast tissue in female subjects
acted as a radiation scattering factor and increased the
skin dose to the thyroid region. Therefore, significant dif-
ference in the mean radiation dose to the thyroid was
observed between male and female subjects.

The mean of the thyroid dose in male and female sub-
jects was 0.32 mSv and 0.41 mSy, respectively (total mean
0.36). With regard to national commission radiation pro-
tection (NCRP 2003c) recommendations, which stated
that cumulative effective dose to an individual member
of the public from such x-ray systems used in security

screening of human should not exceed a control level of
0.25 mSv per year, the value obtained in this study for one
organ (e.g. the thyroid) is high.

Due to a limited number of studies, an exact compari-
son cannot be made between the results of this study
and other studies. However, these values were in the
range (below 20 mGy) reported by Sabarudin et al. (15)
and Mclaughlin and Mooney (16), although some differ-
ences in the methodologies used in these studies were
observed. The values obtained in this study for the thy-
roid dose was similar to the values (0.37, 0.92 and 2.24
mGy) reported by Nikolic et al. using 320-multi detector
CT and three different tube voltages (100,120, KVp) as well
as two different heart rates (60,75 beats per minute) (17).
It has been demonstrated that the measured radiation
dose is inversely proportional to the number of detector
rows (14). Therefore, the values obtained in this study for
thyroid dose are comparable with the values reported by
Nikolic et al. who used 320-multi detector CT to measure
the thyroid radiation dose.

Assignificant difference was observed in gonad dose be-
tween male and female subjects (81 uSv versus 112 pSy, to-
tal mean 96.5 pSv) (P=0.026). The mean gonad dose in fe-
male subjects was greater than that in male subjects. This
could be attributed to differences in male and female
body height (174 £ 5.49 cm versus 161.9 * 5.62 cm) caus-
ing scattering of radiation in female subjects that may
have reached the pelvis region. The positioning of TLDs
may also have resulted in the difference in mean gonad
dose between male and female subjects. The magnitude
of the gonad dose in this study was similar to the values
reported by Sabarudin et al. (15) and Hohl et al. (18) for
shielded testes.

In conclusion, it can be said that the total mean of radia-
tion dose to the thyroid and gonads were 0.36 mSv, and
96.5 uSv, respectively. These values were high for one or-
gan in a single study. Gender can affect the radiation dose
to the thyroid and gonads. This can be attributed to the
anatomical characteristic differences between the male
and female subjects.

Acknowledgements

We thank Deputy of Research of Jundishapur University
of Medical Sciences for financial support of our work.

References

1. Worl Health Organization.. Cardiovascular diseases (CVDs). 2013.
Available from: www.who.int/mediacentre/factsheets/fs317/en/
index.htm.

2. Minino AM, Murphy SL, Xu J, Kochanek KD. National vital statis-
tics reports : from the Centers for Disease Control and Preven-
tion, National Center for Health Statistics, National. Natl Vital Stat
Rep. 2011;59(10):1-126.

3. Cook S, Walker A, Hugli O, Togni M, Meier B. Percutaneous coro-
nary interventions in Europe: prevalence, numerical estimates,
and projections based on data up to 2004. Clin Res Cardiol.
2007;96(6):375-82.

4. Bushong SC. Radiologic Science for Technologists. 9th edSt. Louis,
Missouri, USA: Mosby Elsevier Press; 2008.

Iran ] Radiol. 2015;12(2):e20619



Behroozi H et al.

Coles DR, Smail MA, Negus IS, Wilde P, Oberhoff M, Karsch KR, et
al. Comparison of radiation doses from multislice computed to-
mography coronary angiography and conventional diagnostic
angiography. ] Am Coll Cardiol. 2006;47(9):1840-5.

Scanlon PJ, Faxon DP, Audet AM, Carabello B, Dehmer GJ, Eagle
KA, et al. ACC/AHA guidelines for coronary angiography: execu-
tive summary and recommendations. A report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee on Coronary Angiography) de-
veloped in collaboration with the Society for Cardiac Angiogra-
phy and Interventions. Circulation. 1999;99(17):2345-57.

Nieman K, Oudkerk M, Rensing BJ, van Ooijen P, Munne A, van
Geuns R], et al. Coronary angiography with multi-slice comput-
ed tomography. Lancet. 2001;357(9256):599-603.

Mahesh M, Cody D. . Physics of cardiac imaging with multiple-row
detector computed tomography. Seeram E. editor. : Saunders Else-
vier; 20009.

Shortt CP, Fanning NF, Malone L, Thornton J, Brennan P, Lee M]J.
Thyroid dose during neurointerventional procedures: does
lead shielding reduce the dose? Cardiovasc Intervent Radiol.
2007;30(5):922-7.

Bahreyni Toossi MT, Zare H, Bayani S, Esmaili S. Organ and effec-
tive doses of patients arising from coronary angiography and
percutaneous transluminal coronary angioplasty at two hospi-
tals in Mashhad-Iran. Radiat Prot Dosimetry. 2008;128(3):363-6.
Einstein AJ, Henzlova MJ, Rajagopalan S. Estimating risk of can-
cer associated with radiation exposure from 64-slice computed

Iran ] Radiol. 2015;12(2):20619

12.

13.

14.

15.

16.

18.

tomography coronary angiography. JAMA. 2007;298(3):317-23.
Doolan A, Brennan PC, Rainford LA, Healy ]. Gonad protection for
the antero-posterior projection of the pelvis in diagnostic radi-
ography in Dublin hospitals. Radiography. 2004;10(1):15-21.
Shuman WP, Branch KR, May JM, Mitsumori LM, Lockhart DW,
Dubinsky TJ, et al. Prospective versus retrospective ECG gating
for 64-detector CT of the coronary arteries: comparison of image
quality and patient radiation dose. Radiology. 2008;248(2):431-7.
Seeram E. . Computed tomography, physical principles, clinical ap-
plications and quality control. 3th edSt Missouri, USA: Sunders El-
sevier press; 2009.

Sabarudin A, Sun Z, Ng KH. Radiation dose associated with coro-
nary CT angiography and invasive coronary angiography: an
experimental study of the effect of dose-saving strategies. Radiat
Prot Dosimetry. 2012;150(2):180-7.

McLaughlin D], Mooney RB. Dose reduction to radiosensitive
tissues in CT. Do commercially available shields meet the users'
needs? Clin Radiol. 2004;59(5):446-50.

Nikolic B, Khosa F, Lin P], Khan AN, Sarwar S, Yam CS, et al. Ab-
sorbed radiation dose in radiosensitive organs during coro-
nary CT angiography using 320-MDCT: effect of maximum
tube voltage and heart rate variations. AJR Am | Roentgenol.
2010;195(6):1347-54.

Hohl C, Mahnken AH, Klotz E, Das M, Stargardt A, Muhlenbruch
G, et al. Radiation dose reduction to the male gonads during
MDCT: the effectiveness of a lead shield. AJR Am ] Roentgenol.
2005;184(1):128-30.



