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 Purpose: To determine radiation doses from coronary computed 
tomographic (CT) angiography performed by using a 
320–detector row volume scanner and evaluate how the 
effective dose depends on scan mode and the calculation 
method used.

 Materials and 
Methods: 

Radiation doses from coronary CT angiography performed 
by using a volume scanner were determined by using metal-
oxide–semiconductor fi eld-effect transistor detectors posi-
tioned in an anthropomorphic phantom physically and ra-
diographically simulating a male or female human. Organ 
and effective doses were determined for six scan modes, 
including both 64-row helical and 280-row volume scans. 
Effective doses were compared with estimates based on 
the method most commonly used in clinical literature: 
multiplying dose-length product (DLP) by a general con-
version coeffi cient (0.017 or 0.014 mSv·mGy  2 1 ·cm  2 1 ), 
determined from Monte Carlo simulations of chest CT by 
using single-section scanners and previous tissue-weighting 
factors.

 Results: Effective dose was reduced by up to 91% with volume 
scanning relative to helical scanning, with similar image 
noise. Effective dose, determined by using International 
Commission on Radiological Protection publication 103 
tissue-weighting factors, was 8.2 mSv, using volume scan-
ning with exposure permitting a wide reconstruction win-
dow, 5.8 mSv with optimized exposure and 4.4 mSv for op-
timized 100-kVp scanning. Estimating effective dose with 
a chest conversion coeffi cient resulted in a dose as low as 
1.8 mSv, substantially underestimating effective dose for 
both volume and helical coronary CT angiography.

 Conclusion: Volume scanning markedly decreases coronary CT an-
giography radiation doses compared with those at helical 
scanning. When conversion coeffi cients are used to esti-
mate effective dose from DLP, they should be appropriate 
for the scanner and scan mode used and refl ect current 
tissue-weighting factors.
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of the brief duration during which the 
x-ray tube needs to be left on (as little 
as 0.35 second; ie, a full gantry rota-
tion), volume scanning offers the theo-
retic possibility of markedly decreasing 
radiation dose in comparison with tra-
ditional helical scanning. However, con-
cerns have been raised about the ability 
of the fi rst generation of volume scan-
ners to optimally achieve this potential 
dose reduction. The wider x-ray beam 
raises the possibility of higher dose due 
to overbeaming   or increased scattered 
radiation, as does the requirement that 
the beam remain on for a full gantry ro-
tation during coronary CT angiography 
rather than the one-half gantry rota-
tion typical of traditional multidetector 
CT scanners. It thus remains uncertain 
how the technological advances of vol-
ume scanning affect radiation dose. 

 The primary goal of the present 
study is to accurately characterize ra-
diation dose to patients from coronary 
CT angiography performed by using the 
fi rst-generation volume CT scanner, a 
320–detector row scanner. We consider 
six different scan modes incorporated 
into the scanner, and for each mode 

its attendant cancer risks ( 3 ). In the 
largest U.S. registry of coronary CT an-
giography dose information, median ef-
fective dose from coronary CT angiog-
raphy was 21 mSv, equivalent to over 
1000 posteroanterior chest radiographs 
or 7 years of background radiation, pri-
or to an intervention aimed at lowering 
dose ( 4 ). In the past 2 years, a number 
of methods have been introduced to 
decrease radiation dose from coronary 
CT angiography, including sequential or 
“step-and-shoot” imaging ( 5,6 ) and new 
dual-source protocols ( 7 ). 

 An appealing approach to coronary 
CT angiography in general, and to dose 
reduction in particular, is the use of a 
volume CT scanner. Traditional multi-
detector CT scanners acquire data over 
an interval of time, during which the 
patient table translates so that the scan-
ner’s detectors obtain data from the 
most cranial to the most caudal portion 
of the heart. In contrast, the detector 
array of a volume scanner contains suf-
fi cient craniocaudal coverage such that 
the entire length of the heart can be 
imaged simultaneously, with the patient 
stationary. By imaging the entire heart 
in one piece, volume scanning elimi-
nates stair-step artifacts due to seams 
or gaps between image sections caused 
by interheartbeat variations in the 
locations of coronary arteries, as well 
as artifacts due to temporal changes 
in coronary opacifi cation by iodinated 
contrast material. Moreover, because 

             Coronary computed tomographic 
(CT) angiography has gener-
ated great enthusiasm in recent 

years, owing to its high diagnostic ac-
curacy effi cacy in the assessment of 
patients known to have or suspected 
of having coronary artery disease ( 1 ). 
It has been estimated that 2.3 million 
coronary CT angiography examinations 
are performed annually in the United 
States ( 2 ). Nevertheless, the enthusi-
asm about this test has been tempered 
by concern about the potentially high 
radiation dose received by patients un-
dergoing coronary CT angiography and 

 Implications for Patient Care 

 Coronary CT angiography can be  n

performed by using volume scan-
ning to decrease radiation dose 
to patients. 

 For a volume scanner, the scan  n

mode chosen for coronary 
angiography is critical in deter-
mining the radiation dose 
received by the patient. 

 Scanner- and scan mode– n

appropriate conversion factors 
that refl ect current tissue-weighting 
factors should be used to accu-
rately estimate effective dose 
from dose-length product. 

 Advances in Knowledge 

 By using 100-kVp volume scan- n

ning, effective dose from coro-
nary CT angiography can be 
decreased by up to 91% in com-
parison with standard helical 
scanning, with no change in 
image noise. 

 Effective dose from coronary  n

CT angiography by using volume 
scanning with an optimized expo-
sure time was 5.8 mSv at 120 
kVp and 4.4 mSv at 100 kVp, 
using International Commission 
on Radiological Protection (ICRP) 
publication 103 tissue-weighting 
factors. 

 Organ dose to the lungs and  n

female breasts, the critical 
organs for coronary CT angiogra-
phy, can be decreased to as low 
as approximately 9 mGy by using 
volume scanning. 

 Effective dose of coronary CT  n

angiography, calculated with the 
current defi nition of effective 
dose, in ICRP publication 103, is 
33%–42% higher than that calcu-
lated with the previous defi ni-
tion, in ICRP publication 60. 

 The conversion factors commonly  n

used to estimate effective dose 
from dose-length product, which 
are derived from single-section 
scanners, underestimate effective 
dose in coronary CT angiography 
for both volume scanning and 
64–detector row helical imaging. 
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for dosimetry in more than 20 inter-
nal organs. Tissue-equivalent holders 
are used for MOSFET detector place-
ment within these holes. With the use 
of human anatomic data, this phantom 
has been modifi ed from a commercially 
available anthropomorphic phantom 
(ATOM 701; CIRS, Norfolk, Va). Addi-
tional holes were drilled so that absorbed 
dose could be determined for each organ 
with a signifi cant tissue-weighting factor 
in the ICRP 2007 guidelines. Medium-
sized tissue-equivalent breast phantoms, 
constructed based on CT data from an 
actual patient imaged in the supine posi-
tion, were attached to the phantom for 
scans of female phantoms. This phantom 
is not only physically similar to a human 
(weight, 73 kg; height, 173 cm; thorax, 23 
 3  32 cm without breasts) but is also ra-
diographically similar to a human ( Fig 2  ), 
thereby enabling realistic simulation of a 
person undergoing a CT examination. 

 MOSFET Dosimeters 
 A mobile MOSFET dose verifi cation 
system (TN-RD-70W; Best Medical, 

 Materials and Methods 

 Relation to Industry 
 No industry support was received for 
this study; costs were covered by intra-
mural (A.E.A.) and extramural (A.J.E.) 
National Institutes of Health funding. 
One author (R.M.), who is an employee 
of Toshiba America Medical Systems, 
did not have control of inclusion of any 
data or information that might present 
a confl ict of interest. 

 Phantoms 
 A whole-body dosimetry verifi cation 
phantom, made of tissue-equivalent poly-
mers and resins that simulate soft tissue, 
spinal cord, spinal disks, lung, brain, 
and bone, was used ( Fig 1  ). The same 
phantom was used for all scans. Photon 
attenuation values for all substitutes are 
within 3% of the value for actual tissue. 
The phantom is sectional, consisting 
of a series of 25-mm-thick contiguous 
sections. In each section, 5-mm-diameter 
holes, drilled in the craniocaudal direc-
tion. are located at positions optimized 

we use standard clinical protocols used 
in practice that are in accordance with 
manufacturer’s recommendations. Our 
approach is to measure organ doses in 
a custom-adapted phantom by using 
solid-state metal-oxide–semiconductor 
fi eld-effect transistor (MOSFET) dosim-
eters and determine effective dose by 
using the methods specifi ed in the cur-
rent (2007) recommendations of the In-
ternational Commission on Radiological 
Protection (ICRP) ( 8 ). These results are 
compared with effective dose determi-
nation based on the methods specifi ed 
in previous ICRP guidelines ( 9 ) as well 
as with estimates based on conversion 
factors found in the European Guide-
lines on Quality Criteria for Computed 
Tomography ( 10,11 ). 

 Figure 1 

  
  Figure 1:  Modifi ed physical anthropomorphic 
phantom (ATOM 701; CIRS). Views of  (a)  torso and 
 (b)  cross section through chest.   

 Figure 2 

   

 Figure 2:  CT scans 
of modifi ed anthropo-
morphic phantom. 
 (a)  Multiplanar reforma-
tion of axial image 
obtained at coronary 
CT angiography. 
 (b)  Volume-rendered 
image with cut plane, 
illustrating the 14 cm 
scanned simultaneously. 
 (c)  Volume-rendered 
image with bone 
windows of the 
modifi ed phantom.  
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determined prior to scanning (A.J.E., 
A.E.A., M.Y.C.). Gantry rotation time 
was 0.35 second in each mode. Tube 
current was selected with a clinically 
used table based primarily on patient 
weight. 

 Six coronary CT angiography scan 
modes were considered, as summa-
rized in  Table 1  . All helical modes are 
currently implemented by using only 
the middle 64 rows, while volume 
modes enable up to 320 rows to be 
utilized. For electrocardiographically 
synchronized tube current modulation 
(ESTCM), tube current remained at its 
maximal value between 70% and 80% 
of the cardiac cycle, and dropped to 
20% of maximum outside of this tem-
poral window. Prospectively triggered 

was repeated separately with MOSFETs 
placed in one of three regions—the 
thorax, cranial to the thorax, and caudal 
to the thorax—thus enabling MOSFETs 
in a total of 46 locations to be used to 
characterize the dosimetry of each scan 
mode. 

 CT Scans 
 CT examinations were performed with 
a 320–detector row scanner (Aquilion 
ONE; Toshiba Medical Systems, Ota-
wara, Japan). A patient heart rate of 
60 beats per minute was simulated by 
using a “chicken heart” electronic de-
vice incorporated into the scanner’s 
cardiac monitor. Scan protocols, typical 
of those used clinically at the National 
Heart, Lung, and Blood Institute, were 

Ottawa, Canada) reader was coupled 
with high-sensitivity MOSFETs (TN-
1002RD; Best Medical). MOSFETs were 
calibrated to relate voltage readout to 
absorbed dose of radiation by using an 
electrometer and ionization chamber 
combination (model 1015; Radcal, Mon-
rovia, Calif). MOSFETs were positioned 
in locations corresponding to the heart, 
lungs, breast, esophagus, thyroid, thy-
mus, colon, small intestine, stomach, 
ovary, testes, bladder, liver, uterus, 
prostate, brain, spleen, pancreas, sali-
vary glands, adrenal glands, extratho-
racic airways, gall bladder, kidneys, oral 
mucosa, and bone/bone marrow of the 
phantom ( Fig 3  ). Up to 20 MOSFETs 
were placed in the phantom for any 
individual scan. Each scan protocol 

 Figure 3 

  
  Figure 3:   (a)  Reader with fi ve attached MOSFETs.  (b)  Modifi ed anthropomorphic phantom with MOSFETs placed for dosimetry measure-
ments in the thorax.  (c)  Phantom is shown in the CT scanner with MOSFETs placed, ready for acquisition of dose measurements.   

 Table 1 

  The Six Scan Modes Evaluated  

Mode
Detector 
Rows

Collimation
per Row (mm)

Total Scan Length 
(mm) Tube Voltage (kVp)

Maximum Tube 
Current (mA)

Exposure Time 
(sec) Pitch

Retrospectively gated helical 64 0.5 140 120 430 9.28 0.20
Retrospective helical with ESTCM 64 0.5 140 120 430 9.28 0.20
Prospectively triggered helical 64 0.5 140 120 430 2.55–2.95 0.27
Prospectively triggered volume
 Standard exposure time 280 0.5 140 120 430 0.55
 Optimized exposure time 280 0.5 140 120 430 0.40
Low-voltage prospectively triggered volume: 

optimized exposure time
280 0.5 140 100 550 0.40
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estimated by using DLP multiplied by 
European Commission chest conversion 
factors. These factors, based on Monte 
Carlo simulations modeling single-
section scanners, were 0.017 mSv·mGy  2 1 ·
cm  2 1  in the 2000 European Commis-
sion guidelines ( 10 ) and 0.014 mSv·
mGy  2 1 ·cm  2 1  in appendix C of the 2004 
guidelines ( 11 ). 

 Image Noise 
 Axial images from coronary CT angio-
graphic scans of a female phantom per-
formed with each of the six scan proto-
cols were reconstructed with a section 
thickness of 0.5 mm, standard cardiac 
kernel (FC04), and adaptive noise re-
duction algorithms (QDS and Boost3D; 
Toshiba Medical Systems  ). Image noise 
was assessed for each scan, in the same 
14 locations within the heart, as the 
standard deviation of CT number in the 
region of interest. Difference in noise 
among the six protocols was assessed 
by using repeated-measures analysis of 
variance, with Box epsilon used to cor-
rect the degrees of freedom. Statistical 
calculations were performed by using 
statistical software (Stata 10.1; Stata, 
College Station, Tex). 

 Results 

 Effective Doses 
 Effective doses for the six protocols 
are summarized in  Table 2  . There was 
a marked difference in effective dose 
between protocols. With standard 64-
row helical scanning without ESTCM 
as the benchmark, effective dose was 
reduced by 91%, from 35.4 to 4.4 mSv, 
by using 100-kVp optimized volume 
scanning. Effective doses varied up to 
twofold between methods used to de-
termine effective dose. Effective doses 
determined by using organ doses and 
ICRP publication 103 tissue-weighting 
factors were the highest, ranging from 
33% to 42% higher than effective doses 
determined by using the older ICRP 
publication 60 tissue-weighting factors. 
Estimating effective dose from DLP by 
using a generic chest conversion factor 
resulted in its underestimation, even in 
comparison with that from the older 
ICRP 60 defi nition. 

was selected for each combination such 
that the dose to the MOSFETs was suffi -
cient to ensure reproducibility, so as to 
minimize this source of error in effec-
tive dose estimates. In addition, doses 
were determined separately for bolus 
tracking, by using a tube voltage of 120 
kVp and a current of 150 mA with the 
four middle detectors. For bolus track-
ing, acquisition of at least 50 seconds 
was performed for each set of MOSFET 
positions; doses are reported as dose 
per 10 seconds of acquisition. No scout 
or aortic localizer scans were obtained; 
these generally contribute less than 5% 
of total dose. 

 Organ Dose Calculations 
 Organ doses were determined from 
MOSFET measurements. Cumulative 
point doses were determined at one 
to six locations for each organ, divided 
by the number of scans performed for 
each combination of scan mode and 
sex, and averaged to determine the ab-
sorbed dose to the organ. For lung, a 
weighted average was calculated, with 
the weighting of each MOSFET mea-
surement determined by the percent-
age of the organ’s volume closest to that 
MOSFET. The percentage of bone and 
active marrow in different locations was 
approximated by using separate weight-
ing factors as specifi ed by Eckerman 
et al ( 13 ). 

 Effective Dose Calculations 
 Effective dose was calculated from or-
gan absorbed doses by using radiation 
and tissue-weighting factors specifi ed 
in ICRP publication 103 ( 8 ), as well 
as those in the older ICRP publication 
60 ( 9 ). 

 Conversion Factor Determination and 
Effective Dose Estimation 
 Dose-length product (DLP), defi ned ac-
cording to International Electrotechni-
cal Commission standards ( 14 ), was re-
corded for each scan from the scanner 
console. The “ k  factor,” or conversion 
factor relating DLP to effective dose, 
was determined by dividing effective 
dose by DLP. The effective dose de-
termined by using MOSFET measure-
ments was also compared with that 

helical scanning is similar to the “ step-
and-shoot” scan mode incorporated into 
other manufacturers’ scanners, in leav-
ing the x-ray tube on only during a brief 
window during diastole, but differs in 
that the scanner operates in a helical 
rather than axial mode. 

 For volume scanning, the middle 
280 detector rows were used, attain-
ing 14-cm craniocaudal coverage, which 
is greater than the median scan length 
used in practice and usually suffi cient 
for cardiac scanning ( 12 ). Two differ-
ent 120-kVp volume scanning modes 
were considered. To have enough data 
to reconstruct a given cardiac phase, it 
is necessary to obtain some data before 
and after the desired phase. In the fi rst 
volume mode, referred to as volume 
imaging with standard exposure time, a 
phase window from 65% of the cardiac 
cycle to the subsequent R wave was pre-
specifi ed, which in practice results in a 
reported exposure time of 0.55 second 
and enables reconstruction from 61% 
to 82% of the cardiac cycle at a heart 
rate of 60 beats per minute. Works-
in-progress enhancements to cardiac 
reconstruction algorithms reduce the 
necessary amount of data surrounding 
the desired phases, therefore enabling 
shorter exposure times. In the second 
volume scanning mode, referred to as 
volume imaging with optimized expo-
sure time, a 75%–75% phase window 
was prespecifi ed, which in practice 
results in a reported exposure time of 
0.40 second. This exposure time cur-
rently enables reconstructions for a sin-
gle phase at 75% of the cardiac cycle, 
but with the enhanced cardiac recon-
struction algorithm enables reconstruc-
tions from approximately 69%–81% of 
the cardiac cycle, at a heart rate of 60 
beats per minute. Optimized exposure 
time volume scanning was also per-
formed by using a 100-kVp protocol; 
this represents the lowest-dose volume 
scanning mode which still enables mul-
tiple phase reconstructions. 

 Separate scans were obtained for 
male and female phantoms. Two to 10 
repetitions of the scan protocol were 
performed for each combination of 
scan mode, sex, and set of MOSFET 
placements. The number of repetitions 
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critical organs varied markedly between 
protocols; doses to female breasts and 
to female and male lungs all decreased 
by 87% by using 100-kVp optimized vol-
ume scanning, in comparison with 64-
row helical scanning. 

 Image Noise 
 While there was a statistically signifi -
cant difference in image noise among 
the six protocols ( P  = .004), mean and 
median noise were similar between the 
six scan protocols ( Fig 4  ), with median 
values ranging between 25.0 and 30.9 
HU. While the highest median noise 
was that for 100-kVp optimized volume 
scanning (30.9 HU), in six of the 14 

monly used are uniformly 0.014 (2004 
guidelines) or 0.017 mSv·mGy  2 1 ·cm  2 1  
(2000 guidelines), independent of the 
scan mode used. 

 Organ Doses 
 Organ doses for the six scan modes 
and bolus tracking are summarized in 
 Table 4  . Organs that contributed most 
to effective dose were the female breasts, 
lungs, red bone marrow, stomach, and 
esophagus, for which weighted equiva-
lent doses ( 15 ) (portions of effective 
dose attributable to a specifi c organ) 
were 2.0, 1.4, 0.8, 0.5, and 0.3 mSv, 
respectively, for 120-kVp optimized 
volume scanning. Organ doses to these 

 Conversion Factors 
 By using effective dose determined 
with its current defi nition (based on 
organ doses measured and tissue-
weighting factors specifi ed in ICRP 
publication 103), conversion factors 
relating DLP to effective dose from 
coronary CT angiography ranged from 
0.027 to 0.034 mSv·mGy  2 1 ·cm  2 1 , de-
pending on the scan mode ( Table 3  ). 
Even with the older ICRP publica-
tion 60 defi nition of effective dose, 
these conversion factors would range 
0.020–0.022 mSv·mGy  2 1 ·cm  2 1  for 64-
row helical scanning and 0.021–0.024 
mSv·mGy  2 1 ·cm  2 1  for volume scanning. 
In contrast, the conversion factors com-

 Table 2 

  Effective Doses of the Six Scan Protocols  

Method Used
Effective Dose 
Derived from Helical Helical ESTCM

Prospective 
Helical

Volume with Standard 
Exposure Time

Volume with 
Optimized Exposure 
Time

Volume 100 kVp: 
Optimized Exposure 
Time

Bolus 
Tracking * 

ICRP publication 103  †  Organ doses 35.4 22.3 9.3 8.2 5.8 4.4 0.8
ICRP publication 60 Organ doses 26.5 16.6 7.0 5.9 4.1 3.1 0.7
2000 European 

guidelines
DLP  3   k  factor 20.4 14.0 5.9 4.8 3.2 2.2 0.8

2004 European 
guidelines

DLP  3   k  factor 16.8 11.6 4.9 4.0 2.7 1.8 0.7

DLP (mGy·cm) 1201.3 826.2 348.9 284.7 189.8 128.6 48.4
Dose reduction 

from helical (ICRP 
publication 103) (%)

37.0 73.7 76.8 83.6 91.2

Note.—Except where otherwise indicated, data are the effective dose in millisieverts. Skin dose is not included.

* Bolus tracking doses are for 10 seconds of tracking.

 †  For remainder organs, average dose to all organs listed in ICRP 103, except for lymph nodes and muscle, is used.

 Table 3 

  Conversion Factors  k  for the Six Scan Modes  

Method Used Helical Helical ESTCM Prospective Helical
Volume with Standard 
Exposure Time

Volume with Optimized 
Exposure Time

Volume 100 kVp: 
Optimized Exposure 
Time

Bolus 
Tracking * 

ICRP publication 103  †  0.029 0.027 0.027 0.029 0.031 0.034 0.017
ICRP publication 60 0.022 0.020 0.020 0.021 0.022 0.024 0.014
European guidelines 2000 0.017 0.017 0.017 0.017 0.017 0.017 0.017
European guidelines 2004, appendix C 0.014 0.014 0.014 0.014 0.014 0.014 0.014

Note.—Data are the ratio of effective dose to DLP, in mSv·mGy  2 1 ·cm  2 1 . Skin dose is not included.

* Bolus tracking doses are for 10 seconds of tracking.

 †  For remainder organs, average dose to all organs listed in ICRP 103, except for lymph nodes and muscle, is used.
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 Table 4 

  Organ Absorbed Doses, in Milligrays  

Organ Helical Helical ESTCM Prospective Helical
Volume with Standard 
Exposure Time

Volume with Optimized 
Exposure Time

Volume 100 kVp: 
Optimized Exposure Time

Bolus 
Tracking * 

Female Phantom
 Heart 96.1 58.2 25.6 22.3 17.2 13.5 1.5
 Lung 66.3 42.7 18.2 15.5 11.2 8.6 2.2
 Breast 64.8 42.9 18.1 15.7 11.2 8.5 1.5
 Esophagus 43.9 28.6 12.5 9.3 6.7 5.0 2.6
 Liver 39.0 23.0 9.8 7.4 4.8 4.1 0.4
 Remainder organs (ICRP 103) 28.0 16.9 7.4 5.8 4.2 3.3 0.6
 Red bone marrow 37.3 22.4 9.9 9.6 6.5 5.2 0.4
 Stomach 36.3 21.1 8.5 5.3 3.8 2.6 0.3
 Remainder organs (ICRP 60) 24.9 15.0 6.5 5.0 3.5 2.7 0.6
Male Phantom
 Heart 113.2 71.3 30.5 27.8 19.5 15.8 1.6
 Lung 70.8 44.8 18.3 18.1 12.1 9.4 2.3
 Esophagus 46.9 31.1 13.0 9.8 7.0 5.3 3.2
 Liver 39.0 23.0 9.8 7.4 4.8 4.1 0.4
 Remainder organs (ICRP 103) 29.6 18.6 8.0 6.5 4.5 3.5 0.7
 Red bone marrow 37.8 24.3 10.6 9.8 7.0 5.4 0.4
 Stomach 36.3 21.1 8.5 5.3 3.8 2.6 0.3
 Remainder organs (ICRP 60) 24.9 15.7 6.8 5.2 3.5 2.7 0.7

Note.—Only organs contributing at least 3% of effective dose for volume scan are shown.

* Bolus tracking doses are for 10 seconds of tracking.

 Figure 4 

  
  Figure 4:  Graph of image noise for the six scan protocols. Points represent 
individual noise measurements in the 14 cardiac regions of interest, and the 
horizontal bars denote median values for each protocol.   

regions of interest this scan had less im-
age noise than or equal image noise to 
the standard helical scan (median, 29.6 
HU). For each scan protocol, there was 
at least one region with less image noise 
and one region with more image noise 
than that with standard helical scanning. 

 Discussion 

 Sixty-four–section coronary CT an-
giography using a helical technique 
has shown outstanding diagnostic per-
formance. Meta-analysis of 45 studies 
evidenced per-patient pooled sensitiv-

ity of 99% and specifi city of 89%, with 
median positive and negative predictive 
values of 93% and 100%, respectively 
( 16 ). However, 64-section helical coro-
nary CT angiography has also been as-
sociated with some of the highest radia-
tion doses of any diagnostic radiologic 
procedure ( 15 ), and, specifi cally, higher 
radiation doses than those from any 
generation of scanners preceding it. 
Thus, while the initial 64-section scan-
ners demonstrated improved diagnostic 
performance over previous generations 
of scanners, it is widely recognized that 
improved scanners, affording compara-
ble or improved diagnostic performance 
at lower cost in terms of radiation ex-
posure, are needed. In this context, vol-
ume scanning represents an important 
potential advance. 

 Nevertheless, concerns have been 
raised about the potential for overbeam-
ing and increased scattered radiation in 
volume scanning, as well as its need for 
a full gantry rotation for coronary CT 
angiography, and their implications in 
terms of increased dose. In fact, the 



Radiology: Volume 254: Number 3—March 2010 n radiology.rsna.org 705

 CARDIAC IMAGING:  Radiation Dose with Coronary CT Angiography Volume Scanning Einstein et al

CT requires further study. The validity 
of using  k  factors, which we provided 
here for the volume scanner, has been 
a subject of debate in the literature, 
and some experts argue against their 
use ( 19 ). While we found no sizable 
difference in image noise between scan 
protocols, this phantom study was not 
designed to compare the image quality 
and interpretability of actual clinical 
scans between protocols. These could 
differ even at similar levels of noise. 
The anthropomorphic phantom used 
refl ects a normal-sized individual, close 
in size to the Reference Person recom-
mended by ICRP for determining ef-
fective dose ( 8 ). While effective dose 
is a population-based quantity that 
does not depend on a particular indi-
vidual’s habitus, organ-absorbed doses 
could vary from the values found here 
depending on patient habitus. For pa-
tients with increased thoracic thick-
ness (eg, obsese patients), it would be 
expected that organ doses would need 
to be higher to maintain constant im-
age noise ( 23 ). 

 In conclusion, coronary CT angiog-
raphy can be performed by using volume 
scanning to decrease radiation dose to 
patients with no meaningful change in 
image noise, with effective doses of 4.4 
mSv at 100 kVp and 5.8 mSv at 120 
kVp noted in this study, by using ICRP 
publication 103 tissue-weighting fac-
tors. For a volume scanner, the scan 
mode chosen for coronary angiography 
is critical in determining the radiation 
doses received by the patient. Given 
volume scanning’s potential for low ra-
diation dose, further studies evaluating 
its diagnostic accuracy effi cacy and im-
pact on patient-important outcomes are 
needed. The chest conversion factors 
commonly used to estimate effective 
dose from DLP in coronary CT angio-
graphy signifi cantly underestimated ef-
fective dose, for both volume scanning 
and 64-section helical imaging, and thus 
scanner- and scan mode–appropriate 
conversion factors are needed to accu-
rately estimate effective dose. 

  Acknowledgments:  We thank Gary Johnson, 
AAS, for help in constructing the phantom and 
Gregory Henderson, RT, for assistance in CT 
scanning. 

tive doses estimated here by using these 
 k  factors, which were as low as 2.7 mSv 
at 120 kVp and 1.8 mSv at 100 kVp, 
were considerably lower than those de-
termined by using the ICRP defi nition, 
even in its lower-dose ICRP publication 
60 formulation. 

 Estimating effective dose with these 
conversion factors has numerous limi-
tations. These “broad estimates” ( 10 ) 
were not derived for contemporary 
coronary CT angiography but rather 
for chest CT, they are based on Mon-
te Carlo simulations modeling single- 
section scanners now several genera-
tions old (ie, Siemens DRH, GE 9800, 
and Philips LX [ 11 ]), and they were 
derived by using the older ( 9 ) defi ni-
tion of effective dose. The conversion 
factors determined here can be used 
to estimate effective dose from volume 
and helical scanning by using the Aq-
uilion One scanner in the modes studied. 
Further studies are needed ( 19 ) to 
determine such conversion factors for 
the various scan modes ( 20 ) of other 
contemporary scanners. While the ac-
curacy of estimates of effective dose in 
contemporary coronary CT angiography 
obtained by using European guideline 
 k  factors is thus questionable, the fact 
that these estimates are similar in the 
current study to those previously re-
ported for sequential scanning ( 21 ) sug-
gests that concerns of overbeaming 
or increased scatter as a major contrib-
utor to effective dose in volume scan-
ning do not appear to be well founded. 
This observation is consistent with fi nd-
ings in 256-section coronary CT angio-
graphy with 8-cm craniocaudal coverage—
that increasing the scan length de-
creases the dose of prospectively gated 
scans ( 22 ). 

 Our study had several potential limi-
tations. The phantom was scanned with 
a fi xed heart rate of 60 beats per min-
ute with no signifi cant heart rate vari-
ability. At higher heart rates and with 
greater heart rate variability, the vol-
ume scanner used in our study acquires 
data over two consecutive heartbeats to 
ensure image quality, which would re-
sult in higher effective dose ( 17 ). The 
relationship between heart rate vari-
ability and radiation dose from volume 

only previous article addressing ra-
diation dose from volume coronary CT 
angiography reported a mean effective 
dose of 7.2 mSv (range, 4.9–16.5 mSv) 
in an initial experience with 34 patients 
( 17 ); this dose was based on the DLP, 
using a modifi ed conversion factor ( 18 ). 
While somewhat lower than typical 
effective doses for helical coronary CT 
angiography, these doses are consider-
ably higher than those described with 
sequential protocols on 64-section scan-
ners ( 5,6 ). Accounting in part for this 
discrepancy is lack of protocol optimi-
zation in these initial scans performed 
using volume coronary CT angiography. 
In 82% of patients scanned prospec-
tively, full tube current was maintained 
over 40% of the cardiac cycle, enabling 
reconstruction from 60%–100% of the 
R-R interval, thus generating a wide 
range of coronary images for evalua-
tion at the price of increased radiation 
dose. 

 The effective dose determined in 
our study from volume coronary CT an-
giography with standard exposure time 
(using the ICRP publication 103 defi ni-
tion) was 8.2 mSv, which is comparable 
to the mean dose in the aforementioned 
pilot series. Effective doses, however, 
were lower by using volume scanning 
with optimized exposure time: 5.8 mSv 
at 120 kVp and 4.4 mSv at 100 kVp. 

 Of note is the difference in effective 
dose we calculated from the same scan 
between different calculation  methods 
for effective dose. Effective dose is de-
fi ned by the ICRP, which updated its 
defi nition in 2007 ( 8 ). The approxi-
mately 40% higher effective doses that 
were determined by using this new for-
mulation largely refl ect the increased 
tissue-weighting factor assigned to the 
female breast (from 0.05 to 0.12) and, 
to a much lesser degree, the increase 
in the tissue-weighting factor to the 
“remainder organs” and their redefi ni-
tion to include the heart. In published 
literature ( 5–7,12 ), the most commonly 
used method to estimate effective dose 
from a coronary CT angiography proce-
dure has been to multiply the scanner-
 reported DLP by a conversion factor 
(denoted “ k  factor” or “ E  DLP ”) specifi ed 
in European guidelines ( 10,11 ). Effec-
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