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Minimizing radiation dose
in coronary CT angiography

By James P, Earls, M.D.

as a dependable and accurate tool for
detecting coronary artery disease.”? It
reliably rules out the presence of a coronary
stenosis in patients with a low to intermediate
probability of coronary artery disease. CCTA
is gaining widespread clinical acceptance,
changing how patients with known or sus-
pected coronary artery disease are evaluated.
Awareness is growing among healthcare
providers and the general public, however,
regarding the potential harmful effects of
low-dose radiation. The seventh report on
the health effects of exposure to low-dose
ionizing radiation released by the National
Research Council’s Committee on the
Biological Effects of Ionizing Radiation, the

c oronary CT angiography has emerged
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BEIR VII report," concluded that radiation
exposure from diagnostic procedures is relat-
ed to the development of cancers in humans.

CCTA and diagnostic conventional coro-
nary angiography are often compared, and
radiation dose is a concern in both. While
more invasive than CT, CCA has traditional-
ly used lower effective radiation dose levels,
ranging from 3.1 to 9.4 mSv per examina-
tion."™? The effective radiation dose in two
recent studies using 64-row multislice CT
was 13 to 15 mSv in men and 18 to 21.4
mSv in women.” Table 1 summarizes recent
reports using 64-row MSCT and dual-
source CT systems.?®'3!% 1 Reported effec-
tive doses of CCTA with the new DSCT sys-
tems are also relatively high, ranging from 8
to 16.1 mSv."**

Most CCTA techniques use retrospective-
ly gated helical data acquisition, in which the
patient and table move through the gantry at
a steady speed. A low pitch of 0.2 to 0.4 is
used to ensure that the entire cardiac volume
is adequately covered, especially if an ectopic
beat is encountered. Because of the low
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COMPARISON OF TUBE CURRENT OVER TIME FOR THREE CCTA TECHNIQUES
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FIGURE 1. In standard helical mode, mA is constant throughout acquisition. In ECG-
modulated helical scans, mA peaks in diastole and reduces in other parts of cycle.

pitch, specific anatomy may be exposed
to the x-ray beam as many as four or five
times during an examination. Net radia-
tion dose to the patient is cumulative for
each pass, yielding the relatively high
total dose.

Several methods can be used to mini-
mize the radiation dose in CCTA studies
(Table 2). Careful selection of scanning
parameters, including mA, kVp, field-of-
view, and z-axis coverage, is critical to
achieving a dose that adheres to the as
low as reasonably achievable (ALARA)
principle. Use of ECG-gated modulation
reduces the tube current in real-time dur-
ing portions of the cardiac cycle, allowing
for a decrease in overall radiation dose of
between 30% and 50% (Figure 1).1%7 A
new approach for cardiac scanning
known as prospectively gated axial (PGA)
CCTA, which uses combined step-and-
shoot axial data acquisition and an incre-
mentally moving table with adaptive
ECG triggering, can reduce mean effec-
tive dose to the patient by up to 80%
(Figure 2).'%¥

MEASURING RADIATION DOSE

Radiation dose is proportional to the tube
current, exposure time, and square of
tube voltage and is inversely proportional
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to the pitch for helical acquisition. CT
specific values are precisely defined, allow-
ing direct comparisons of the radiation
doses of various protocols and of similar
protocols on differing CT systems.
Effective dose reflects the nonuniform
radiation absorption within the body and

In prospective gated axial scans, current is off for most of data acquisition period and
on for only short period during diastole for three or four cardiac cycles.

is determined from information about
dose to individual organs and the relative
radiation risk assigned to each organ. The
dose is determined using mathematical
simulations of the absorption and scatter-
ing of x-ray photons in various tissues of
the human body. A reasonable approxi-

TABLE 1. COMPARISON OF EFFECTIVE DOSE ON CCTA EXAMS
USING 16- AND 64-ROW MSCT AND DSCT SYSTEMS

Author Technique Dose no ECG Dose with ECG
modulation modulation

16-row MSCT

Hunhold? Helical 10.9 to 13.0 mSv

Morin® Helical 9.31t011.3 mSv

Flohr® Helical 5.7 10 10.5 mSv 2.91t0 7.4 mSv

Trabold* Helical 8.1 10 10.9 mSv 4.3 10 5.6 mSv

64-row MSCT

Earls' Prospective axial 2.8 mSy

Raff® Helical 13 t0 18 mSv

Leber® Helical 10 to 14 mSv

Mollet” Helical 15.2 to 21.4 mSv

Gaspar' Helical 1310 15 mSv

DSCT

Weustink™ Helical 11.1t0 16.1 mSv

Ropers™ Helical 81012 mSv
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mation of the effective dose for a patient
can be obtained by multiplying dose
length product (DLP) by a conversion
factor £ (in mSv x mGy' x cm') that
varies depending on the body region that
is imaged.?

o Increased dose with 64-row CT. Sixty-
four-row multislice CT has increased spa-
tial and temporal resolution as compared
with prior MSCT systems using 16 or
fewer detector rows.”” The increased
detector z-coverage of the 64-row MSCT
significantly shortens the total acquisition
time, leading to improved heart rate sta-
bility and image quality. While 64-row
MSCT has improved overall accuracy for
CCTA, the mean effective dose for
CCTA studies has increased as compared
with studies performed with 16-row
MSCT (Table 1).28131549

The improved temporal resolution of
64-row systems is due primarily to
improved gantry rotation speeds or, in
the case of dual-source CT, the addition
of a second x-ray source. The rotation
time for MSCT systems has decreased
from 500 msec to approximately 330
msec. For DSCT, the effective temporal

resolution is even shorter. Tube current
must be increased, however, to maintain
image quality over the new shorter acqui-
sition windows. The newer systems have
greater tube capacity, increasing from
below 400 mA to up to 800 mA, depend-
ing on vendor and specific CT system.
Such an increase in tube capacity provides
x-ray flux well over the required amount
for rotation speed compensation.

Improved spatial resolution, due
mostly to a decrease in detector aperture,
must also be accompanied by an increase
in tube current to maintain image quali-
ty. While postprocessing filtering partially
compensates for the increase in noise,
tube current must again be increased.
Increasing tube current increases radia-
tion exposure and the effective dose to
the patient.

DECREASING RADIATION DOSE
Various methods have been introduced
to decrease radiation dose.

e ECG modulation. With retrospec-
tive ECG gating, scan data are acquired
and available throughout the cardiac
cycle, but data used for diagnosis come

TABLE 2. METHODS
FOR REDUCING RADIATION
DOSE FOR CCTA

Optimized scan parameters

Adjust mA to patient weight

Reduce kVp to 100 in low BMI patients
Limit z-axis coverage

Reduce field-of-view (25 cm)

ECG dose modulation
30% to 40% dose reduction

Prospective axial gating
Up to 80% dose reduction

TABLE 2. Effective dose of coronary CTA studies can be
lowered by appropriate adjustment of various param-
eters as well as use of newer techniques such as ECG
modulation and prospective gating.

most commonly from the diastolic phase.
Thus, a high tube current may be re-
quired only during the diastolic phase,
while a low tube current is acceptable
during the remaining cardiac phase.
Modulating the tube current online
with prospective ECG control (dose

ECG —
e

Table motion | Stationary

PROSPECTIVE GATED AXIAL SCAN

64 x 0.625 mm
64 x 0.625 mm

64 x 0.625 mm

Stationary

FGURE 2. Technique relies on combined approach using axial data acquisition and
incrementally moving table with adaptive ECG triggering. Table is stationary during
acquisition of 40-mm (64 x 0.625 mm) group of axial images, then translates 35 mm,
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allowing 5-mm overlap of image groups, to next location for another scan initiated by
subsequent normal cardiac cycle. Result is very little overlap between scans, up to
80% reduction in effective radiation dose, and more robust and adaptive ECG gating.
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FIGURE 3. Lowering kVp from 120 to 100 is possible in CCTA and will significantly reduce effective radiation dose
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without adversely diminishing image quality. Further reduction to 80 kVp may adversely affect edge and plaque

discrimination in some patients.

FIGURE 4. Use of weight- or BMl-adjusted mA helps optimize image quality while using minimum necessary dose
required for diagnostic image quality. Helical study on left, performed on 56-year-old man with a BMI of 21 using
mA of 350, resulted in an effective dose of 6.7 mSv. On right is 48-year-old man with a BMI of 42; using an mA
of 800 yielded an effective dose of 21.1 mSv.

modulation) reduces radiation exposure
substantially without decreasing diagnos-
tic image quality (Figure 1). Aggressive
ECG modulation, depending on heart
rate, can reduce overall effective radiation
dose by 20% to 40%.''7?! The eftects of
dose reduction are more pronounced for
lower heart rates. ECG modulation is
now available from all CT vendors and is
commonly employed. In most cases,
reconstructed data from diastole are
acquired during peak tube current, and
no compromise in image quality is noted.

There are some limitations to the ben-
efits of ECG modulation. At higher heart
rates, there is less time to rapidly change
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the tube current, and a less substantial
reduction in effective dose will be real-
ized. In patients with irregular heart
rates, ECG modulation may inadvertent-
ly reduce tube current during the optimal
imaging phase, yvielding reduced image
quality and diagnostic utility.?!

o Lowering tube voltage. Lowering
the tube voltage also allows for a reduc-
tion in effective dose. Radiation dose
varies with the square of the kilovoltage.
Therefore, relatively small reductions in
voltage will result in disproportionately
larger reductions in overall effective
dose.”?! Decreased voltage has the
added benefit of increased opacification
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of vessels due to an increase in the
photoelectric effect and a decrease in
Compton scattering.

The use of weight-adapted low-
kilovoltage settings has been shown to be
eftective for both chest imaging and eval-
uation of the myocardium following
infarction.”* Abada et al recently re-
duced the kV in CCTA from the tradi-
tional 120 to 80 kV in low body mass
index patients undergoing CCTA, and
found that dose reduction of up to 88%
could be obtained."”

Care must be taken in lowering the kV
in CCTA exams (Figure 3). While the
image signal improves with lower tube
voltage, image noise also increases. Abada
et al reported relatively high image noise
and noted blurring at the edge of the
coronary artery wall that made assessment
of coronary plaque more difficult.”” They
stated that coronary stent visualization
could be substantially less satisfactory
using the 80-kVp protocol. For this rea-
son, in our clinical practice, we may lower
the voltage to 100 kVp for low-BMI
patients, but we routinely use 120 kVp
for most other patients.

o Lowering tube curvent. The new 64-
slice CT systems are usually equipped
with higher capacity tubes, often with the
ability to produce up to 800 mA.
Clinically, studies performed using high-
er mA have less noise and higher signal-
to-noise and image contrast-to-noise
ratios. This often makes them more visu-
ally appealing and somewhat easier to
read than studies performed at lower
mA, and they can be very useful in heav-
ily calcified vessels or those with intra-
coronary stents. This capability can also
make what would have been a nondiag-
nostic case diagnostic in patients with a
high BML.

It is tempting to overuse the higher
available tube capacity. We were unpleas-
antly surprised to find that our average
mA using 64-row MSCT for helical
acquisitions was over 18 mSv.” A review
of 82 patients showed that we often
relied on 600 to 700 mA independent
of BMIL
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The mA should be individually tai-
lored to each study based on the patient’s
BMI, chest circumference, and estimated
muscle and breast mass (Figure 4). We
have developed more rigorous guidelines
for mA selection and have been able to
reduce our effective dose in helical stud-
ies by about 20%.

o Minimizing dose on all scan series. A
CCTA exam often consists of several
scans, in addition to data acquisition dur-
ing the coronary angiogram. These
include calcium scoring scans (or “low-
dose” scouts), timing scans, and other
series such as a “completeness” scan of
the lung apices and aortic arch. Together,
these can add another 3 to 5 mSv or
more, depending on the technique cho-
sen. Each of these series should be opti-
mized with an eye to reduction of eftec-
tive dose. We have successfully imple-
mented a significant reduction in both
tube current and voltage for each of the
additional scans commonly performed
with CCTA. This has helped to reduce
the cumulative dose.

o Prospective nxial gating. Hsieh et al
developed and published a new approach
for CCTA, which we refer to as prospec-
tive gated axial (PGA) (Figure 2)."* This
technique uses a combined step-and-
shoot axial data acquisition and an incre-
mentally moving table with prospective
adaptive ECG triggering. It takes advan-
tage of the large 40-mm volume cover-
age available with the 64-row MSCT
scanner, which enables complete cover-
age of the heart in two to three steps.
Using this technique, the table is station-
ary during image acquisition then moves
to the next position for another scan ini-
tiated by the subsequent cardiac cycle.
The result is very little overlap between
scans, significant 50% to 80% reduction
in radiation dose, and more robust and
adaptive ECG gating.

PGA CCTA software (Snapshot Pulse,
GE Healthcare, Milwaukee) has received
FDA 510(k) clearance for CT scanning
of the body, and we use a version that will
be in wide clinical release during 2007.
The prescribed phase for data acquisition
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FIGURE 5. In PGA studies, padding is use of extra tube on-time to acquire image data during additional cardiac phas-
es. Padding is needed in case heart rate varies during exam. For example, if the heart rate fluctuates by 10% beat
to beat (drops from 60 to 54 bpm or increases from 60 to 66 bpm), then +/-10% of phase (100 msec) padding
is needed to ensure that prescribed phase location is acquired for all table locations. In this example, prescribed
phase was 75%. 100 msec of padding allowed phases 65% to 85% to be captured and reconstructed.

FIGURE 6. PGA CCTA exam in an 11-year-old with intermittent chest pain. Anomalous RCA (arrow) is seen to arise
from left sinus of Valsalva and run between aorta (Ao) and pulmonary artery (PA). Effective radiation dose was
0.66 mSv.
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is usually 75% (mid-diastole) for all sub-
jects. Minimum scan time at each axial
location is 230 msec (180° plus a fan
angle), which translates to an effective
temporal resolution of 175 msec with the
half-scan weighting. Additional “pad-
ding” of tube on time can be used,
depending on perceived heart rate insta-
bility (Figure 5). The padding technique

IN COMPUTED TOMOGRAPHY

allows the reconstruction to adapt to
minor heart rate variations and produce
consistent image quality, since the recon-
struction window can be modified retro-
spectively to ensure identical cardiac
phases from scan to scan. To minimize
effective dose, we usually employ rela-
tively narrow amounts of padding: 0 to
100 msec for most studies.
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We compared the PGA technique
with studies performed with the conven-
tional helical technique.” Effective dose
for the PGA group (mean 2.84 mSv) was
significantly lower than for the helical
group (mean 18.4 mSv, p<.001). This
represents a mean 83.2% reduction. We
found PGA to be reliable, as 119 (98.3%)
of 121 clinical studies were clinically
diagnostic as compared with 81 (98.7%)
of 83 helical studies. The number of
assessable coronary segments was also
not statistically different between the two
groups.

We performed blinded reads to deter-
mine differences in image quality be-
tween the PGA and helical techniques.
This step revealed that the PGA tech-
nique was preferred, with very strong sta-
tistical significance (p<.001). The im-
provement ranged from 0.209 (on the
1 to 5 image quality scale) in the right
coronary artery to 0.325 in the left ante-
rior descending artery. Considering that
most image quality scores were in the
highest categories, this is a fairly large
increase in average score. Of interest,
there were seven subjects, each with a
low BMI (mean 21.4) in the PGA group
who had a radiation dose of <1 mSv
(Figure 6). We believe that these are the
lowest reported effective doses for a
CCTA. The technique was equally ro-
bust in patients of higher BMI, and we
appropriately adjusted the mA for these
patients and found excellent image qual-
ity (Figure 7).

FIGURE 7. PGA CCTA in an obese 65-year-old woman (BMI 38) with chest pain. Study revealed ectasia of RCA and
mild diffuse nonobstructive atherosclerosis. Despite her high BMI and use of 750 mA, total effective dose to
patient was only 2.33 mSv.

RADIATION AND CANCER RISKS
Physicians performing CCTA in general
adhere to the ALARA principle and set
CT scanner settings so that a minimal
amount of x-ray tube current is used,
based on a patient’s specific condition,
to produce a diagnostic quality image.
Even with strict adherence to this guide-
line, however, the radiation dose remains
relatively high, and long-term risk to
the patient of developing a radiation-
induced cancer is small but real over
large populations.

The BEIR VII report concluded that
there is a linear no-threshold dose
response relationship between exposure
to ionizing radiation and the develop-
ment of cancer.” The BEIR committee

TABLE 3. ESTIMATED FATAL LIFETIME CANCER RISK

FROM A SINGLE CORONARY CTA EXAM

Scantype Technique ECG modulation Effective dose (ref) BEIR risk™ ICRP risk*

16-row Helical no 10.3 mSve 1/971 1/1941

16-row Helical yes 5.15 mSv* 1/1941 1/3883

64-row Helical yes 12 mSv* 1/833 1/1667

64-row Prospective n/a 2.8 mSv*® 1/3571 1/7142
axial

DSCT Helical yes 12.1 mSy»# 1/826 1/1652

TABLE 3. Based on estimates from BEIR VIl report (1/1000 for a 10 mSv dose)™ and ICRP (1,/2000 for a 10 mSv

dose.”
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calculates that a dose of 10 mSv would
cause one in 1000 lifetime cancers based
on a normal distribution of the U.S. pop-
ulation, but the report acknowledges that
this calculation could be oft by a factor of
two or three, and the conclusion is con-
troversial.”> The International Commis-
sion on Radiological Protection (ICRP)
had previously estimated that a dose of
10 mSv would cause one in 2000 lifetime
cancers.**

Based on the above estimates, a helical
coronary CT angiogram with an effective
dose of 15 mSv has a one in 677 (BEIR
VII) to 1333 (ICRP) risk of inducing a
fatal cancer. A CCTA performed with
PGA technique and an estimated dose of
2.8 mSv would yield a theoretical risk of
one in 3571 (BEIR VII) to 7143 (ICRP)
(Table 3 and Figure 8).

OTHER CARDIAC STUDIES

It may be useful to put the CCTA effec-
tive doses in context with other cardiac
diagnostic tests. We have previously
noted that conventional coronary
angiography has an approximate dose of
5.6 mSv."! Nuclear cardiac imaging pro-
cedures generally have higher doses,
depending on the radiopharmaceutical
used. A rest-stress myocardial SPECT
scan using technetium-99m has an effec-
tive dose of 8 to 17.5 mSv.'2*2¢ A thalli-
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ESTIMATED CANCER RISK OF ONE CCTA EXAM
BEIR VII ICRP
1/800
1/1000
1/2000
1/4000
1/8000
16 row® 16 row 64 row 64 row DSCT
+ ECG M* + ECG M° PGA™ + ECG M#=

FIGURE 8. Estimated lifetime risk of having a fatal cancer induced by ionizing radiation of one CCTA exam. BEIR
committee calculates that a dose of 10 mSv would cause one in 1000 lifetime cancers, while the International
Commission on Radiological Protection estimates that a dose of 10 mSv would cause one in 2000 lifetime can-
cers.’>* Dose estimates are mean reported for referenced studies. + ECG M = ECG modulation used, PGA = pro-

spective gated axial technique.

um-201 stress and reinjection study has
a dose of 18 to 25.1 mSv, and a dual-
isotope study using Th-201 and Tc-99m
has an effective dose of 27.3 mSv.'>*

WHO BENEFITS?

While all patients will benefit from lower-
ing the effective dose of CCTA exams,
this approach is especially promising for
those at potentially higher risk for radia-
tion-induced malignancies. This group

would include premenopausal women
(because of the direct breast exposure)
and younger patients as a whole because
of the lag time for a cancer to develop.
Patients who might in the future have
repeat CCTA studies, such as those with
coronary stents, bypass grafts, complex
congenital anomalies, or known coro-
nary stenoses, may also benefit because of
the lower cumulative dose.

No groups of patients now routinely

undergo serial or follow-up CCTA exams.
CCTA has been used as a one-time prob-
lem-solving tool for symptomatic patients
with a low to intermediate risk of having
significant coronary artery disease. Most
other noninvasive cardiac tests are per-
formed numerous times during the course
of a patient’s illness or lifetime, however,
and it is not unreasonable to assume that
CCTA will also be performed in a similar
manner in patients with CAD. Assuming
additional studies show potential clinical
benefit of serial or periodic reevaluation
with CCTA, the PGA technique will clear-
ly help minimize these patients’ long-term
dose and, therefore, their long-term risk of
cancer development.

SUMMARY

Radiation dose is a concern for those
ordering and performing coronary CTA
because of the inherent high doses asso-
ciated with these exams. Use of ECG
modulation as well as careful reduction
of tube current and voltage can help
reduce the mean effective dose. The
prospective gated axial technique shows
great promise to substantially reduce
dose while improving image quality.
Because of the growing use of CCTA,
physicians should continue to adhere to
the ALARA principles, including the use
of the minimal amount of x-ray tube
current that will still produce diagnostic
quality images. H

POST-TEST INSTRUCTIONS

To complete this CME activity free of charge, please go to the accredited provider website www.cmellc.com/mru for post testing
and Reader Evaluation. Estimated time to complete this activity should not exceed 1.0 hour. The test code for this article is 718.

To earn AMA PRA Category 1 Credits™ read the article and complete the post

Continuing
Medical
Education

<& CME

Release date: MAR 2007

test and the evaluation. (Note: A score of at least 70% must be achieved in
order to be awarded credit.) The post test will be scored instantly and results
will be shown onscreen. You will have the option of printing out a web-gener-
ated Statement of Educational Credits Earned. Please make a copy of your
test results and your “Statement” for your continuing education records. NO
OTHER STATEMENT OF CREDITS EARNED OR CERTIFICATE WILL BE ISSUED.

Please be aware that the accreditation and educational credit information on

Expiration date: MAR 2010

Reviews scheduled: MAR 2008 and MAR 2009
Test code: 718

Reference number: M+W07JSO08MAR

this web page is current and accurate as of the last update. This may super-
sede information contained in your printed article.

CME LLC is accredited by the Accreditation Council for Continuing Medical
Education to provide continuing medical education for physicians.

CME LLC designates this program for a maximum of 1.0 AMA PRA Category

Number of AMA PRA Credits
Designated for this Activity: 1.0

1 Credits™. Physicians should only claim credit commensurate with the
extent of their participation in the activity.

The American College of Radiology (ACR) accepts activities designated for
AMA PRA Category 1 Credits™.

Physician Assistants: The American Academy of Physician Assistants (AAPA)
accepts AMA PRA Category 1 Credits™ from organizations accredited by the
ACCME.

Nurses: The American Nurses Credentialing Center (ANCC) accepts AMA PRA
Category 1 Credits™ toward recertification requirements.

CME LLC is approved by the California Board of Registered Nursing, Provider
No. CEP12748, and designates this educational activity for 1.0 contact
hours for nurses.

Activities that have been designated for AMA PRA Category 1 Credits™ and
are relevant to the radiologic sciences are accepted as category B credit on
a one for one basis by the American Registry of Radiologic Technologists
(ARRT). Radiologic Technologists may use a maximum of 12 category B
credits per biennium.

March 2007

CONSULTATIONS

©2007 CMPMEDICA

IN COMPUTED TOMOGRAPHY 7



MINIMIZING RADIATION DOSE
IN CORONARY CT ANGIOGRAPHY

References

1. Nieman K, Cademartiri F, Lemos PA, et al. Reliable noninvasive
coronary angiography with fast submillimeter multislice spiral com-
puted tomography. Circulation 2002;106:2051-2054.

2. Hunold P, Vogt FM, Schmermund A, et al. Radiation exposure
during cardiac CT: effective doses at multi-detector row CT and
clectron-beam CT. Radiology 2003;226:145-152.

3. Flohr TG, Schoepf UJ, Kuettner A, et al. Advances in cardiac
imaging with 16-section CT systems. Acad Radiol 2003;10:386-
401.

4. Trabold T, Buchgeister M, Kuttner A, et al. Estimation of radia-
tion exposure in 16-detector row computed tomography of the
heart with retrospective ECG-gating. Rofo 2003;175:1051-1055.
5. Morin RL, Gerber TC, McCollough CH. Radiation dose in com-
puted tomography of the heart. Circulation 2003;107:917-922 .
6. Leber AW, Knez A, Becker A, et al. Accuracy of multidetector
spiral computed tomography in identifying and differentiating the
composition of coronary atherosclerotic plaques: a comparative
study with intracoronary ultrasound. J Am Coll Cardiol
2004;43:1241-1247.

7. Mollet NR, Cademartiri F, van Mieghem CA, et al. High-resolu-
tion spiral computed tomography coronary angiography in patients
referred for diagnostic conventional coronary angiography.
Circulation 2005;112(15):2318-2323.

8. Raff GL, Gallagher MJ, O’Neill WW, Goldstein JA. Diagnostic
accuracy of noninvasive coronary angiography using 64-slice spiral
computed tomography. ] Am Coll Cardiol 2005;46(3):552-557.
9. Leber AW, Becker A, Knez A, et al. Accuracy of 64-slice comput-
ed tomography to classify and quantify plaque volumes in the prox-
imal coronary system: a comparative study using intravascular ultra-
sound. ] Am Coll Cardiol 2006;47(3):672-677.

10. Committee to Assess Health Risks from Exposure to Low

March 2007

CONSULTATIONS

Levels of Ionizing Radiation, National Research Council. Health
visks from exposure to low levels of ionizing radiation: BEIR VII phase
2. Washington, DC: The National Academies Press; 2005.

11. Coles DR, Smail MA, Negus IS, et al. Comparison of radiation
doses from multislice computed tomography coronary and conven-
tional diagnostic angiography. J Am Coll Cardiol 2006;47;1840-
1845.

12. Thompson R, Cullom S. Issues regarding radiation dosage of
cardiac nuclear and radiography procedures. J Nucl Cardiol
2006;13:19-23.

13. Gaspar T, Rubinshtein R, Domachevsky L, et al. Sixty-four slice
noninvasive coronary CT angiography is feasible and demonstrates an
carlier stage of coronary artery disease in symptomatic obese patients.
Presented at the 92nd Scientific Assembly and Annual Meeting of the
Radiological Society of North America, Chicago, 2006.

14. Weustink A, Mollet N, Meijboom V, et al. Diagnostic accuracy
of dual source computed tomography coronary angiography in
patients referred for conventional angiography. Presented at the
Annual Meeting of the American Heart Association, Chicago, 2006
15. Ropers U, Karakaya S, Wechsel M, et al. Randomized compar-
ison of dual source computed tomography and 64-slice multi-detec-
tor computed tomography for the detection of coronary artery
stenoses. Presented at the Annual Meeting of the American Heart
Association, Chicago, 2006.

16. Jakobs TF, Becker CR, Ohnesorge B, et al. Multislice helical CT
of the heart with retrospective ECG gating: reduction of radiation
exposure by ECG-controlled tube current modulation. Eur Radiol
2002;12:1081-1086.

17. Abada HT, Larchez C, Daoud B, et al. MDCT of the coronary
arteries: feasibility of low-dose CT with ECG-pulsed tube current
modulation to reduce radiation dose AJR 2006;186:5387-5390.

IN COMPUTED TOMOGRAPHY

18. Hsieh J, Londt J, Vass M, et al. Step-and-shoot data acquisition
and reconstruction for cardiac x-ray computed tomography. Med
Phys 2006;33(11):4236-4248.

19. Earls JP, Urban B, Curry C, et al. Prospectively gated axial coro-
nary CT angiography; a comparison with retrospectively gated hel-
ical CT angiography. Presented at the Annual Meeting and
Scientific Assembly of the Radiological Society of North America.
Chicago, Nov. 2006.

20. European guidelines on quality criteria for computed tomogra-
phy. www.drs.dk/guidelines/ct/quality /index.htm. Accessed June
26, 2002.

21. Hausleiter J, Meyer T, Hadamitzky M, et al. Radiation dose
estimates from cardiac multislice computed tomography in daily
practice. Circulation 2006;113:1305-1310.

22 Sigal-Cinqualbre AB, Hennequin R, Abada HT, et al. Low-kilo-
voltage multi-detector row chest CT in adults: feasibility and effect
on image quality and iodine dose. Radiology 2004;231:169-174.
23. Paul JF, Wartski M, Caussin C, et al. Late defect on delayed
contrast-enhanced multi-detector row CT scans in the prediction of
SPECT infarct size after reperfused acute myocardial infarction: ini-
tial experience. Radiology 2005;236:485-489.

24. 1990 Recommendations of the International Commission on
Radiological Protection. ICRP Publication 60. Ann ICRP 1990;21.
25. Valentin J, Valentin DJ. Radiation dose to patients from radio-
pharmaceuticals: (addendum 2 to ICRP publication 53) approved
by the commission in September 1997. Ann ICRP 1998;28:1-123.
26. Administration of Radioactive Substances Advisory Committee.
Notes for guidance on the clinical administration of radio-
pharmaceuticals and use of sealed radioactive sources. Rev April
2006, Appendix I: www.arsac.org.uk/notes_for_guidence/docs/
arsac_nfg.pdf. Accessed Jan. 2, 2007.



