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OBJECTIVE. The purpose of our study was to determine a dose range for cardiac-gated
CT angiography (CTA) in children.

MATERIALS AND METHODS. ECG-gated cardiac CTA simulating scanning of the
heart was performed on an anthropomorphic phantom of a 5-year-old child on a 16-MDCT
scanner using variable parameters (small field of view; 16 × 0.625 mm configuration; 0.5-sec-
ond gantry cycle time; 0.275 pitch; 120 kVp at 110, 220, and 330 mA; and 80 kVp at 385 mA).
Metal oxide semiconductor field effect transistor (MOSFET) technology measured 20 organ
doses. Effective dose calculated using the dose–length product (DLP) was compared with ef-
fective dose determined from measured absorbed organ doses.

RESULTS. Highest organ doses included breast (3.5–12.6 cGy), lung (3.3–12.1 cGy), and
bone marrow (1.7–7.6 cGy). The 80 kVp/385 mA examination produced lower radiation doses
to all organs than the 120 kVp/220 mA examination. MOSFET effective doses (± SD) were as
follows: 110 mA: 7.4 mSv (± 0.6 mSv), 220 mA: 17.2 mSv (± 0.3 mSv), 330 mA: 25.7 mSv
(± 0.3 mSv), 80 kVp/385 mA: 10.6 mSv (± 0.2 mSv). DLP effective doses for diagnostic runs
were as follows: 110 mA: 8.7 mSv, 220 mA: 19 mSv, 330 mA: 28 mSv, 80 kVp/385 mA: 12
mSv. DLP effective doses exceeded MOSFET effective doses by 9.7–17.2%.

CONCLUSION. Radiation doses for a 5-year-old during cardiac-gated CTA vary greatly
depending on parameters. Organ doses can be high; the effective dose may reach 28.4 mSv. Fur-
ther work, including determination of size-appropriate mA and image quality, is important be-
fore routine use of this technique in children.

atheter-directed cardiac angiogra-
phy is the recognized gold stan-
dard for assessment of coronary
artery anatomy and complex car-

diovascular anomalies in children, but it has
the potential to impart high radiation doses
because of extended fluoroscopic and cine
evaluation [1–3]. Additional relative disad-
vantages of cardiac angiography include pro-
cedure-related complications (pseudoaneu-
rysm, vessel dissection, stroke) and expense
related to resources needed, including spe-
cialized equipment and personnel. These fac-
tors have led to the investigation of alternative
techniques for diagnostic evaluation of the
cardiovascular system [4, 5]. Technical ad-
vances for less resource-demanding and less
invasive procedures, including MDCT an-
giography (CTA), have resulted in a rapid in-
crease in use of this technique for cardiac
evaluation. These technical advances include
faster gantry rotation cycle times (≤ 500 milli-
seconds) narrower (submillimeter) detector

widths, and increasing numbers (e.g., 64) of
detector rows combining to improve image
quality by increasing spatial resolution and
decreasing motion artifacts. In addition, im-
age degradation from cardiac motion is fur-
ther reduced using retrospective ECG gating
or prospective ECG triggering [6–8].

Cardiac-gated CTA is being used in the as-
sessment of coronary arteries in adults [9–12].
However, imaging the heart and coronary arter-
ies using cardiac-gated CTA has not been sys-
tematically assessed in children. Systematic as-
sessment includes determination of the
parameters that contribute to radiation dose
from cardiac-gated CTA. For example, optimal
tube current and kilovoltage settings are still
evolving in adults even as the number of car-
diac-gated CTA examinations is increasing
[13]. In addition, attention has recently been di-
rected to dosimetry of cardiac-gated CTA
[14–23]. However, one difficulty in assessing
CT dose is that traditional methodology using
thermoluminescent dosimeters (TLDs) is prob-
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lematic, especially for assessing multiple CT
examinations because multiple phantoms or re-
peated loading of dosimeters into a single phan-
tom is necessary. An alternative method of dose
assessment using the dose–length product
(DLP) has been studied but has recently been
challenged as imprecise [24, 25]. A relatively
new combination of dosimetry using metal ox-
ide semiconductor field effect transistor (MOS-
FET) technology and adult and pediatric an-
thropomorphic phantoms has overcome many
of these technical dosimetry difficulties
[26–35]. To our knowledge, to date this combi-
nation has not been applied to pediatric cardiac-
gated CTA radiation dose assessment.

It is essential to balance image quality and
radiation dose delivered when performing
CTA in children [36, 37] including cardiac-
gated CTA. Part of this balance is knowing
how much radiation dose is delivered. There-
fore, the specific purpose of this investigation
was to measure the radiation dose resulting
from a range of techniques for cardiac-gated
CTA in a pediatric anthropomorphic phantom.

Fig. 1—Posterior view of anthropomorphic phantom of 
5-year-old child depicts axial slices that contain tissue-
equivalent anatomic sites labeled 1–17, LL = left and 
RR = right. 

TABLE 1: Specific Organ Radiation Dose (cGy) Measured by MOSFET During 
Cardiac-Gated CT Angiography in Anthropomorphic Phantom of 
5-Year-Old Child

Organ Location

Protocola

110 mA/120 kVp 220 mA/120 kVp 330 mA/120 kVp 385 mA/80 kVp Timing Bolus

BM, mandible 0 0 0 0 0

Thyroid 0.2 (± 0.3) 0.7 (± 0.3) 0.7 (± 0.1) 0.2 (± 0.2) 0

Esophagus 0.5 (± 0.1) 1.2 (± 0.1) 1.9 (± 0.1) 0.6 (± 0.0) 0.1 (± 0.0)

BM, rib 0.9 (± 0.2) 2.1 (± 0.3) 3.2 (± 0.2) 1.1 (± 0.3) 0.2 (± 0.0)

Lungs (top) 3.5 (± 0.1) 7.4 (± 0.4) 11.3 (±0.3) 4.3 (± 0.2) 2.7 (± 0.0)

Breast, left 3.5 (± 0.3) 8.4 (± 0.4) 12.6 (± 0.4) 5.9 (± 0.1) 4.6 (± 0.1)

Breast, right 3.3 (± 0.2) 7.3 (± 0.4) 11.4 (± 0.4) 4.7 (± 0.2) 3.0 (± 0.0)

Lungs (middle) 3.7 (± 0.3) 8.2 (± 0.4) 12.1 (± 0.2) 5.2 (± 0.2) 0.2 (± 0.0)

Lungs (low) 3.3 (± 0.2) 6.9 (± 0.8) 11.0 (± 0.7) 4.3 (± 0.3) 0.1 (± 0.0)

BM, thoracic spine 1.7 (± 0.1) 4.1 (± 0.1) 6.7 (± 0.2) 1.9 (± 0.2) 0

Liver 0.7 (± 0.1) 1.5 (± 0.2) 2.5 (± 0.1) 0.8 (± 0.0) 0

Stomach 0.2 (± 0.1) 0.6 (± 0.2) 0.9 (± 0.1) 0.2 (± 0.0) 0

Kidney 0.3 (± 0.2) 0.5 (± 0.1) 1.0 (± 0.1) 0.2 (± 0.1) 0

Intestine 0 0.4 (± 0.1) 0.6 (± 0.0) 0.2 (± 0.1) 0

Ascending colon 0 0 0.2 (± 0.1) 0 0

BM, lumbar spine 0 0 0 0 0

BM pelvis 0 0 0 0 0

Ovaries (gonads) 0 0 0 0 0

Bladder 0 0 0 0 0

Testes 0 0 0 0 0

Note—Data are doses in cGy. MOSFET = metal oxide semiconductor field effect transistor, BM = bone marrow.
aCardiac-gated CTA examinations performed on a 16-MDCT scanner (LightSpeed, GE Healthcare) using 
SnapShot Burst Plus software.

Materials and Methods
A tissue-equivalent anthropomorphic phantom

(Model 705-D, CIRS) of a 5-year-old child was
used in this study (Fig. 1). This age was used be-
cause the phantom was one of only two available in
the department and because dosimetry for a 5-year-
old is better applied to older and younger ages than
a neonatal phantom. Organ dose measurements
were obtained using the MOSFET AutoSense sys-
tem (Model TN-RD-60, Thomson-Nielsen, a divi-
sion of Best Medical Canada, Ltd.) that consists of
20 high-sensitivity detectors (Model TN-1002RD,
Thomson-Nielsen) connected to four bias supplies.
These MOSFET detectors are specifically intended
for diagnostic radiology applications.

MOSFET detectors were calibrated as follows.
First, we determined the thickness of copper sheets
to achieve the half-value layer (HVL) (7.24 mm Al
at 120 kVp) of GE Healthcare CT scanners [27]
with a conventional radiographic X-ray tube; we
added 0.2-mm copper sheets to the X-ray tube to
obtain an equivalent HVL of 7.37 mm Al at 120
kVp. After this had been accomplished, individual
MOSFET detectors were calibrated at a clinical en-

ergy of 120 kVp. Individual calibration factors
were obtained for all 20 MOSFET detectors by fit-
ting four data points with the least-squares fit rou-
tine (Prism, version 2.0, 1995, GraphPad software).
These conversion factors were stored in the MOS-
FET software (AutoSense PC software version
2–1, TN-RD-49, Thomson-Nielsen) for immediate
readout after each protocol was performed. The
bias supplies provide a regulated bias voltage to the
detectors and are connected to a reader after a radi-
ation exposure to measure the threshold voltage
shift in the detector. This permanent shift in the
threshold voltage after irradiation is proportional to
the absorbed radiation dose [38].

The MOSFET sensors gathered data from 20 sim-
ulated anatomic sites in the tissue-equivalent phan-
tom (Table 1). The leads were placed to measure
doses at specific organ locations in the phantom,
which was configured of individual slices containing
anthropomorphic tissue equivalents (Fig. 1). The
data were directly sent to a laptop computer after
each exposure. Subsequently, the effective radiation
dose was calculated according to guidelines pub-
lished in International Commission on Radiological
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Protection (ICRP) 60 by summing the products of
the average recorded organ radiation dose and the
ICRP weighting factor [39]. Radiation doses mea-
sured in tissue equivalents for small organs such as
the ovary and thyroid gland were through a single-
detector scanner only. In comparison, radiation
doses measured in larger organs such as the liver or
lung were calculated after determination of the mean
of several-detector dose measurements. Pediatric
bone marrow distributions were previously pub-
lished by Cristy [40]. We have used percentage of
bone marrow distribution data for 5-year-olds in the
effective dose calculations for the major skeletal re-
gions: skull (cranium + mandible) (17.44%), ribs
(ribs + sternum) (10.58%), spine (middle portion)
(9.58%), and pelvis (23.33%).

The effective dose was also calculated by the
DLP displayed on the CT console for each protocol.
The general formula for effective dose is as follows:

Effective dose = EDLP × DLP,

where the effective dose is measured in mSv (for
this investigation a conversion factor of 0.021 mSv
per mGy · cm was used to estimate the effective
dose); effective doseDLP is an anatomy-specific
dose coefficient expressing effective dose normal-
ized to DLP in mSv · mGy–1 · cm–1, and DLP is in

mGy · cm [41]. A conversion factor of 0.021 was
used based on the following: the adult conversion
factor for chest CT is 0.017, and conversion factors
for young children should be larger than adult con-
version factors [41]; there are no published conver-
sion factors for pediatric chest CT; and additional
work in our dosimetry laboratory (unpublished
data) with the phantom of the 5-year-old child and
MOSFET technology for chest MDCT indicates
that the conversion factor of 0.021 mSv · mGy–1 ·
cm–1 is reasonable.

The retrospective gated cardiac CT examina-
tions were performed on a 16-MDCT scanner
(LightSpeed, GE Healthcare) using the SnapShot
Burst Plus software (GE Healthcare), which creates
an image made with 180° rotation. Multisector re-
construction is used to improve temporal resolution
to better than 250 milliseconds. The specific scan-
ning parameters are summarized in Table 2. In the
absence of published protocols for pediatric car-
diac-gated CT angiography, three different proto-
cols were arbitrarily designed to cover a range of
potential doses delivered during gated CT angiog-
raphy. These diagnostic phase protocols consist of
modifications of tube current (in milliamperes) ar-
bitrarily designated as high (330 mA), medium
(220 mA), and low (110 mA), corresponding to the
milliampere value. ECG dose modulation was not

TABLE 2: Scanning Parameters and Console Radiation Dosimetry for 
SnapShot Burst Plus 0.625-mm Protocol in Anthropomorphic
Phantom of 5-Year-Old Child

Parameter kVp mA Pitcha

Time for
Complete

Tube
Rotation (s)

Exposure
Time (s) SFOV

CTD1vol
(mGy)

DLP
(mGy · cm)

Low mA 120 110 0.625 mm 0.5 17.8 Small 41.97 411.88

2.75

0.275:1

Medium mA 120 220 0.625 mm 0.5 17.8 Small 91.31 896.01

2.75

0.275:1

High mA 120 330 0.625 mm 0.5 17.8 Small 136.97 1,344.02

2.75

0.275:1

Low kVp 80 385 0.625 mm 0.5 17.8 Small 57.53 564.49

2.75

0.275:1

Timing bolus 120 400 0.625 mm 0.8 9.6 Small 544.35 1,088.69

2.75

0.275:1

Note—Cardiac-gated CTA examinations were performed on 16-MDCT scanner (LightSpeed, GE Healthcare) 
using SnapShot Burst Plus software (GE Healthcare). SFOV = scanning field of view, CTDIvol = volume CT dose 
index, DLP = dose–length product.

aFirst value is slice thickness, second value is reconstruction interval, and third value is true pitch.

available, and thus mA was fixed throughout each
examination. The peak kilovoltage (kVp) was kept
constant at 120 kVp for these tube currents. The
high mA protocol was chosen to represent the tube
current that is currently in use in clinical practice in
adults because conceivably that could be a default
protocol for pediatric imaging [42]. We were also
interested in assessing dose for a lower kVp proto-
col because reduced kVp has been advocated in pe-
diatric MDCT, including CTA [35], so an addi-
tional protocol using 80 kVp and an mA of 385 was
performed. Based on data that a decrease in kVp
from 120 to 80 results in an increase in noise of
68% [43], an increased tube current was used to
partially compensate for this. The tube current was
increased from 220 to 385 mA (75% increase),
yielding a predicted decrease in noise of 33%. Be-
cause contrast improves with lower kVp, a balance
in noise was not attempted. This protocol was not
selected to be an equivalent in noise to the 220
mA/120 kVp protocol, but is a representation of a
protocol used at one investigator’s institution after
consultation with the manufacturer of the MDCT
scanner. Dosimetry was also performed for the tim-
ing bolus exposure at 5-mm axial acquisition, 0.8
second gantry rotation time, 40 mA, and 120 kVp. 

The phantom was examined in the supine posi-
tion with a single diagnostic phase examination
from the carina to the cardiac apex (10 cm) using
retrospective cardiac gating (Fig. 2). A heart rate
simulator (ECG Simulator, model GE Marquette,
GE Healthcare) was used, set at a rate of 100 beats
per minute representing a normal heart rate for a 5-
year-old child [44]. Each of the four diagnostic
phase examinations and a single timing bolus phase
were performed three consecutive times. The organ
doses obtained during each of the three exposures
were used to obtain an average dose value and SD
for each protocol. During each examination, the
same dosimeters were exposed in identical loca-
tions to minimize recorded dose bias due to intrin-
sic measurement disparities. The effective organ
doses discussed in this article are therefore the
summed averages of the three simulated scans for
each protocol. MOSFET effective dose was deter-
mined using ICRP 60 guidelines [45, 46] and com-
pared with the DLP effective dose, calculated using
methodology by Shrimpton and Wall [41].

Results
The measured radiation doses (and SDs) to

specific organs are summarized in Table 1,
and select organ doses are depicted in
Figure 3. The MOSFET effective doses for
the four different protocols are provided in
Table 3 and Figure 4.

Organ dose measurements varied depend-
ing on the specific protocol evaluated. When
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Fig. 2—Anthropomorphic 
phantom of 5-year-old 
child positioned supine in 
CT gantry with metal 
oxide semiconductor 
field effect transistor 
(MOSFET) system and 
heart rate simulator.

Fig. 3—Organ doses 
were calculated using 
summed averages of 
three simulated scans for 
each protocol. Effective 
dose was determined 
using ICRP 60 
(International 
Commission on 
Radiological Protection) 
guidelines [39]. 
BM = bone marrow. A
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assessing the doses calculated for the three
protocols with constant kVp (120 kVp), the
low-mA (110 mA) protocol imparted a lower

radiation dose to all organs than the medium-
mA (220 mA) or the high-mA (330 mA) pro-
tocols, as expected. However, this investiga-
tion provided an opportunity to assess organ
doses (Table 1). We found that the highest or-
gan dose from all protocols was to the lungs
and the breast. The combined breast dose was
3.4 cGy (right and left breasts averaged) for
the low-mA (110 mA, 120 kVp) protocol, 8.0
cGy for the medium-mA (220 mA, 120 kVp)
protocol, and 12 cGy for the high-mA (330
mA, 120 kVp) protocol. The lung dose (top,
middle, and lower lung lobe doses averaged)
was 3.5 cGy for the low-mA (110 mA, 120
kVp) protocol, 7.5 cGy for the medium-mA
(220 mA, 120 kVp) protocol, and 11.6 cGy
for the high-mA (330 mA, 120 kVp) protocol.
The 385 mA/80 kVp protocol delivered 5.3
cGy as a breast dose and 4.6 cGy as a lung
dose, which are lower doses than either the
medium-mA or high-mA protocols.

The MOSFET effective doses for the four
different protocols are provided in Table 3

TABLE 3: Effective Dose for Pediatric 
Cardiac-Gated CT 
Angiography with SnapShot 
Burst Plus 0.625 mm 
Softwarea Using ICRP 60 as 
Reference Standard

Scanning
Parameters

Effective
Dose
(mSv)

Effective Dose
+ Timing Bolus

(mSv)

330 mA, 120 kVp 25.7 + 0.3 28.4 + 0.3

220 mA, 120 kVp 17.2 + 0.3 19.9 + 0.3

110 mA, 120 kVp 7.4 + 0.6 10.1 + 0.6

385 mA, 80 kVp 10.6 + 0.2 13.3 + 0.2

Timing bolus 2.7 + 0.1 —

Note—Total effective dose was calculated using 
guidelines of International Commission on 
Radiological Protection (ICRP) [39]. Dash (—) 
indicates not applicable.

aGE Healthcare.

and Figure 4. These results show the expected
reduction in the resultant effective dose as the
mA is reduced by one third for the medium-
and by two thirds for the low-dose protocols,
as compared with the high-mA protocol. That
is, our results show the predicted drop in ef-
fective dose from 28.4 to 19.9 mSv (mea-
sured, 30%; expected, 33.3%) and finally to
10.1 mSv (measured, 64%; expected, 66.7%)
as the tube current changed from 330 to 220
mA and finally to 110 mA.

The effective dose for the 80-kVp exami-
nation, including the timing bolus, was
13.3 ± 0.2 mSv. The low-kVp examination as
designed (385 mA, 80 kVp) had a lower ef-
fective dose than the CT protocols with me-
dium mA (220 mA, 120 kVp) and high mA
(330 mA, 120 kVp). For diagnostic scanning,
the effective dose calculated from the DLP
method was always higher than the measured
effective dose, and differed from between
9.7% to 17.2% (Fig. 5).

Discussion
Although technologic innovation often

heralds new or improved diagnostic benefits,
it is prudent to approach these benefits with
an understanding of additional costs and
risks, and for CT this includes the radiation
dose. As CTA and gated-cardiac CTA become
increasingly used for the evaluation of the
cardiovascular system in the pediatric popula-
tion [47, 48], knowledge and understanding
of the radiation dose are imperative. This is in
part due to both increased radiosensitivity in
the pediatric population and the longer life-
time for radiation-induced stochastic effects
to manifest in children [24, 34, 46, 49–53].

Therefore, establishing MDCT radiation
doses is a necessity for both clinical manage-
ment of patients and for institutional review
board risk assessment for research. However,
establishing these doses has been problem-
atic. The traditional method for quantification
of radiation dose using thermoluminescent
dosimeters (TLDs) is time-consuming. For
example, loading, unloading, and processing
the TLDs must follow each CT examination.
Therefore, only one CT examination can be
performed at a time (unless another phantom
with TLDs is available), and dosimeters may
have to be shipped to another site for interpre-
tation. The MOSFET technique for dosimetry
provides real-time dosimetry in which data
from multiple CT examinations can be ac-
quired instantaneously during a single ses-
sion. MOSFET dosimetry is particularly use-
ful in the comparison of doses from multiple
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Fig. 4—Total effective 
dose was determined 
using ICRP 60 
(International 
Commission on 
Radiological Protection) 
guidelines [39] and using 
doses from average of 
three scans for each 
protocol and timing bolus.

Fig. 5—Effective dose 
calculated from 
dose–length product 
(DLP) (white) on CT 
console was compared 
with effective dose 
calculated from ICRP 60 
(International 
Commission on 
Radiological Protection) 
guidelines (black) for 
four diagnostic 
protocols. In all 
instances, effective dose 
calculated from DLP was 
9.7% to 17.2% higher. 
Note that only effective 
doses for diagnostic runs 
are depicted in graph.
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CT protocols in which the dose effect of var-
ious manipulations such as alteration of mA,
kVp, or pitch can be assessed. MOSFET tech-
nology has previously been validated against
the TLD method; it also provides an accurate
method to assess dose, with uncertainty in
dose recorded during the three separate runs
for each protocol in the range of 10% at the 1-
cGy dose level [25, 34].

Based on this MOSFET dosimetry, car-
diac-gated CTA doses to a 5-year-old can ex-
ceed 28 mSv when a protocol with adult tech-
niques is used. These doses are well beyond
those used for routine chest CT in adults (5.4
mSv) or children (< 5 mSv) [25, 54, 55]. For
the child, the dose is up to 5.6 times the radi-
ation dose of routine chest CT. For diagnostic
scanning, the effective dose calculated using
the DLP method was consistently higher
(9.7–17.2%) than the effective dose calcu-
lated from the ICRP 60 guidelines [39]. The
DLP is available on most modern CT scan-
ners, and our data show that although overes-
timation occurs consistently, the DLP method
provides a reasonable estimate, we believe,
for the effective dose for cardiac-gated CTA
in a 5-year-old. This difference, however,
may not be reflected at different ages (cross-
sectional areas) or when using a different field

of view, and it obviously depends on the con-
version factor used.

Our dosimetry data also provide an opportu-
nity to compare radiation doses from cardiac-
gated CTA with those from conventional an-
giography. The radiation dose delivered to the
5 year-old using an adult protocol also exceeds
the dose reported for adults. Several recent in-
vestigations of the radiation dose delivered by
coronary cardiac-gated CTA in adults have
found the potential radiation dose to be rela-
tively high (up to 18.8 mSv) depending on the
type of scanner [21, 23, 56]. Using results from
Hunold et al. [13], our data also indicate that
the dose delivered by cardiac-gated CTA may
be as great as 2.5 times the dose delivered by
conventional angiography. Bacher et al. [57]
report median effective doses of 4.6 mSv for
diagnostic pediatric cardiac catheterizations
and 6.0 mSv for therapeutic cardiac catheter-
izations. Similar measurements are reported by
Rassow et al. [58], who found effective dose
measurements from cardiac catheterization in
infants to range from 2 mSv (25th percentile)
to nearly 18 mSv (90th percentile). In compar-
ison, the preliminary data with our pediatric
phantom indicate that there is potential for the
radiation dose to children undergoing cardiac-
gated CTA to be substantially higher than the

dose delivered by standard cardiac catheteriza-
tion. If a high-dose technique is used, the dose
to a child for cardiac-gated CTA may be up to
six times (28 vs 4.6 mSv) that of a standard car-
diac catheterization.

As shown in an anthropomorphic phantom
of a 5-year-old, cardiac-gated CTA in chil-
dren can result in a higher radiation dose than
conventional angiography. However there are
benefits of CT versus conventional catheter-
ization in children. Cardiac catheterization is
invasive. Complications associated with fem-
oral artery catheterization include occlusion,
dissection, pseudoaneurysm formation, and
retroperitoneal hemorrhage [57, 58]. Further-
more, serious sequelae such as limb growth
discrepancy can occur because of arterial is-
chemia in infants and young children [55,
58–61]. Postprocedural monitoring may re-
quire several hours in a recovery unit. Cardiac
catheterization may also require general anes-
thesia. Cardiac-gated CTA does not require
the same frequency of sedation as conven-
tional angiography and requires only that
there be adequate venous access [35, 62]. Al-
though no reports of sedation frequency are
available to our knowledge, the limited need
for sedation in these examinations would
likely also apply because the examination is
rapidly acquired and can be performed in sec-
onds. Cardiac-gated CTA can easily be com-
pleted using 1.5 mL/kg of IV contrast mate-
rial, which is less than the amount generally
required for cardiac catheter angiography
[35]. If the IV access site allows power injec-
tion, no ancillary staff is exposed to radiation
(e.g., when a manual bolus technique is used,
the individual responsible for the injection
must be in the room during at least a portion
of the image acquisition). The procedure it-
self imparts a radiation dose to the child and
the physician performing the examination,
and any support staff who are required to be
present in the angiography suite [63–65].

Because CT angiography in children can be
performed at a lower kVp, which will increase
the inherent tissue contrast [35, 43, 63] and po-
tentially improve the contrast-to-noise ratio,
we elected to study a lower-kVp protocol. It
was not our intention to maintain image noise
compared with the three protocols performed
at 120 kVp, but to select a kVp level that has
been advocated in the literature for pediatric
CTA and to partially compensate for the in-
creased noise with an increase in tube current
to 385 mA. With this protocol, the measured
dose was less than with the 220 mA/120 kVp
protocol but higher than with the lowest mA
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protocol. These data indicate that dose levels
can be achieved in the lower range when a
lower kVp is used, although more work must
be done to assess the overall affect on image
quality, considering both mottle and contrast.

Our investigation has several limitations.
The examination was performed for only one
age phantom. We chose a phantom of a 5-year-
old because of availability and because this
phantom better approximated the range of chil-
dren evaluated from infancy through early
teens. In addition, the examinations were all
performed on a single scanner type with select
protocols. Although the adult parameters argu-
ably would not be the default, to our knowledge
no pediatric cardiac-gated CTA guidelines have
been systematically investigated. We chose the
specific protocols in this investigation to repre-
sent high-, medium-, and low-dose protocols to
assess a range of potential doses.

Another limitation is that there was no inves-
tigation of image quality or the potential effect
of changes in protocol on image quality. Our in-
vestigation also did not evaluate the potential
benefits (decreased dose) due to dose modula-
tion techniques because our institution did not
have this capability during the period of the in-
vestigation. It has been reported that this tech-
nique can reduce the radiation dose by 30–50%
by significantly reducing the tube current dur-
ing systole [66]. Also, some discrepancies were
seen in organ doses measured by MOSFET. We
believe the discrepancy in dose to the breast rel-
ative to that imparted on the lungs with the low-
mA (110 mA) protocol may be explained by the
helical rotation of the X-ray tube and the varia-
tion of the dose measured when the breast is po-
sitioned as a surface organ versus its exposure
when the X-ray beam passes through the chest
from back to front. The lungs received a more
uniform exposure because of their relatively
central position in the chest. The changes in rel-
ative position of the breast and the X-ray beam
source may also explain slight differences in
dose received by the right and left breasts. We
performed three runs for each protocol to re-
duce the positional effect of the detectors. Al-
though performing an axial acquisition of data
would eliminate this sampling issue based on
detector position, this technique is not practical
for cardiac-gated evaluation.

Finally, we used an estimated conversion
factor of 0.021 mSv · mGy–1 · cm–1 for pedi-
atric chest MDCT based on justifications in
the methodology. In fact, when we computed
a dose conversion factor (effectiveDLP) from
MOSFET results, we arrived at a conversion
factor of 0.019 using the equation:

effectiveDLP =
effective dose from measurements of phantom 

of 5-year-old / DLP(console display).

This confirms that our initial estimate of
0.021 mSv · mGy–1 · cm–1 for effectiveDLP
was reasonable and slightly more conserva-
tive than the phantom-based value of 0.019
mSv · mGy–1 · cm–1.

In conclusion, technical advances in car-
diac imaging with cardiac-gated CTA are rap-
idly evolving. MOSFET technology is a use-
ful tool for measuring radiation dose from
cardiac-gated CTA protocols and can provide
radiation dose quantification. Depending on
parameters, these doses vary substantially
and can be relatively high, with the effective
dose reaching 28.4 mSv in the protocols
tested; some of the highest organ doses are to
the pediatric breast. More information is
needed for development of optimal scanning
parameters and assessment of the diagnostic
accuracy of this technique before its wide-
spread use in the pediatric population.
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