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Owing to rising concerns about 
ionizing radiation from medical 
imaging, the National Council 

on Radiation Protection and Measure-
ments investigated the growth in the 
use of imaging procedures that involve 
ionizing radiation and the collective 
radiation dose the US population re-
ceives(1). In 2006, medical radiation 
exposure of the US population had in-
creased by approximately 600% com-
pared with that in the early 1980s. 
Computed tomography (CT) is the 
greatest contributor to the growth in 
ionizing radiation exposure from med-
ical imaging, representing 12% of the 
imaging procedures that use ionizing 
radiation but contributing 46% of the 
collective dose to the US population.

The heart of this controversial is-
sue is the difficulty in estimating the 
health risks of this exposure to radia-
tion and in measuring the dose an in-
dividual patient absorbs during a CT 
scan. As imaging professionals and 
medical practitioners have become in-
creasingly concerned about these is-
sues, they have searched for a simple 
way to express the amount of radiation 
a patient receives while undergoing an 
imaging examination. Many were quick 
to adopt the effective dose as a simple 
expression of patient dose, not realiz-
ing that the effective dose is intended 
to represent the dose to a population of 
patients. The effective dose is derived 
from measurements in an idealized 
phantom that integrates the relative 
weighting of the radiosensitive organs 
and does not reflect the morphometrics 
of an individual patient.

Imaging practitioners who are 
skilled in radiation dose monitoring and 
control have a more expansive under-
standing of the root metrics of effective 
dose, primarily the dose length prod-
uct, and secondarily, the volumetric 
CT dose index (CTDIvol). However, they 
may be surprised to learn that CTDIvol is 

a metric of radiation output, not of pa-
tient dose. The exposure to radiation is 
the same whether measured in a block 
of wood or in a patient’s torso. These 
misinterpretations have caused some 
confusion among imaging practitioners 
and have thwarted our collective ability 
to develop effective strategies for man-
aging individual patient doses at CT.

A breakthrough occurred in May 
2011, when the American Association 
of Physicists in Medicine (AAPM) re-
leased report 204, “Size-Specific Dose 
Estimates in Pediatric and Adult Body 
CT Examinations” (2). Four teams of 
investigators used four different tech-
niques to estimate conversion factors 
to translate CTDIvol measurements to 
true measurements of dose on the basis 
of the thickness of the patient’s torso. 
Two of the four teams relied on empir-
ical measurements recorded in anthro-
pomorphic and cylindrical polymethyl-
methacrylate phantoms, while the other 
two conducted Monte Carlo simulations 
of voxelized patient and mathematic cyl-
inder phantoms. The teams combined 
their results to derive coefficients to 
convert reported CTDIvol values to pa-
tient dose estimates at the center of the 
scanned volume. In spite of the different 
techniques, the dose coefficients that the 
four research groups determined were 
remarkably consistent, giving credence 
to this approach for size-specific dose 
estimation (SSDE). The teams used 
four different measurements of torso 
thickness to represent patient size: the 
anteroposterior dimension (AP), the lat-
eral dimension (LAT), the sum of the di-
mensions (AP + LAT), and the effective 
diameter (square root of the product of 
AP and LAT). They also assessed the po-
tential of using standard size estimates 
based on patient age, as reported in the 
International Commission on Radiation 
Units and Measurements Report 74 (3).

Historically, CTDIvol has been mea-
sured by using one of two available 
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to maintain constant image noise in 
phantoms of various sizes.

Christner et al (7) reach a differ-
ent conclusion. In this issue of Radi-
ology, they explore the relationship 
between AEC and patient dose as 
estimated with SSDE. Although the 
exposure was proportional to patient 
size, SSDE was independent of pa-
tient size. Specifically, with AEC, CT-
DIvol increased from 12 to 26 mGy as 
the sum of AP and LAT dimensions 
increased from 42 to 84 cm. However, 
Christner et al used a different imple-
mentation of AEC than that reported 
previously. Israel et al (5) and Schin-
dera et al (6) used the AEC system 
implemented by GE Healthcare (Mil-
waukee, Wis), whereas Christner et 
al used the AEC system implemented 
by Siemens Healthcare (Forchheim, 
Germany). Christner et al explain 
that the AEC studied in their work 
requires lower noise values in chil-
dren and allows higher noise values in 
obese adults relative to that in adults 
of standard size. In comparison, the 
AEC systems used by Israel et al and 
Schindera et al produced a constant 
level of image noise regardless of pa-
tient size.

SSDE allows estimation of the dose 
at the center of a certain CT scan 
range, and it does not take into account 
variations in dose based on variations 
in scan length. Moreover, the presump-
tion with SSDE is that patients are cen-
tered in the CT gantry so that magni-
fication effects are minimized. Finally, 
SSDE cannot be used for estimation of 
organ dose, and thus, it cannot be used 
to estimate effective dose, which is not 
intended for individual patient dose 
estimation.

In spite of these limitations, esti-
mation of patient dose with SSDE from 
radiation exposure metrics such as 
CTDIvol is a great step forward in mon-
itoring and controlling the CT imaging 
radiation dose. The work by Brady and 
Kaufman (4) helps us to understand 
which phantom sizes are most appro-
priate for measuring radiation expo-
sure in children of various sizes and 
which patient size estimation methods 
are most appropriate for estimating 

cations for equipment manufacturers 
who have relied on 32-cm phantoms 
for their CTDIvol measurements for pe-
diatric body imaging applications. In 
addition, the authors have shown that  
CTDIvol measurements recorded with 
the 32-cm phantom do not need cor-
rection with SSDE in patients who 
weigh 100–140 kg owing to the close 
approximation of SSDE from the  
CTDIvol measurements in patients of this 
weight range. For patients who weigh 
36–100 kg, CTDIvol measurements un-
derestimate patient dose, and for those 
greater than 140 kg, CTDIvol overesti-
mates patient dose. The equivalency 
of SSDE and CTDIvol in the 100–140 kg 
range has fewer practical implications 
than does the close approximation of 
patient dose with CTDIvol when mea-
sured with the 16-cm phantom in small-
er pediatric patients. Manufacturers 
and practitioners should heed both con-
clusions, but practitioners will probably 
benefit by standardizing a workflow that 
calculates SSDE for all patients to avoid 
potential errors that may be introduced 
by applying SSDE selectively.

Just when radiologists started feel-
ing comfortable with these exposure 
and dose metrics, they were introduced 
to automatic exposure control (AEC), 
which created more questions. Would 
increasing the tube current in heavier 
patients to maintain uniform image 
noise have an effect on the dose to the 
internal organs? Would the dose in-
crease be commensurate with the in-
creased exposure, or would the dose 
stay the same or even decrease owing 
to the increased attenuation of the 
surrounding tissue. Two prior studies 
(5,6) showed that the increase in dose 
to internal organs was commensurate 
with the increased exposure associated 
with AEC in heavy patients. Israel et al 
(5) showed that, although the exposure 
varied by a factor of three between in-
dividuals who weighed 60 kg and those 
who weighed 100 kg, the dose to the 
liver varied by a factor of two when the 
tube current was allowed to adjust for 
a constant noise index. In a prior phan-
tom study, Schindera et al (6) showed 
a similar relationship between radiation 
exposure and dose when AEC was used 

polymethylmethacrylate phantoms, one 
measuring 16 cm and the other mea-
suring 32 cm in diameter. The phan-
toms were designed primarily for 
adult imaging, with the 16-cm phan-
tom intended for the adult head and 
the 32-cm phantom intended for the 
adult body. One of the compelling chal-
lenges in pediatric CT dose estimation 
is determining which phantom to use 
for CTDIvol measurements in pediatric 
body imaging applications. Some man-
ufacturers have used the 16-cm phan-
tom and others have used the 32-cm 
phantom. Use of the 32-cm phantom 
has been presumed to underestimate 
the dose that pediatric patients receive, 
but specifics regarding the magnitude of 
this error relative to the age and size of 
the patient have not been determined.

In this issue of Radiology, Brady 
and Kaufman (4) explore practical is-
sues regarding the use of the AAPM 
report 204 (2) in clinical practice. They 
tested the variation among the methods 
proposed to estimate patient size and 
dose. The authors concluded that the 
combination of the AP and LAT dimen-
sions, either the sum or the square root 
of the product, produced less variability 
in SSDE than did either measurement 
used individually. This is supported by 
the nonlinear relationships between ef-
fective diameter and both AP and LAT 
dimensions, as shown in AAPM Report 
204. Here, the nonlinearity associated 
with the two orthogonal dimensions is 
complimentary, accounting for the lin-
ear relationship between the sum of 
these two dimensions and the effective 
diameter.

Perhaps more importantly, Brady 
and Kaufman have shown that the 
SSDE provides a better estimate of 
absorbed dose than does presuming 
a one-to-one relationship between ab-
sorbed dose and CTDIvol measured 
with the 32-cm polymethylmethacrylate 
phantom. Moreover, for pediatric pa-
tients who weigh less than 36 kg (typi-
cally those aged 8 years or younger, as 
shown in Figure 3), the 16-cm diameter 
CTDI phantom is a better choice for 
CTDIvol measurements because SSDE 
correction is not needed for this de-
mographic. This has important impli 
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patient dose. The work by Christner et 
al (7) helps us to understand the effect 
of using AEC to determine radiation 
exposure and patient dose in patients 
of different sizes. Authors of both stud-
ies present important information for 
CT equipment manufacturers on phan-
tom sizes appropriate for children and 
the design specifications for AEC tools. 
Further work is needed to refine SSDE 
to provide more precise estimation of 
patient dose and to extend SSDE to 
predict organ dose and effective dose. 
The use of the SSDE will also be im-
portant in the use of registries, allow-
ing for more meaningful comparisons 
of dose indexes.
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