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Purpose:

Materials and
Methods:

Results:

Conclusion:

To summarize data on computed tomographic (CT) radi-
ation doses collected from consecutive CT examinations
performed at 12 facilities that can contribute to the crea-
tion of reference levels.

The study was approved by the institutional review boards
of the collaborating institutions and was compliant with
HIPAA. Radiation dose metrics were prospectively and
electronically collected from 199656 consecutive CT exam-
inations in 83181 adults and 3871 consecutive CT exami-
nations in 2609 children at the five University of California
medical centers during 2013. The median volume CT dose
index (CTDI ), dose-length product (DLP), and effective
dose, along with the interquartile range (IQR), were cal-
culated separately for adults and children and stratified
according to anatomic region. Distributions for DLP and
effective dose are reported for single-phase examinations,
multiphase examinations, and all examinations.

For adults, the median CTDI  was 50 mGy (IQR, 37-62
mGy) for the head, 12 mGy (IQR, 7-17 mGy) for the
chest, and 12 mGy (IQR, 8-17 mGy) for the abdomen.
The median DLPs for single-phase, multiphase, and all ex-
aminations, respectively, were as follows: head, 880 mGy
- em (IQR, 640-1120 mGy - cm), 1550 mGy - em (IQR,
1150-2130 mGy - cm), and 960 mGy - cm (IQR, 690-
1300 mGy - cm); chest, 420 mGy - cm (IQR, 260-610
mGy - cm), 880 mGy - cm (IQR, 570-1430 mGy - cm),
and 550 mGy - cm (IQR 320-830 mGy - cm); and ab-
domen, 580 mGy - cm (IQR, 360-860 mGy - cm), 1220
mGy - ecm (IQR, 850-1790 mGy - cm), and 960 mGy - cm
(IQR, 600-1460 mGy - cm). Median effective doses for
single-phase, multiphase, and all examinations, respec-
tively, were as follows: head, 2 mSv (IQR, 1-3 mSv),
4 mSv (IQR, 3-8 mSv), and 2 mSv (IQR, 2-3 mSv); chest,
9 mSv (IQR, 5-13 mSv), 18 mSv (IQR, 12-29 mSv), and
11 mSv (IQR, 6-18 mSv); and abdomen, 10 mSv (IQR,
6-16 mSv), 22 mSv (IQR, 15-32 mSv), and 17 mSv (IQR,
11-26 mSv). In general, values for children were approx-
imately 50% those for adults in the head and 25% those
for adults in the chest and abdomen.

These summary dose data provide a starting point for in-
stitutional evaluation of CT radiation doses.

©RSNA, 2015
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adiation doses for computed to-

mography (CT) vary considerably

across institutions (1-3), and
health oversight and quality organiza-
tions in the United States and Europe
are urging facilities to measure and
standardize CT doses (4-9). Diagnos-
tic reference levels and summaries of
CT radiation doses commonly used in
practice could guide radiology facilities
in quality improvement efforts to opti-
mize CT. However, few CT diagnostic
reference levels in the United States
are based on large numbers of actual
patient examinations; many U.S. guide-
lines are based on selected data sub-
mitted to demonstrate a facility’s best
work (10-12), and these may not reflect
the routine radiation doses to which pa-
tients are exposed. In contrast, guide-
lines and reference levels have been
created in Europe to standardize CT
radiation doses (13-18).

The University of California Dose
Optimization and Standardization En-
deavor is a collaboration across the
University of California medical centers
(University of California at Davis, Ir-
vine, Los Angeles, San Diego, and San
Francisco) to assess and optimize CT
doses (19). We performed this study to
summarize doses collected from con-
secutive CT examinations performed
at 12 facilities. We provide this snap-
shot of summary dose data to help in-
stitutions evaluate CT doses and con-
tribute to the development of radiation

Advance in Knowledge

®m This article provides radiation
dose data for a large number of
consecutive CT scans from five
large academic medical centers
for several anatomic areas;
because the data reflect all CT
scans obtained in the anatomic
areas reported and are not clas-
sified according to the clinical
indication for scanning, sites that
want to understand how their
overall dose data compare with
those from other institutions can
use these data as a starting point
for the evaluation of their own
CT radiation dose.

dose benchmarks (20). We believe
these data can contribute to the cre-
ation of meaningful reference levels in
the United States.

Materials and Methods

The University of California at San
Francisco Committee on Human Re-
search approved the study and waived
the requirement to obtain informed
consent. The other hospital institutional
review boards relied on this approval.
The study complied with requirements
of the Health Insurance Portability and
Accountability Act.

We collected data for all diagnos-
tic CT scans obtained in 2013 at 12 fa-
cilities associated with the University
of California medical centers. The CT
examinations were performed with 34
scanners from five manufacturers: (a)
Discovery CT750 HD, Lightspeed Ultra,
Lightspeed 16, Lightspeed Plus, and
Lightspeed VCT (GE Healthcare, Little
Chalfont, Buckinghamshire, England);
(b) Bodytom (Neurologica, Danvers,
Mass); (c¢) iCT 128 and iCT 256 (Phil-
ips, Amsterdam, the Netherlands); (d)
Sensation 16, Sensation 64, Somatom
Definition, and Somatom Definition AS
(Siemens, Erlangen, Germany); and
(e) Aquilion and Aquilion One (Toshiba,
Tokyo, Japan). Among these were one
eight-section scanner and five 16-sec-
tion scanners. The remaining scanners
were 64-section units or higher.

Scan data were deidentified at the
facility where they were obtained and
uploaded to a single server by using
Radimetrics (Bayer HealthCare, Whip-
pany, NJ) (21), a software tool for
monitoring and tracking patient radi-
ation exposures from CT. Radimetrics

Implication for Patient Care

B The summary dose data herein
provide a sample of CT doses
that can be readily attained by
institutions and that institutions
can use to assess their own
doses and to guide their optimi-
zation processes; these efforts
can reduce patient exposure to
ionizing radiation.

extracts dose metrics from the Digital
Imaging and Communications in Med-
icine tags through direct connections
with the scanners or picture archiving
and communication systems. Radimet-
rics calculates patient diameter from
the midscan length to calculate the size-
specific dose estimate (SSDE). To cal-
culate effective dose, Radimetrics uses
the library of Cristy phantoms (22)
and matches patients to a particular
phantom on the basis of age, weight,
or diameter. For each phantom in the
library, a set of Monte Carlo simula-
tions are prerun for various scanning
protocols with different examination
parameters, and organ doses are cal-
culated. The organ doses are used to
calculate effective dose according to
published International Commission
on Radiological Protection publica-
tion 103 tissue-weighting factors (23).
These data were then anonymized and
electronically sent to a single server at
the University of California at San Fran-
cisco, where the data were downloaded
for analysis. CT examinations as part of
positron emission tomography/CT and
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CTDI,, = volume CT dose index
DLP = dose-length product

IQR = interquartile range

SSDE = size-specific dose estimate

Author contributions:

Guarantors of integrity of entire study, R.S.B., M.M., N.W.;
study concepts/study design or data acquisition or data
analysis/interpretation, all authors; manuscript drafting

or manuscript revision for important intellectual content,
all authors; manuscript final version approval, all authors;
agrees to ensure any questions related to the work are ap-
propriately resolved, all authors; literature research, R.S.B.,
N.W,, C.H.C., MK, R.L;; clinical studies, R.S.B., N.W.,A.S ;
statistical analysis, R.S.B., M.M., N.W.,A.S., D.L.M.; and
manuscript editing, R.S.B., M.M., N.W,, TR.N., J.M.B.,
CH.C,R.G,D.JH, MK,RL,AS,D.LM.

Funding:
This research was supported by the National Institutes of
Health (grant R0O1CA181191 and award no. A1209013).

Conflicts of interest are listed at the end of this article.

See also the editorial by Bring and Miller in this issue.

Radiology: \olume 277: Number 1—October 2015 = radiology.rsna.org

135



Radiology

MEDICAL PHYSICS: CT Radiation Dose Data from Five University of California Medical Centers

Smith-Bindman et al

those performed for research, radiation
oncology, surgical, or interventional
procedures were excluded.

We report four dose metrics. Vol-
ume CT dose index (CTDI ) reflects
the average per-section radiation ex-
posure, measured in milligrays refer-
enced to a 16- or 32-cm acrylic cylin-
dric phantom. SSDEs are reported in
the chest and abdomen; this calculated
measure essentially scales the CTDI
for patient size by using the midscan
region diameter (24). For a given CT-
DI, a smaller patient will have a high-
er SSDE, reflecting greater radiation
exposure per unit of tissue, whereas
a larger patient will have a smaller
SSDE, reflecting lower radiation ex-
posure per unit of tissue. Although
this measure has been described only
in the abdomen, we also report it in
the chest because institutions are in-
creasingly using it in this way. Dose-
length product (DLP) is the product of
CTDI , and scan length, measured in
milligray-centimeters, and reflects to-
tal radiation output for a CT scan. Ef-
fective dose, measured in millisieverts,
combines information about radiation
received by the patient with scan lo-
cation to reflect organs irradiated and
the potential for deleterious effects of
radiation— primarily the risk of de-
veloping cancer. Data were collected
for each radiating event (“scan”) and
then combined and reported accord-
ing to examination (including at least
one radiating event). Although CTDI
and DLP directly reflect energy output
from the scanner, effective dose is a
calculated measure that considers both
the energy output of the scanner and
the potential harm to the patient that
is influenced by age and size (25). This
measure is most accurate for estimat-
ing doses in populations and cannot
be considered a precise reflection of
risk in individual patients. When an
anatomic region was imaged multiple
times, as in multiphase studies, we av-
eraged the SSDE and CTDI , for each
radiation event and added the DLPs
and effective doses from each radiat-
ing event to obtain the total metrics
for the examination. All results are
presented at the examination level.

We used Radimetrics to extract
patient sex, age, date and time of the
examination, scan region, study de-
scription, protocol name, scanner man-
ufacturer and model, CTDI , and DLP.
Radimetrics also provided SSDE and
effective dose. Examinations were char-
acterized as single phase for single irra-
diating events or multiphase for more
than one irradiating event. Among mul-
tiphase examinations, we calculated
the mean, median, and mode of the
number of phases. When determining
the number of phases, we did not in-
clude brief scans obtained to determine
timing for the injection of iodinated
contrast material.

The median dose and interquartile
range (IQR) were calculated separately
for children and adults (age =14 years)
and according to anatomic region. We
report results for head, chest, or abdo-
men (all examinations that included the
abdomen and/or the pelvis), combined
chest and abdomen, neck, and sinus.
These regions account for 79% of CT
scans in adults and 71% of CT scans in
children. We used software (SAS, ver-
sion 9.3; SAS Institute, Cary, NC) for
all analyses.

Overall, 199656 CT examinations were
performed in 83181 adults and 3871 CT
examinations were performed in 2609
children during 2013. The examinations
were done on 34 scanners across 12
facilities; all scanners were multidetec-
tor units, all had automated tube cur-
rent modulation capability (which was
used for 92% of scans in adults and
88% of scans in children), and 21 were
equipped with iterative reconstruction
for all or part of the year.

For adults, the most common areas
imaged were the abdomen (63167 of
199656 examinations [32%]), head
(32663 of 199656 examinations [16%]),
chest (26857 of 199656 examinations
[13%]), combined chest and abdo-
men (26998 of 199656 examinations
[14%]), sinus (3950 of 199656 ex-
aminations [2%]), and neck (3472 of
199656 examinations [2%]) (Table 1).

Overall, 21% of examinations (n =

42549) were of other anatomic areas,
and the doses from these examinations
are not summarized herein. In children,
the most frequently imaged areas were
the head (1282 of 3871 examinations
[33%]), abdomen (708 of 3871 examina-
tions [18%]), chest (355 of 3871 exam-
inations [9%]), combined chest and ab-
domen (84 of 3871 examinations [2%]),
sinus (185 of 3871 examinations [5%]),
and neck (119 of 3871 examinations
[3%]) (Table 1). Overall, 29% of exam-
inations (n = 1138) were of other ana-
tomic areas; the doses from these scans
are not summarized herein (Table 2).
Multiphase scanning was used in 42%
of examinations performed in adults and
14% of examinations performed in chil-
dren (Tables 1 and 2). Among children
and adults who underwent multiphase
examinations, the median number of
phases was two and the mode was two
(ie, most multiphase studies used two
phases). The mean number of phases
was 2.5 for children and 2.9 for adults.
The median radiation doses and
IQRs in adults are reported in Table 1.
Median CTDI ; values were as follows:
head, 50 mGy (IQR, 37-62 mGy); chest,
12 mGy (IQR, 7-17 mGy); and abdo-
men, 12 mGy (IQR, 8-17 mGy). Median
SSDE values were 14 mGy (IQR, 9-20
mGy) in the chest and 15 mGy (IQR,
11-19 mGy) in the abdomen. Median
DLPs for single-phase, multiphase, and
all examinations, respectively, were as
follows: head, 880 mGy - cm (IQR, 640-
1120 mGy - cm), 1550 mGy - cm (IQR,
1150-2130 mGy - cm), and 960 mGy -
cm (IQR, 690-1300 mGy - cm); chest,
420 mGy - cm (IQR, 260-610 mGy -
cm), 880 mGy - cm (IQR, 570-1430
mGy - cm), and 550 mGy - cm (IQR,
320-830 mGy - cm); and abdomen, 580
mGy - c¢cm (IQR 360-860 mGy - cm),
1220 mGy - cm (IQR, 850-1790 mGy -
cm), and 960 mGy - em (IQR, 600-1460
mGy - cm). Median effective doses for
single-phase, multiphase, and all exam-
inations, respectively, were as follows:
head, 2 mSv (IQR, 1-3 mSv), 4 mSv
(IQR, 3-8 mSv), and 2 mSv (IQR, 2-3
mSv); chest, 9 mSv (IQR, 5-13 mSv),
18 mSv (IQR, 12-29 mSv), and 11 mSv
(IQR, 6-18 mSv); and abdomen, 10 mSv
(IQR 6-16 mSv), 22 mSv (IQR, 15-32
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Table 1

Radiation Dose Metrics in Adults

CTDI,, (MGy) DLP (mGy - cm) Effective Dose (mSv)
Area and Examination No. of 25th 50th 75th 25th 50th 75th 25th 50th 75th
Type Examinations Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile

Head

Single phase 25245 640 880 1120 1 2 3

Multiphase 7418 1150 1550 2130 3 4

All 32663 37 50 62 690 960 1300 2 2 3
Chest

Single phase 16413 260 420 610 5 9 13

Multiphase 10444 570 880 1430 12 18 29

All* 26857 709 12 (14) 17 (20) 320 550 830 6 1 18
Abdomen

Single phase 22755 360 580 860 6 10 16

Multiphase 40412 850 1220 1790 15 22 32

All* 63167 8(11) 12 (15) 17 (19) 600 960 1460 1 17 26
Chest and abdomen

Single phase 10944 820 1260 1800 16 25 36

Multiphase 16054 1070 1560 2160 21 31 43

All* 26998 10(12) 13 (16) 17 (20) 970 1450 2020 19 29 40
Sinus

Single phase 3536 260 380 530 1 1 1

Multiphase 414 740 1210 1670 2 4 7

All 3950 16 25 29 280 400 610 1 1 2
Neck

Single phase 2505 370 490 650 4 5 7

Multiphase 967 330 560 1150 5 7 14

All 3472 12 16 22 360 510 690 4 6 8
All other areas 42549

* Numbers in parentheses are SSDEs, which reflect an adjusted CTDI,,, measurement.

mSv), and 17 mSv (IQR, 11-26 mSv).
Effective doses and DLPs for multiphase
examinations were approximately twice
those for single-phase examinations.

In children, median and IQRs were
substantially lower than those in adults
(Table 2). Median CTDI  values were
as follows: head, 30 mGy (IQR, 22-38
mGy); chest, 3 mGy (IQR, 2-5 mGy);
and abdomen, 4 mGy (IQR, 2-3 mGy).
The doses for CT of the head were ap-
proximately 50% of those used in adults,
and doses for CT of the chest and abhdo-
men were approximately 25% of those
used in adults. The median abdominal
SSDE was 5 mGy (IQR, 4-9 mGy), and
the median chest SSDE was 4 mGy
(IQR, 3-6 mQGy); these findings indicate
that values in children were also consid-
erably lower than those in adults. Most

examinations in children were single
phase, with the following median DLPs:
head, 450 mGy (IQR, 310-650 mGy);
chest, 90 mGy (IQR, 60-150 mGy);
and abdomen, 140 mGy (IQR, 90-230
mGy). The median effective dose was
2 mSv (IQR, 1-4 mSv) for the head, 3
mSv (IQR, 2-5 mSv) for the chest, and
4 mSv (IQR, 3-7 mSv) for the abdomen.

Table 3 summarizes the 75th per-
centiles of the doses described above
and can be used as a simple point of
reference with which imaging centers
can compare their own doses.

Herein we provide summary radiation
dose data for CT dose metrics in adults
and children based on a large number

of consecutive scans obtained at the
University of California medical centers.
The measures, organized according to
anatomic region and number of phases,
offer practical data that CT imaging fa-
cilities can use as a starting point for
assessing their own doses when more
detailed and protocol-specific targets
are not available. Our approach par-
allels the CT radiation dose measure
adopte d by the National Quality Forum
in 2011 (20). Furthermore, because the
United States lacks summary data on
radiation doses for CT based on large
numbers of patients, our data can con-
tribute to the creation of radiation dose
benchmarks by oversight and health
care quality organizations.

Facilities can use these summary
data in two ways. First, they can
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Table 2

Radiation Dose Metrics in Children

CTDI,, (mGy) DLP (mGy - cm)

Effective Dose (mSv)

Area and Examination No. of 25th 50th 75th 25th 50th 75th 25th 50th 75th
Type Examinations Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile

Head

Single phase 1116 290 420 570 1 2 3

Multiphase 166 540 870 1310 3 4

All 1282 22 30 38 310 450 650 1 2 4
Chest

Single phase 292 50 90 130 2 3

Multiphase 63 70 150 210 2 6 7

All* 355 2(3) 34 5(6) 60 90 150 2 3 5
Abdomen

Single phase 625 80 140 230 3 4 6

Multiphase 83 120 210 330 4 6 10

All* 708 2(4) 4 (5) 5(9) 90 140 230 3 4 7
Chest and abdomen

Single phase 49 110 240 380 3 6 12

Multiphase 35 210 300 840 7 9 20

All* 84 3(4) 4 (6) 8(12) 130 270 510 5 9 15
Sinus

Single phase 153 110 270 460 <0.5 1 2

Multiphase 32 270 570 850 1 2

All 185 9 18 28 150 310 500 1 1 2
Neck

Single phase 103 90 140 340 2 3 6

Multiphase 16 170 270 590 4 6

All 119 5 6 13 100 160 340 2 4 6
All other areas 1138

Note.—Examinations were performed in children younger than 1 year (n = 483 [12.5%]), 1-4 years (n = 949 [24.5%)]), 5-9 years (n = 991 [25.6%)]), and 1014 years (n = 1448 [37.4%)).

* Numbers in parentheses are SSDEs, which reflect an adjusted CTDI_ measurement.

ol

compare their dose distributions to our
reported values to determine whether
their doses are within this attainable
range. If distributions are considerably
higher (eg, if medians are higher than
our 75th percentiles), the institutions
could review protocols and scanner set-
tings. Institutions can also take a more
aggressive approach to optimization as
suggested by several authors, wherein
institutions try to get doses below the
25th percentile (16). Indeed, institu-
tions may already be able to obtain
optimization of images below the 25th
percentile we report. Second, in the
absence of broadly accepted U.S. diag-
nostic reference levels, these summary
data could be applied in a manner sim-
ilar to that with which reference levels
are used in the United Kingdom (26):

A technologist setting scanner parame-
ters for a patient could compare pres-
can CTDI  and DLP values reported by
the scanner with our summary data. If
the planned scan would lead to doses
higher than our 75th percentile—or
even higher than the 50th percentile,
depending on how aggressively an in-
stitution wants to optimize doses—with
no clear clinical or patient-specific in-
dications to exceed this level, a radiol-
ogist or physicist could be consulted to
determine whether altering scanning
parameters might be possible. The
75th percentiles for CTDI  and DLP in
adults and children are summarized in
the one-page reference table for print-
ing and posting at scanners.

Our reference doses differ from
Dose Check—an alert function available

on CT scanners indicating high prepro-
grammed CTDI  values—in several
important ways. First, if Dose Check
values are set at levels based on the
American Association of Physicists in
Medicine recommendations (27), tech-
nologists will be notified for the top
5% of examinations. The ostensible
purpose of this is to reduce the highest
outlier doses by notifying technologists
when they are likely to occur, without
burdening technologists with too many
alerts. In contrast, the reference values
summarized in Table 3 are set at the
highest 25% of examinations and are
meant to increase dose awareness
among technologists and radiologists
regarding doses that can be routinely
attained. The goal is to encourage dose
optimization activities in order to reach
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Table 3

Summary of 75th Percentile Data

Adults Children
Area and Examination Type CTDI,,, (mGy) DLP (mGy - cm) CTDI,,, (MGy) DLP (mGy - cm)
Head
Single phase 62 1120 38 570
Multiphase 55 2130 38 1310
Chest
Single phase 17 610 5 130
Multiphase 17 1430 5 210
Abdomen
Single-phase 17 860 5 230
Multiphase 17 1790 6 330
Chest and abdomen
Single phase 18 1800 6 380
Multiphase 17 2160 8 840
Sinus
Single phase 29 530 28 460
Multiphase 37 1670 28 850
Neck
Single phase 23 650 12 340
Multiphase 18 1150 16 590

Note.—Data can be used as a point of reference.

these values on most patients while
avoiding alerts. Reflecting these differ-
ent thresholds, the value recommended
by the American Association of Physi-
cists in Medicine for head CT in adults
is 80 mGy, whereas we report 62 mGy.

A second difference is that while
Dose Check is triggered on the basis
of expected CTDI  values, we report
dose data for four different metrics
that institutions can use to understand
where they may have higher than typi-
cal doses. For example, if an institution
tends to use scanning lengths that are
longer than average, or uses multiphase
examinations more often than average,
the DLP and effective dose metrics
will reflect this, whereas CTDIWI values
may not.

Institution-level radiation doses are
often assessed by medical physicists,
who compare doses within specific,
narrowly defined protocols developed
for particular clinical indications, where
decisions are made to balance dose
with image quality concerns. Although
these efforts are a necessary part of
dose optimization, assessing overall
institutional performance according to

protocol is difficult without widely ad-
opted standards for naming or using
protocols. The United States has thou-
sands of protocol names, and use is not
consistent across institutions—even for
common indications (1). Furthermore,
even if the protocols were named con-
sistently, comparisons within protocols
would not provide all of the informa-
tion because they would not reflect how
frequently the protocols were used. For
example, comparing quad-phase liver
examinations from one institution to
another would indicate only how well
the institution optimized dose for that
examination, not whether the institu-
tion is overusing that examination type.

Our data, organized according to
anatomic region, offer a practical way
to compare CT dose levels across insti-
tutions and patients, and this approach
has been used in other countries to
compare practice (16-18). U.S. na-
tional efforts on creating CT dose-level
benchmarks have primarily used survey
data in which institutions report typical
scanning parameters. Although the re-
sults are important and provide a start-
ing point for optimizing radiation dose,

they may not reflect the actual doses to
which patients are exposed. For exam-
ple, the International Atomic Energy
Agency conducted a survey of radiation
dose for CT in children across 40 un-
derdeveloped countries. Although more
than 90% of facilities said they had pro-
tocols specific for children, these proto-
cols were not available or were used at
no more than half of these facilities (5).

The reported metrics offer a vari-
ety of information that institutions can
use for quality improvement activities.
CTDI , reflects specific scanning pa-
rameter choices and possible radiolo-
gist preferences related to image qual-
ity, and SSDE scales these parameter
choices to the approximate size of the
patient. DLP and effective dose reflect
specific scanning parameter choices as
well as the use of multiphase scanning.
Factors that can be optimized to reduce
patient dose without compromising di-
agnostic accuracy include reducing the
number and scan length of multiphase
scans; using dose reduction software
for iterative reconstruction; standardiz-
ing scan protocols; and educating phy-
sicians, radiologists, and technologists
on optimal diagnostic protocol selec-
tion. All dose-optimization mechanisms
should be considered when CT doses
are higher than dose targets.

We calculated effective dose by us-
ing Radimetrics, but other commercial
and free shareware tools are available
for calculating effective dose. Further-
more, simple methods and conversion
factors exist for converting DLP, which
is reported by more than 95% of U.S.
CT scanners, to effective dose (28,29).
Effective dose has the advantage of
wide use and easy comparison with
radiation from other imaging tests and
environmental exposures.

Few U.S. data have assessed doses
by anatomic area for a large number
of consecutive scans to compare with
the results we report. The American
College of Radiology created reference
levels as part of their CT certification
program, but these levels are based on
submissions of a small number of self-
identified “best” cases rather than on
typical cases or random cases from a
facility. For example, facilities applying
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for American College of Radiology CT
accreditation submit a small sample of
images, usually three or four for each
CT unit; the American College of Ra-
diology assumes that the images sub-
mitted are examples of the facility’s
best, not average, work (11). Although
not directly comparable, the summary
data reported herein are 20%-65%
lower than the American College of
Radiology reference levels (12). The
American College of Radiology has
also collected dose data as part of
their Dose Index Registry, but these
data have not been reported except for
a single renal stone protocol (3) and
the data from the registry are not pub-
licly available. The National Council on
Radiation Protection & Measurements
report number 172 published bench-
marks in the United States, but these
do not reflect typical practice or large
numbers of patients (12).

In contrast, there are considerable
data and benchmarks from European
countries with which to compare our
data (13-18). As reference levels are
typically set at the 75% level, we use the
data presented in Table 3 to compare
with these European publications. Pan-
tos et al (18) summarized doses from
42 published studies, reporting sim-
ilar doses in the head (mean effective
dose, 1.9 vs 2.0 mSv) but lower doses
in the chest (mean effective dose, 7.5
vs 12 mSv) and abdomen (mean effec-
tive dose, 15 vs 17 mSv). Tack et al (17)
reported audit results in Luxembourg
following a nationwide dose optimiza-
tion effort and also found similar doses
in the head (CTDI ,, 52 vs 50 mGy) and
lower doses in the chest (CTDI , 7 vs 12
mGy) and abdomen (CTDI , 10 vs 12
mGy). Stamm (16) conducted a broad
review of diagnostic reference levels (set
at the 75th percentile) that were gen-
erally lower than our 75th percentile in
distribution. For example, he reported
reference levels for the DLP in the brain
of 783-1149 mGy - cm (vs 75th percen-
tile of 1300 mGy - cm in our cohort),
in the chest of 400-627 mGy - cm (vs
830 mGy - cm in our cohort), and in
the abdomen of 534-1629 mGy - cm
(vs 1470 mGy - cm in our population).
Thus, our 75th percentiles fall above or

at the high end of the reference-level
distributions reported (16). European
radiologists may accept more noise
in their images than do their U.S. col-
leagues, perhaps because of greater
awareness and concern regarding the
potential risks of radiation. As a result,
their view of how to define optimized
protocols may be different, which could
account for these dose differences.
There are no data with which to com-
pare clinical outcomes as they may vary
by dose.

The strengths of our study are the
large sample size and automated data
collection. The study also has several
limitations. We do not describe dose
for some CT examinations that crossed
multiple regions (eg, head and chest)
because estimating doses for these ex-
aminations is inaccurate. However, our
data cover most CT scans obtained.
We report on the number of machines
equipped with iterative reconstruction
software, but we do not know when
the software was used. We report the
median doses and the 75th percentiles
because these thresholds are common
in radiology (30,31). However, these
measures do not necessarily reflect best
practices, and many European countries
are already using lower doses. For in-
stitutions in the United States that al-
ready optimize their doses (eg, by tailor-
ing each CT examination to the clinical
question being asked and to the size of
the patient), they may be able to use
doses that are considerably lower than
those we report. The reference values
for children are based on a relatively
small number of examinations, and we
did not have a sufficient sample size to
report the metrics within age strata.
Furthermore, we anticipate that future
technical improvements might permit
the use of doses considerably lower than
these values. Our summary data might
not be appropriate for facilities with a
specific case mix—for example, a urol-
ogy practice that evaluates only patients
with renal stones. Finally, optimization
must also focus on obtaining clinically
adequate images at any dose level.

The purpose of the analysis was
to provide summary data on CT dose
based on a large number of consecutive

CT examinations that institutions can
use as a starting point for evaluation of
the CT radiation doses they use in their
patients. Quality organizations may use
these data to contribute to nationally
representative reference levels.

We provide data on common CT
scans as a starting point for developing
standards for routine CT. We expect
that we and others will continue to up-
date and add to these data for the cre-
ation of benchmarks. Institutions can
use our metrics as a starting point to
assess their CT doses and, when appro-
priate, apply a variety of approaches to
achieve CT doses that optimize effective
patient diagnosis and safety.
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